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FOREWORD

The principal objective of those who have been involved in preparing this edition of Poultry
Diseases continues to be to provide an up-to-date and concise account of the more common dis-
eases of poultry and of the factors that are important in supporting optimal production.

The first edition was published under the editorship of the late Bob Gordon in 1977 and
the regular production of new editions since that time is a reflection of the rapid changes and
advances that have taken place in poultry production and in the understanding and control of
disease. The use of molecular techniques for rapid diagnosis, for epidemiological tracing and
for improved vaccine production is one of the factors that have accelerated the pace of these
advances. In addition, greater attention is being given to zoonotic infections, to the advantage of
the consumer. The benefits seen by the industry over recent years have been a marked increase
in production performance and feed conversion throughout the world and, in many areas, a
greater contribution to the quantity and quality of the human food supply. However, there are
still challenges to be met. For example, problems have emerged in the control of certain diseases
in some countries since the removal of effective drugs.

The editors and contributors to this book are active and renowned in their particular fields
and have produced an updated edition that serves a highly useful purpose in providing the lat-
est information on poultry disease and its control.

Frank Jordan
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PREFACE

The purpose of Poultry Diseases is to provide a standard reference work on health and disease for
those involved in the poultry industry.

This book includes information that is relevant to veterinary and agricultural students and
their teachers, veterinarians in government and practice, and management staff involved
in poultry companies. This is now the sixth edition of the book first edited by the visionary
Dr R. E Gordon in 1977. Its continued success has been a tribute to the zeal, tenacity and sci-
entific standing of Professor Frank Jordan. This is the first edition where he has not been senior
editor and the four of us are privileged to continue as his successors.

The poultry industry is very important to the world agricultural economy, and technologi-
cal innovation has greatly improved the efficiency of poultry production, especially in relation
to housing, nutrition, genetics and health management. Hence it was considered necessary to
update the content of this book without fundamentally changing its format. For example, the
chapter on avian influenza has been expanded and the welfare chapter has been extended to
include the European situation. In the bacteriology section, the reclassification of organisms of
‘Pasteurella type’ is brought up to date. The importance of biosecurity is now well understood by
industry and governments and this is reflected by a complete revamp of the chapter on hygiene.

We would like to acknowledge the helpful suggestions and assistance of numerous colleagues
in the production of this new edition.

Carnforth, Thirsk, Liverpool and Addlestone 2007 Mark Pattison
Paul E. McMullin
Janet M. Bradbury
Dennis J. Alexander
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Dedication

This book is dedicated to Professor Frank Jordan,
editor of the third edition of Poultry Diseases
and co-editor of the second, fourth and fifth editions, and to his late wife,
Bella, who gave him a great deal of help and support.
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Steven Stenhouse

The poultry
industry

In the last few years the poultry industry has faced a number of challenges, including the avian
influenza outbreak in Asia that spread west throughout 2005 and early 2006. Despite this and
other difficulties, poultry and eggs continue to be a hugely important source of animal pro-
tein, with poultry meat production, consumption and trade all increasing steadily since the late
1990s. Although the category of poultry covers many different species, including ducks, geese
and ostriches, chicken and turkey are farmed for their meat much more than any other, with
chicken alone accounting for over 85% of all poultry meat produced worldwide.

The continuing steady rise in human population, particularly in Asia has helped poultry
meat and egg consumption increase consistently over the last few years. The rise in popularity
of poultry meat can also be attributed to its versatility, relative low cost in comparison to other
meats and the acceptability of poultry meat to all religions.

Worldwide, pork and poultry meat consumption grew steadily at the end of the 1990s and the
beginning of the 21st century while beef and veal consumption remained relatively stable. Beef
and veal production rose 5% in the first five years of the 21st century, while pork and poultry
production both increased by 10%. In comparison to other meats, global demand for pork has
remained steady for over 25 years. In this period of time, around 40% of all meat eaten has
been pork and this level of demand is expected to remain for the foreseeable future at least. The
biggest change in demand for meat in the last 25 years has been in poultry and beef. In 1980
beef was the second most favoured meat behind pork, almost twice as popular as poultry meat.
Since then, the popularity of poultry meat has increased far beyond that of beef, with the result



The poultry industry

Table 1.1 | Worldwide meat production (million tonnes)
2000 2001 2002 2003 2004 2005
Beef 50.3 49.6 51.2 50.1 51.3 52.0
Pork 81.8 83.6 86.5 88.9 90.7 92.5
Poultry 55.3 57.1 59.0 59.0 60.7 63.2

Source: United States Department of Agriculture, Foreign Agriculture Service.

. Table 1.2 | World poultry meat production (million tonnes)

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

World 50.9 54.7 56.4 59.8 62.4 65.4 69.2 72.0 746 764 782
Africa 2.2 2.4 2.5 2.7 2.8 2.9 3.1 33 34 3.4 35

North/Central ~ 15.9 16.7 17.5 18.2 18.6 19.7 20.3 20.9 215 218 224
America

South America 6.1 6.9 7.0 7.5 8.1 9.0 9.8 10.3 1.0 116 127

Asia 15.4 17.2 17.7 19.4 20.3 21.2 233 241 251 26.0 2538
Europe 10.7 10.9 1.1 1.3 1.9 11.8 1.9 12.5 12.7 12.7 12.9
Oceania 0.6 0.6 0.6 0.7 0.7 0.8 0.8 0.8 0.8 0.9 0.9

Source: Executive Guide to World Poultry Trends (Watt Publishing).

being that poultry meat is clearly the second favourite choice globally behind pork, with a figure
of 30%. The popularity of beef has slipped from 34% in 1980 to 26% in the year 2000 and this
fall is expected to continue during this decade and into the 2010s.

The international meat trade continued to grow in the period 2000-05, with beef, pork and
poultry meat imports all rising, albeit steadily in the case of beef and pork, with increases of 2%
and 3% respectively (Table 1.1). Poultry meat imports rose by 12% in the same time, particu-
larly to the developing African markets. Pork exports grew more quickly than other meats, up
over 50% in 5 years, double the rate of both poultry and beef. The main exporters contributing
to this were Brazil, China, Canada, the EU and the USA.

Global poultry meat production has continued to rise steadily in the last decade. In 1995 the
total amount of poultry meat produced was around 55 million tonnes, with the 2005 figure
coming in at 45% more, over 80 million tonnes. The continents of North America and Asia
account for over 60% of all poultry meat produced around the world. Europe has seen a steady
rise year on year, while South America has seen output almost double in the same time. Fewer
than 10 years ago, poultry meat production from the developed countries far outweighed that
from their developing neighbours. Now however, the situation is reversed, with the developing

nations accounting for around 55% of world poultry meat output (Table 1.2).

Chicken meat accounts for more than 86% of all poultry meat produced globally, with every
region, Africa, North and Central America, South America, Asia, Europe and Oceania, showing
steady growth in production throughout the 1990s and into the new century. In 2004, almost
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1| GENERAL OVERVIEW

4.7 billion chickens were slaughtered worldwide, 36% in Asia and 25% in North and Central
America, the two largest producers of chicken meat. There are three major nations that contrib-
ute more than any others to the chicken meat industry, and they are the USA, China and Brazil.
Between them, they account for half of total worldwide chicken meat production, amounting
to over 33 million tonnes in 2004.

Turkey meat production accounts for just over 6% of global poultry meat production.
Output increased steadily throughout the 1990s, reaching a peak of almost 5.5 million tonnes
in 2002, before starting to decline. The main regions for turkey meat production are North and
Central America and Europe, which account for 90% of the world total. On a country basis,
almost half of all turkey meat produced comes from the USA, with France (13%), Germany
(7%) and Italy (6%) being the other main contributors.

World duck meat production has increased consistently in the last 10 years, with a rise of
around 70% in that time to the 2004 level of 3.25 million tonnes. Asia is the major producer,
with over 80% of all duck meat originating from this region. China alone accounts for 60% of
world production, with India, Vietnam and Thailand also relatively large contributors. Outside
Asia, the largest producer is France, with around 8% of total production.

Goose meat accounts for less than 3% of all poultry meat output. Like other poultry meat,
goose meat has seen a steady increase in production levels in recent years, with output in 2004
double that in 1994, at 2.13 million tonnes. China accounts for over 90% of all production,
with only Hungary and Egypt producing significant volumes. Other poultry, such as guinea fowl
and quail, are also farmed for meat in some countries but the quantities are extremely small.

Between 1992 and 2002, global poultry meat consumption per capita increased at a steady
pace, rising 42% to the global average of 11.7 kg. In terms of tonnage, almost 56 million tonnes
of broiler meat was consumed in 2005, 40% of which was eaten in China and the USA. Each
individual region showed similar growth, with North and Central America up 25%, Europe
and Africa both up 30% and Oceania’s consumption increased by 36%. Just as in poultry
meat production, the largest growth was seen in South America and Asia, with 76% and 73%,
respectively. In the early part of the 21st century consumption dipped, mainly because of the
outbreaks of avian influenza. Asia particularly suffered, with consumers reacting to the fact that
humans could contract avian influenza and the related human deaths that occurred. As avian
influenza moves further west towards Europe, consumption in other regions is likely to fall as
there is a direct correlation between the proximity of avian influenza and consumption. For
instance, consumption in Spain dropped only slightly when avian influenza was reported in Asia
but during the outbreak in the Netherlands in 2003, consumption dropped dramatically. It is
unlikely, however, that long-term consumption will be badly affected, unlike the huge decrease
in beef consumption after the bovine spongiform encephalopathy (BSE) crisis in the 1990s.
Evidence of this is backed up by looking at the examples of Thailand and Indonesia, both of
which saw substantial drops in consumption following avian influenza outbreaks and related
human deaths. Thailand’s consumption dropped in 2003 and 2004 but is now on the increase
despite higher domestic pricing. This increase in consumption is due to returning consumer
confidence in product safety and the continuing competitiveness of poultry prices in compari-
son to beef and pork. In Indonesia, avian influenza-related human deaths in July 2005 caused
consumption to drop 20% in a month but by August 2005 both poultry meat purchases and
consumer confidence had began to increase. Consumers very quickly returned to their normal
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buying and eating habits and the decline was very brief and did not have a negative effect on
annual consumption, which in fact increased by 2% from the previous year.

Turkey meat consumption remained fairly constant through the first 5 years of the 21st cen-
tury, falling slightly from 2.56 million tonnes in 2001 to 2.51 million tonnes in 2005. Between
them, the USA and EU consume around 85% of all turkey meat. Outside Europe and the
Americas, turkey meat is only eaten in significant amounts in South Africa and Taiwan.

World trade in poultry meat has grown very quickly in the last 10 years (Fig. 1.1). In 1995, over
5 million tonnes of poultry meat was imported by all nations combined, rising to more than
9 million tonnes in 2003. This is an increase of more than 70%. Exports increased even more
in the same period, going from 5.7 million tonnes to over 10 million, a rise of 75%. Europe is
the largest importer of poultry meat (including trade between EU member countries), closely
followed by Asia. These two regions account for over 80% of all imports. Europe is also the
largest exporter, with 32% of all poultry meat exports worldwide originating from the region,
although much of this is among fellow EU members, including the new additions to the EU.
The Americas also export vast quantities, with half of all world exports coming from North,
Central and South America. Asia also exports in substantial quantities, although trade was
affected by the outbreaks of avian influenza in the region, with major exporters such as China
and Thailand suffering large setbacks as import bans and tighter restrictions took effect. Exports
in Asia are predicted to increase again (for these countries) as they switch to supplying cooked
meat, which is not subject to the same regulations as fresh and chilled poultry meat.

The Russian Federation is by far the largest importer of broiler meat, with over 1 million
tonnes brought into the country in 2003, which in itself was 200000 tonnes less than was

o Russia
‘China S - n ary, %7 T
J?pan f < i\)’ China J pan
Singapore i)
Hong Kong Middle 0Hoﬂon
£ Vhaiard, g1iong
Y AT
A
Japan \ "f / -

Argentina o

PN N
Exports 2003 — 10.1 million tonnes — 13% of world production

Fig. 1.1 Worldwide poultry meat trade.
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imported in 2001. The other major importers of chicken meat are China, Japan, Saudi Arabia,
Mexico and Hong Kong. Imports into the EU have risen considerably in the last few years as
a result of the expansion of the EU. Broiler meat exports are dominated by two nations, Brazil
and the USA, which together provide 75% of all exports. The USA has long been the largest
exporter, dwarfing every other nation, but since 2000 Brazil has made remarkable improvements
to its industry and overtaken its rival to become the largest exporter in 2005. Both nations have
strengthened production and exports, responding to high demand within the domestic market
and rising international prices. Brazil, however, has a number of advantages over the USA in
terms of poultry production, with lower labour and feed costs and the falling value of the local
currency. Although the US dollar has devalued recently, Brazil is widely regarded as having the
lowest cost broiler production in the world, meaning that it is difficult for any nation to com-
pete on price with Brazil. The other main exporters are the EU, China and Thailand, although
the last two nations have suffered setbacks, as discussed earlier in this section.

Mexico is the world’s largest importer of turkey meat, with more than 150000 tonnes
brought into the country in 2003. The Russian Federation was previously the largest importer
but levels dropped by 30% in 2003. The other main importer of turkey meat is the EU, with
much of this being among fellow members. As far as exports go, the USA and the EU lead the
way with more than three-quarters of all turkey meat exports originating from these two areas.
Brazil has greatly increased exports in recent years, making inroads into the dominant position
of the other two areas. It is likely that this growth in Brazilian turkey meat exports will increase
so that they will be the major exporting country before long.

Duck meat is mainly imported by Hong Kong, which purchased almost 60000 tonnes in 2002.
The other major importers are Germany and Japan. There is no dominant exporter of duck meat,
with China, Hungary, Thailand, Hong Kong and France all exporting relatively substantial amounts.

There are a number of important poultry meat-producing countries and areas that are wor-
thy of a closer look. Over 90% of all poultry meat produced comes from four geographical
areas — North and Central America, South America, Asia and the EU — and it is useful to study
the major nations in more detail.

USA

The USA is by far the world’s largest chicken producer. In 2004 over 15 million tonnes of
chicken meat was produced, 6 million tonnes more than China, the second largest producer.
While production levels have increased over the last 10 years, the rate of growth has been much
slower than that of the other countries in the top five. US production increased 25% between
1994 and 2004, compared with Brazil (108%), China (84%), Mexico (93%) and India (218%).
When looking at total consumption within the USA, chicken meat is the most popular meat,
followed closely by beef, with pork well behind in third place. Consumption of all meats is
predicted to continue to rise in the next 10 years, with chicken meat consumption increasing
at a faster rate than either of the alternatives. This is backed up by considering the predicted
retail prices of the different meats for the next 10 years. Broiler meat is already 40% cheaper
than pork and 60% cheaper than beef per kilogram. With broiler meat prices only expected to
rise 5% in the next 10 years there seems to be little doubt which meat will prove to be the most
popular in the foreseeable future. Americans eat more meat per capita than any other nation,
with almost 123kg per head consumed in 2005, made up of around 43 kg of beef and veal,
30kg of beef and 50 kg of poultry.

After being the leading exporter of chicken meat for so long, the USA was overtaken by Brazil
in 2005. Export levels had stagnated since the turn of the century and had actually fallen from
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the record high of 2.5 million tonnes in 2001 to 2.16 million tonnes in 2004. Export levels are
expected to increase to keep pace with Brazil in the next few years. The Russian Federation is
the largest importer of US chicken meat, with 30% of all US broiler meat ending up there, with
Mexico and Canada also large export markets.

Mexico

Mekxico is another country that has seen poultry production increase rapidly in the last 10 years,
with output levels almost doubling to 2.2 million tonnes. Production is expected to continue to
rise steadily in the next decade, and broiler output should top the 3 million tonne mark within
this time. The Mexican poultry industry has become more concentrated and modernized in
recent years, with more of an emphasis on integration. Domestic producers have struggled to
cope with rising demand for chicken in the country and, as a result, import levels have grown to
satisfy this increase. Imports have risen by 50% since the year 2000 to 350000 tonnes, although,
as domestic production levels improve, the increasing rate of imports will slow. Mexico is also
the leading importer of turkey meat, with more than 150000 tonnes brought in to the country
in 2005, compared with only 14000 tonnes produced domestically. Consumption of poultry
meat has increased quickly in Mexico in recent times, going from 12kg per person in the early
1990s to 27 kg in 2005. This rise has been driven by the increasing human population, the rela-
tive affordability of poultry meat against other meats, improvements in product quality and a
sustained marketing campaign highlighting the benefits of poultry meat.

Brazil

Brazil is one of the most important nations in the poultry industry, behind only the USA and
China in terms of poultry production (Fig. 1.2). The Brazilian poultry industry has really grown
dramatically in the last 10 years, with production more than doubling in this time, from just
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Fig. 1.2 Top 10 chicken meat producers 2004 (Executive Guide to World Poultry Trends (Watt Publishing)).
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over 4 million tonnes in 1995 to 8.7 million tonnes in 2005. This growth is expected to con-
tinue in forthcoming years, albeit at a slower rate, with production predicted to reach 10.6 mil-
lion tonnes in 2014, comfortably keeping Brazil in third place in the ranking, although still
substantially behind the other two nations. Production levels have increased as demand for
chicken domestically and internationally has risen. Consumption in Brazil is higher than ever
before, with the average person consuming 33 kg per year. Exports have also helped to acceler-
ate the growth of the Brazilian poultry industry, as producers have taken advantage of cheap
labour, low feed costs and the falling value of the local currency to provide cheaper chicken
meat than elsewhere in the world. Exports from Brazil were less than 900000 tonnes at the start
of the new millennium but within 5 years they had become the leading exporter of chicken
meat, overtaking the USA, with more than 2.5 million tonnes. In 1995 domestic consumption
accounted for almost 90% of Brazilian production but this figure had dropped to 70% in 2005
as the export market continues to grow, particularly to the lucrative markets in Europe, Saudi
Arabia and Japan. Brazil has traditionally had high levels of beef production and consumption,
with beef production almost double that of poultry and per capita consumption 20kg more a
decade ago. Poultry production is now level with that of beef and should increase at a greater
rate in the near future. Consumption too has almost caught up with beef, with the average
Brazilian now eating 33 kg of chicken and 35 kg of beef per year.

Asia

While the USA is the largest single producer of poultry meat, there can be no doubt that Asia
produces more poultry meat than any other continent. China, India, Japan and Indonesia are
all placed in the top 10 poultry meat producers list. Thailand too has in recent history been an
important producer, although production levels have dropped in the last 2 years as the effects of
avian influenza and increased barriers to export took effect.

The human population in Asia is expected to grow by more than 350 million in the next 10
years. As the population of North America is predicted to be around 350 million in 10 years
time, it is easy to see why Asia is considered to be a land of opportunity and great potential for
many of those involved in the poultry industry, such as breeding companies.

Chicken meat consumption per capita in Asia is very low compared with the other major
geographical areas. At present, average consumption per person per year in the region is around
7kg, as opposed to 19kg in Europe, 26kg in South America and 40kg in North America. The
world average is around 12 kg per person. Consumption levels have dipped in the last 2 years in
the region due to the avian influenza outbreaks, although levels are beginning to increase again.
When the outbreaks first occurred, many people were put off by the few human fatalities from
the disease but once it was realised that eating chicken meat didn’t cause this, consumer con-
fidence slowly started to return. Consumption is expected to return to and exceed that of the
pre-avian-influenza period.

Total meat consumption in Asia is dominated by pork, mainly because of the vast quanti-
ties eaten in China. Forty-seven million tonnes of pork meat was consumed in China alone in
2004, dwarfing the 9.5 million tonnes of broiler meat and 7 million tones of beef consumed.

Although Asia is an important region, it is worthwhile looking more closely at some of the major
nations within it, as this is where much of the future growth in the poultry meat industry will occur.

China

China is the second largest producer of poultry meat in the world, with output of over 10 mil-
lion tonnes of chicken meat in 2005, a rise of 80% in 10 years. This rate of growth is expected
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to slow in the coming years, rising to around 13 million tonnes by 2013. The vast majority of
production is used to satisfy demand from the domestic market, where consumption is currently
8kg per person. While this is a relatively low amount in comparison to other major nations
around the world, the huge population of China (1.33 billion, expected to rise to 1.37 billion
in 2010) means that even a rise in consumption of 100g per person would result in production
or import levels rising considerably. The processed broiler meat sector in China is expanding
quite quickly because of major investment and the increased demand for processed meat and
ready meals. This increase in demand has come from those living in the large and medium-sized
cities in China, who have seen income levels rise because of a property boom and increases in
manufacturing.

As well as being one of the largest producers of chicken meat, China is also one of the largest
importers and exporters. Only the Russian Federation and Japan import more, while only four
countries (Brazil, USA, the EU and Thailand) export greater quantities. Japan is the largest mar-
ket for Chinese exports, accounting for over half of all the chicken leaving China. The bulk of
China’s imports come from the USA, which is the only country able to sell poultry meat prod-
ucts for direct consumption in China’s retail sector. The avian influenza outbreaks in Asia have
affected exports, with levels down almost 50% since 2002. In order to regain consumer confi-
dence both domestically and internationally, the Chinese poultry industry has implemented a
range of new measures and regulations, including the adoption of new disease control methods
and safety standards, as well as new drug usage rules.

Thailand

Thailand was one of the major poultry-producing nations through the 20th and into the
21st century but production levels dropped dramatically in 2004 because of the avian influ-
enza outbreaks. In 2003 the country was ranked seventh in the list of chicken meat producers
with more than 1.2 million tonnes, yet only a year later they had slipped to 16th, with produc-
tion slashed by a quarter to less than 900000 tonnes. Most other nations managed to either
increase or maintain production, compounding the slip in rankings. Production of broiler meat
in Thailand is export-driven as some 30% of total production has traditionally been sold inter-
nationally, especially to the EU and Japan. With many of Thailand’s export customers restricting
imports, exports fell 60% in 2004 to 215000 tonnes. In order to avoid some of these restric-
tions, Thai producers began to export cooked meat, which was not subject to the same barriers
as fresh or chilled poultry. Many Thai producers invested in new equipment that allowed them
to shift production from fresh to cooked meat. This investment has not proved as successful as
anticipated, with demand for cooked meat much lower than predicted. Exports are expected to
increase, but it will take a number of years for them to reach pre-avian-influenza levels and it
could prove a very difficult few years for many Thai broiler producers. The effects of avian influ-
enza were also seen in domestic consumption levels, with consumption per capita falling from
14kg in 2002 to 8.4kg in 2004. Pork has regained its position as the most popular meat in
Thailand, although in the next few years demand for chicken meat should return to and indeed
overtake previous levels and become the number one choice again.

India

India has in the last decade come from relative obscurity to become the fifth largest poultry
producer in the world. Production levels have increased substantially in this time, rising over
200% to 1.65 million tonnes in 2004. All the chicken meat produced in India is for domestic
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consumption, which has doubled in the last 10 years. Meat consumption is still very low, with
only 3kg of meat per person per year being eaten, 1.5kg of both chicken meat and beef. There
is huge potential for growth in poultry production in India, as the human population has con-
tinued to grow quickly and is expected to reach almost 1.2 billion by 2010, a rise of around
10% in 10 years. Like China, if income levels increase, even slightly, then demand will increase
and production levels will need to expand to cope. India will be an important country in the
poultry industry in the years to come.

Europe

Europe was traditionally the third largest poultry-producing region behind Asia and North
America but in the last decade relatively slow growth has seen South America overtake it in overall
production. Poultry meat production increased by 15% in Europe in that time whereas the rate
of growth in South America was 110%. At the end of the 1990s, poultry meat production in
the EU was at record levels, with over 9 million tonnes produced in 1999. Production levels suf-
fered a setback in 2003 with the outbreak of avian influenza in the Netherlands, before climbing
back above 9 million tonnes the following year. The rise in poultry meat production was due to
an increase in chicken meat production, which reached a record high in 2001 before falling and
then picking up again. Turkey meat also reached record production levels in the same year before
falling but, unlike chicken, was unable to pick up, finishing 2004 12% down on 2001 figures.

The early part of the 21st century was a period of slow growth for the EU poultry industry.
Only Germany and Spain saw any real growth in production, increasing 46% and 35% in total.
Of the other major producers, only the UK showed any growth at all, 4%, with France falling
14%, the Netherlands down 8% and Italy down 6%. Outside Germany and Spain, the main
growth areas were in eastern Europe, where production levels in Hungary, Poland, Romania,
the Russian Federation and Ukraine steadily increased.

At the beginning of 2006, consumer concern over avian influenza lowered poultry meat con-
sumption in the EU. Prior to this, consumption had remained relatively stable in the EU, at 23kg
per capita, 4kg more than the European average. This was an increase of over 20% in less than
10 years. Pork remains the most consumed meat in the EU, with over 16 million tonnes eaten in
2004, more than double that of beef and almost two and a half times more than chicken.

Global egg production has increased consistently in the last 10 years, rising over 40% since
1994, from 41 million tonnes to almost 58 million tonnes in 2004. The number of layers has
also increased substantially in this time, up more than 30% to 5435 million birds. Egg produc-
tion is dominated by Asia, with more than 60% of all production coming from the region —
35 million tonnes in 2004. It is a similar picture in terms of layer numbers, with the region
accounting for 60% of world layers, or 3300 million birds.

It is interesting to note a study carried out by Dr Hans-Wilhelm Windhorst, Director of the
Institute of Spatial Analysis and Planning at the University of Vechta in Germany. He looked
at the 10 leading egg-producing countries between 1974 and 2004 and discovered interesting
regional changes (Table 1.3). The change in egg production has been quite dramatic in the last 30
years. The USA produced almost three times as many eggs as China in 1970 yet by 2004 China
was responsible for 42% of all global egg production (almost four times the current US figure).
The ranking also proves the dominance of Asia, with the five countries in the top 10 producing
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.Tahle 1.3 | Egg production rankings

RANKING 1974 1994 2004

1 USA China China

2 USSR USA USA

3 Japan Japan Japan

4 China Brazil Russian Federation

5 Germany India Mexico

6 UK Mexico India

7 France Germany Brazil

8 ltaly France France

9 Spain Italy Indonesia
10 Poland Spain Turkey

Source: Poultry International (Watt Publishing).

50% of the world total. The EU has also seen a huge change in fortunes in the last 30 years. In
1974 five countries were ranked in the top 10, now only France remains. The one positive note
for European producers, however, is that, although layer numbers have decreased significantly in
the last 10 years, egg production has actually increased slightly, proving how much bird perform-
ance has improved during this time.

The potential for the poultry industry in China is huge. With the current population of 1.33
billion people, which is expected to increase by over 40 million by 2010 and improving eco-
nomic growth, more people will be able to afford to eat better. As a result they will consume
more meat and eggs in their diet, increasing the size of the market, not just in China but glob-
ally as well.

Although Asian egg production has increased at a remarkable rate in the last decade, most
other regions have shown much slower growth, or, in the case of Oceania, no growth at all.
Layer numbers have risen in all regions in the same period, with the exception of Europe, with
Asia obviously showing the largest increase — up more than 50%. African numbers have increased
30%, North and Central America by 20%, South America by 13% and Oceania by 10%.

Consumer demand for protein is in line with economic development. As income increases,
people look to supplement their grain-based diet with protein foods such as eggs. When income
increases further, they will then demand processed meat and convenience foods. As a result of
this it can be difficult to increase egg consumption in developed countries, which is why the
main regions of growth in consumption can be found in Asia, where incomes in the main are
nowhere near the levels in regions such as North America, Europe and Oceania.

The global average consumption of eggs per person per year in 2004 was 8.4 kg. Consumption
has risen slowly in the last decade, in no small part as a result of the situation in Asia, where
consumption levels have increased by almost 50%. This huge rise was balanced by little or no
growth in Europe and Africa and declines in South America and Oceania. Consumption in
North and Central America stagnated in the early to mid 1990s but has recovered well, showing
year-on-year growth since 1997.
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Europe has traditionally dominated world trade in shell eggs, with Asia in second place.
Between them, the two regions account for almost 90% of all shell egg imports and over
90% of all exports. Europe alone is responsible for 63% of all imported shell eggs, with the
Netherlands, Belgium, Germany and France accounting for the bulk of these purchases. Asia
has seen exports almost treble since 1990 while Europe’s exports have fallen slightly in the same
period. World shell egg trade showed slight year-on-year growth in the early years of the 21st
century, with exports reaching the million tonne mark for the first time in 2003 and imports
doing likewise the year after.

Through a series of mergers and acquisitions in the 1990s, the number of broiler breeding com-
panies supplying grandparent and parent stock decreased from around 15 to only three or four
main companies with the ability to provide stock to international markets. In the main, these
companies are moving towards offering a range of products to suit all markets, with particular
attention being focused on the high-yield sector.

Breeding companies often supply stock into markets either directly as parent stock or through
supplying grandparent stock to a series of distributors. This grandparent stock originates from
pure line programmes run by the breeding companies. To ensure consistent progress and devel-
opment of their pure lines, genetic selection is used. Selection programmes are becoming more
and more sophisticated, with new techniques and technology such as X-rays and ultrasound
being developed to aid selection in all traits. In the past, selection was made to enhance progress
in conventional areas such as live weight, meat yield and egg numbers but with these new
methods it is now possible to select for traits such as skeletal strength, disease resistance and heart
and lung fitness. The latest selection technique to be developed is in the field of genomics, where it
is possible to identify specific genetic markers in chicken DNA that correspond to particular traits.

It is important in any poultry facility that biosecurity is looked upon as vital but in pedi-
gree stock it is critical that the highest possible standards of biosecurity are maintained, to pre-
vent any possible contamination of birds. Breeding companies have a duty to ensure that the
high standards of biosecurity demanded by the poultry industry are maintained in order to pre-
vent the possibility of vertically transmitted diseases and pathogens such as Salmonella infect-
ing flocks. With avian influenza now being at the forefront of governmental policy and public
thought, it is even more important than ever that extensive testing of pedigree and grandpar-
ent stock is carried out by the breeding companies and their distributors to meet tighter export
controls.

The veterinary needs of the poultry industry are mostly met by veterinarians who are poultry
specialists. Many of the veterinary inputs are key to the successful running of the poultry indus-
try and are tied in with needs that can be legislative or relate to inspection, auditing or accredit-
ation, for example: supply of prescription-only medicines, poultry meat inspection, health
certification for export, welfare inspections, compliance with animal by-products orders. Private
veterinarians work closely with and within poultry companies to deal with poultry health and
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welfare, and health planning. Pharmaceutical companies employ poultry veterinarians in sup-
port of their products.

There are now far fewer, but larger, poultry companies. This has tended to result in the align-
ment of some poultry vets with only one or with only a very limited number of poultry compa-
nies. Some companies employ their own full-time veterinarian; other companies keep a private
veterinary practitioner employed virtually full-time. The geographical spread of many com-
panies means that different veterinarians may be responsible for the health of poultry in dif-
ferent parts of the country. Indeed, some poultry veterinarians spend a lot of time travelling to
clients, who may also be in other countries, in which case there is likely to be a senior veterinar-
ian or company employee who coordinates the veterinary inputs and health programmes. Many
companies see the veterinarian as having a major role in advising on standards of biosecurity,
health status, welfare issues and product quality. These veterinarians are also vital to the investi-
gation of health and production issues and are likely to work closely with production managers,
quality control managers and senior management.

Government veterinarians are key to the control of health status in imported and exported
poultry stock. They also manage the quarantine process, both from a biosecurity point of view
and also by checking that certification is correct. Where an outbreak of a notifiable disease is
suspected, such as avian influenza or Newcastle disease, government veterinarians are central
to the control and eradication process. All poultry meat goes through an inspection process to
ensure that only suitable meat ‘fit for human consumption’ is supplied to the consumer. This
inspection is also the responsibility of specialist state veterinarians.

The investigation of diseases in poultry, unlike most other livestock, is usually based on post-
mortem examination and often followed up with histopathology, plus other specialist laboratory
methods such as bacteriology, virology and serology. Most poultry companies and management
systems generate a great deal of routine data. This is likely to include: mortality, production
records, condemnations at the processing plant, feed consumption, water consumption, plus
routine records of vaccination and the timing of management practices. The analysis of these
records is often a key part of health monitoring and any disease investigation. Within the gov-
ernment veterinary organization there are a few veterinary pathologists who have specialized in
poultry pathology. These people provide an invaluable referral service enabling the diagnosis of
many diseases.

All the data used in this chapter are available online and are constantly being updated. The sources that
were used are:

USDA Foreign Agriculture Service: www.fas.usda.gov

Watt Poultry Executive Guide to World Poultry Trends

Food and Agricultural Policy Research Institute (FAPRI): www.fapri.org

Poultry World — EU Facts and Forecasts 2005

The European Union Online: www.europa.eu.int/
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How to carry
out a field
investigation

There is no single ‘fits all’ protocol for the investigation of disease and production problems in
different classes of poultry. The approach taken will depend on the type of flock involved, the
nature of the problem and the experience of the person investigating it. In many cases the inves-
tigation will stem from the way in which the problem is presented. Often this takes the form of
submission of dead or ill birds for laboratory examination. However, in other cases the starting
point will be a request to visit the site where the problem is happening, or presentation of infor-
mation in written or verbal form describing an abnormality.

It is not the intention of this chapter to provide exhaustive lists of differential diagnoses, nor to
describe in detail how individual diseases may be diagnosed. Such information is covered by other
sections of this book. The intention is to provide broad strategies that may be used to ensure that
an investigation has as good a chance as possible of getting to the cause of a problem.

The chapter should be read in conjunction with Chapter 3, which provides an overview of the
different laboratory tests available to assist in this process. The diagnosis of poultry problems today
is perhaps not the straightforward business involving an infective agent that it was in the early days
of the industry. Problems are now often multifactorial in nature, with nutritional, environmental,
managemental and genetic undercurrents. Approaches to the use of epidemiological techniques in
investigating such problems are described in Chapter 41. Frequently the ill-defined origins of the
low-grade but economically important problems may tax or defy the investigator (e.g. a 5% drop
in production, shell quality faults, falls in hatchability, leg weakness syndromes or loss of perform-
ance). Such problems are frequently more difficult to cope with than classic diseases of an acute or
chronic nature involving diagnostic signs, mortality and morbidity.

Basically, there are two categories of problem investigation:
® The relatively straightforward diagnosis of some classical pathological condition. Often this

follows a post-mortem or other laboratory test. Here there is often also a specific treatment.

Examples of such conditions are coccidiosis, pasteurellosis and red mite infestation
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® The ‘in-depth’ investigation, either to find the underlying cause of an infectious problem or
to attempt to define and delineate a more vague, possibly multifactorial condition and deter-
mine its origins and remedy.

The development of, and adherence to, standard investigative routines for different problem

types will provide the best chance of defining the cause of a problem. Whatever the problem,

this type of routine is likely to make use of the following components.

Problems generally involve a departure of any measurable parameter from normal. This may refer
to anything from mortality numbers to the colour of pigment of a shell. It is therefore essential
that the investigator has a clear idea of what the norm is expected to be for the particular type of
flock or process being dealt with. In a few cases the problem may simply be an unrealistic expect-
ation of what normal should be.

There is considerable variation in the expected performance for different types of poultry
in different management situations. To some extent there can be no substitute for experience
in determining the subtleties of this. However, there is much published information that is of
value, in particular with regard to the established commercial hybrids that compose the majority
of industrial production. Here the breeding companies that produce these strains will publish
and regularly update targets for the various aspects of production. These companies are gener-
ally happy to provide copies of their publications and often have technical staff who have great
experience in how their birds will perform under differing management conditions. Examples of
such information are given in Figure 2.1, which clearly illustrates the contrast in egg production
numbers and persistence for a modern layer bird, broiler breeder and turkey breeder.
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Similarly, for meat production birds there is generally information relating to expected live-
weight gain, feed conversion efficiencies and expected mortality for different ages of bird.
However, a rule of thumb is that, for a well-managed flock, first-week mortality should not
exceed 1-1.5% and thereafter should never exceed 0.1% on a daily basis. For commercial tur-
keys, first-week ﬁgures may be slightly higher. However, having passed that stage any rise in mor-
tality is usually significant.

‘This is probably the most critical step of the initial investigation into the problem. The clinician
should aim to develop a mental or preferably physical checklist for each category of problem.
This series of questions should be methodically checked off in every case investigated. In some
cases the investigator may be able to fill in answers if familiar with the management practices of
the problem farm. However, it is good practice to reinforce ideas by questioning the farmer or
fieldsperson involved.

A list of key history points for different types of poultry is given below. While not exhaustive,
it should provide a useful basis, which may be modified to suit individual circumstances.

Fattening birds

® Site identification details

® Age (this is a critical piece of information as many problems in fattening birds are strongly
age-related)

® Age range on site (critically, is the farm a single or multi-age unit?)

¢ Number of birds involved and number on the farm (Are all the birds on farm affected or only
a subgroup? Often one shed or pen is affected, at least initially)

® Nature of the problem:

— If mortality is the problem, I collect mortality numbers from the affected group for
the previous 5 days and request weekly percentage figures for the period prior to that.
Additionally, a subjective impression of the number of sick birds should be sought. A brief
description of the signs of illness shown is requested. The last two points are relevant if the
flock is showing abnormalities without increased mortality

— If the complaint reflects a production-related matter such as poor growth or unevenness,
a brief indication of the extent and spread of the problem is sought (e.g. How far are they
behind target weight? Are all the birds affected?)

® Vaccination/medication history of the flock
® Any previous problems with the flock
® Anything unusual/change in management/what does the farmer think?

Breeding birds

The information sought for fattening stock is relevant. In addition, this category of bird has
the capacity to provide problems with egg production and hatchability. The latter may be pre-
sented as a hatchery problem. Often the investigator is introduced to the problem by a phrase
such as ‘failure to attain peak production’ or a 5% production drop’. In most cases some fur-
ther enquiry is necessary to fully understand the problem. Often this is best achieved by asking
to see a graphical plot of the flock’s production or hatchability against the standard normally
expected for that breed.
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Layer birds

With the exception of hatchability, production-related problems follow a similar pattern to
breeders, although the absolute numbers of eggs involved tend to be greater. In laying stock,
alterations to the physical appearance of the eggs have a particular significance.

Hatchery

The hatchery provides a testing environment for the investigation of problems. The difference
between acceptable performance and disaster can be very subtle. The mechanical systems and
procedures involved can be very complex and require specialist knowledge. The key area to
define initially is whether a problem involves all or several of the flocks being handled — which
suggests a hatchery-based problem. Alternatively, a problem related to a single flock would lead
the investigator to suspect a farm-based cause. The issues relating to investigation of a hatchery
problem are discussed in more detail later in the chapter.

Collection of a comprehensive history in many cases can lead the investigator to a very narrow
spectrum of potential causes. In some cases there may already be a ‘prime suspect’. As men-
tioned earlier, many poultry diseases are strongly age-associated and this often provides a useful
narrowing of the list of differential diagnoses.

Where the investigation is laboratory-based, it generally starts with the examination of sub-
mitted post-mortem samples.

Often the investigator must examine whatever post-mortem material is submitted. However,
it is important to be aware that the sample selection process may have a bearing on the inves-
tigator’s impression of the flock problem — a wrong impression of a situation may be gained
from necropsies carried out on improperly selected specimens, especially if the flock is not seen.
Sometimes site managers pick out a few of the ‘worst’ birds they can find and some of the ‘best’
birds, neither of which may be typical of the current problem. A few each of dead birds, live
ailing birds showing typical clinical signs and sometimes apparently normal birds may be exam-
ined in order to obtain a true picture. The owner may badly skew a sample by poor selection
(e.g. by removal of birds with conditions s'he recognizes) or by killing sick birds. Culled birds
may not be representative of the overall picture.

Where mortality is the problem, fresh, naturally dead material should be examined; if mor-
bidity is the problem, then carefully chosen, live, morbid birds are more representative of what
is happening. Usually submission of 8—12 birds represents a good initial balance between the
wish to be as comprehensive in examination as possible and the need to limit the time spent per
case. It should be borne in mind that additional samples can usually be procured on request.

Killing birds for post-mortem examination

It is important that the investigator is able to kill birds quickly and humanely. The following
methods may be employed.

Dislocating the neck

Small or medium-sized birds may be killed in this way but the method is not adequate when
the brain is to be examined histologically, as congestion of cerebral vessels ensues. The left hand
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holds the legs or, alternatively, the base of the wings together over the back, while the right hand
grasps the head with the palm against the back of the bird’s head, resting in the hollow formed
by joining the forefinger and thumb. The head is bent vertically upwards by the thumb under
the beak, while at the same time, the head is pulled firmly and steadily forward, stretching the
neck, dislocating the skull from the neck and breaking the cord. Stretching must stop as separ-
ation is felt (or the head will be pulled off the body); there will be a violent reflex movement of
the limbs for a while, during which time the base of the wings should be held or the bird should
be placed in a container.

In very young birds the neck may be suitably dislocated by pressure with the thumb against a
sharp edge (e.g. of a table), alternatively, by placing the neck between the two shafts of the han-
dle end of a large pair of scissors which are then fully closed.

Large chickens, turkeys and ducks may be similarly dealt with using a Burdizzo forceps.

Injection euthanasia

Pentobarbital solution or some other suitable anaesthetic agent may be injected intravenously,
or by the intracardiac, intrathoracic or intraperitoneal routes.

Inhalation euthanasia

Avian species are very susceptible to chloroform, which may conveniently be placed on a thick
cottonwool pad at the bottom of a narrow jar; the bird’s head is then placed in the mouth of
the jar. Care should be taken to allow air to enter the jar (i.e. the bird is anaesthetized and not
suffocated) and not to allow the liquid chloroform to fall on to the eye. Death soon follows
anaesthesia. This method may be suitable when histological examination of brain tissue is to be
carried out.

Post-mortem examination procedures: general

There is no single method for carrying out this procedure and descriptions can be found in
various texts. A suggested methodology is described here. However, many equally valid methods
exist. What is important is selecting a method that ensures that no system is overlooked.
Thereafter follow the same procedure each time. It is preferable to be able to lay out several car-
casses for examination at one time. This will allow, for example, an in-depth examination of the
initial carcasses to be followed by a more cursory check of subsequent ones where all appear to
have a similar condition. Alternatively, it is possible to refer to the initial samples if something
becomes apparent later in the procedure and recheck in the light of this. Notes should be made
while the birds are still on the table.

Blood sampling procedure

Blood samples are often taken prior to killing and submitted for laboratory examination. Blood
is commonly required for serological examination but may also be needed for estimation of cell
counts, haemoglobin levels, chemical analysis, microscopic examination or culture.

Blood sampling (for whole blood or plasma) in the fowl may be aided considerably by using
heparin solution, whereby a small amount is sucked up into the needle before starting to draw
blood. If heparin solution is used, the cells will rapidly settle out and clear plasma is obtained.

When serum samples are required, ready separation of the clot and serum may be ensured by
warming the sample after collection. In the field, a polystyrene box with either plastic bags or
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hot-water bottles will ensure an adequate temperature. Tubes that are turned upside down will
cause the clot to adhere to the bung, facilitating aspiration of the serum. If tubes are three-quarters
filled and placed on their sides, a larger surface area of sample is available, which increases serum

yield.

Intravenous technique

The brachial (wing) vein is usually used. The vein is exposed by plucking a few feathers from
the ventral surface of the humeral region. The vein will be seen lying in the depression between
the biceps and triceps muscles. Alcohol or saline on the skin facilitates visualization. The needle
should be inserted opposite to the direction of blood flow. The wing should be extended and a
19 (metric 1.10) gauge, 19 mm needle used. Passing the needle beneath the wing tendon may
facilitate puncture without damage but a haematoma may readily form, obliterating the vein.
Excessive suction should not be used or the vein will collapse. A small plug of air (e.g. 0.2mlL)
taken into the syringe prior to sampling acts as a pressure buffer, helping to avoid vein collapse.
For simple tests, such as for pullorum disease, the brachial vein is punctured with a sharp needle
and the blood is collected in a suitable tube.

The jugular vein may also be used. The bird is restrained, beneath the left arm in a right-
handed individual, with the head foremost and supported on the raised knee. The neck is held in
the left hand with the index finger holding back the mass of neck feathers, some of which may
need to be plucked from the vein path. The vein should be stabilized by digital pressure from
below. The needle is inserted either with or against the direction of blood flow. The right jugular
has a larger diameter than the left and is therefore usually used.

Cardiac puncture may be the method of choice where larger volumes of blood are required.
Specimens may be taken when a bird has been killed just prior to post-mortem examination
(i.e. when the heart is exposed and is still beating). In live birds the following methods can be
used, however to do so without anaesthesia is contrary to welfare principles.

The live bird is placed on its side with the left side facing the operator. A 20/22 (metric 0.9-0.7)
gauge needle is used. The site for insertion of the needle is determined by drawing a line at right
angles to the keel, at the anterior point of the keel, to the space between the first two ribs. Here
the heart may be felt beating and the needle is directed towards the anterior point of the keel.

Alternatively, the bird may be placed upside down, holding the legs in the left hand while
stretching the neck over the edge of the table. A 20 (metric 0.9) gauge needle is inserted along
the midline between the clavicles at the entrance to the thorax, directed posteriorly and down-
wards along the line of the keel bone. For older birds, a needle of 17 (metric 1.45) gauge, 5cm,
may be used. For ducks and geese, blood may be taken from the occipital venous sinus.

In day-old or young chicks, blood collection may be made direct from the neck after cutting
off or dislocating the head with scissors.

Information on the use of different blood-based tests is given in Chapter 3.

Post-mortem procedure

When specimens have been submitted alive, note is taken of any clinical signs and/or behav-
ioural abnormalities. This is of particular importance when investigating diseases with nervous
or locomotor signs.

It is important to examine and weigh the entire carcass before starting dissection. Check for
wounds, colour (e.g. jaundice) or pallor and also check for external parasites. This examination
is greatly facilitated by immersing each carcass except the head in a dilute solution of disinfectant.
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The carcass should now be laid on its back and the angle of the jaw cut through. With the
blunt point of scissors inside the oesophagus the cut is continued down the neck, thus exposing
the pharynx, oesophageal lining and interior of the crop for examination. The trachea is incised
down its length from the larynx and examined. An assessment of the size of the thymus gland
can be made at this stage.

Each leg in turn is drawn away from the body and the skin between the leg and the abdomen
on each side is incised, the legs are then bent outwards until each femur head is carefully dislocated
from its acetabulum. Care is required at this point, especially in young birds, to ensure that abnor-
malities of the femoral head are not caused by the post-mortem process. The joints of the limbs
may then be incised and examined for presence of abnormal amounts or changes to the nature and
colour of joint fluid. In addition, the major tendons around the hock joint should be examined
for evidence of damage or rupture. The synovial sheaths in this region should also be examined for
excess or purulent fluid. In young birds the heads of the long bones may easily be incised with a
sharp blade. This will permit checking for abnormalities of bone growth such as dyschondroplasia
or regions with abscesses. Multiple sections should be made at these points, as some of the lesions
can be quite small. The degree of bend and snap in the long bones should be assessed.

The muscle groups of the thigh should be separated to reveal the sciatic nerve, which can be
examined for evidence of change or enlargement.

The skin between the keel and the vent is incised transversely and the cut edge is reflected
forwards, exposing the whole ventral aspect of the body and breast muscles. Dehydration will
result in this musculature having a ‘sticky’ feeling and congested appearance. Visceral gout may
also be evident. Several diseases such as infectious bursal disease (IBD) also result in surface
haemorrhages being evident in this area. However, it should also be noted that haemorrhages
may result from agonal changes following cervical dislocation. The muscles of the thigh and
sternum, together with other sternal tissues, may be examined. The abdominal wall is incised
transversely between the keel and the vent; the breast muscles and rib cage are cut through on
each side with scissors or bone forceps forward to the coracoid and clavicle, which are also care-
fully severed, without cutting the large blood vessels. The sternum may now be removed from
the body, exposing the internal organs to full view. The softness or hardness of the ribs should
be noted during sectioning and may be examined for evidence of tumours or enlargement of
the costochondral junction seen with rickets.

At this stage the exposed organs should be examined in situ. The liver should be checked
for enlargement or discoloration. The serosal surfaces and air sacs should be checked for the
presence of purulent material. The appearance of the heart and pericardial sac should also be
assessed. Any ascitic fluid or effusions into the body cavity will also be evident. At this stage
swabs may be taken from exposed organs after searing the surface with a hot knife. Risk of sub-
sequent contamination during handling is thus avoided.

Following examination of the organs in situ, the intestine should be severed at the cloaca and
also anterior to the proventriculus, enabling the removal of the whole intestine. This may now
be examined along its length, both on its serosal surface and after opening along its lining.

Examination of the organs revealed after removal of the intestinal tract can take place. The ovary
and oviduct should be observed, with size, number and condition of follicles being noted in relation
to egg production. The kidneys may be examined. The sciatic plexus beneath the kidney should
be revealed by removal of kidney tissue by blunt dissection. The bursa of Fabricius should also be
checked for inflammation or changes in size. The heart should be incised and the valves examined.

The lungs should be examined and incised to check for consolidation and pneumonia. Again,
cultures may be taken if appropriate. The nasal cavities and sinuses may be examined for the pres-
ence of exudate by cutting through the upper beak at the appropriate level with sharp scissors.
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The brain may be examined and removed for histological examination, if fresh, by remov-
ing the head at about the atlanto-occipital area and reflecting the skin forward over the skull
and upper mandible. The skull may then be carefully incised in the midline with a sharp, firm
scalpel and then likewise transversely. The four quarters of skull bone may be reflected outwards
from the middle by grasping with suitable forceps, exposing the entire brain, which may then
be removed with small scissors, cutting the nerve attachments carefully. Alternatively, the brain
may be fixed in situ following exposure and then removed.

Examination of the spinal cord will require longitudinal section of the vertebral column. This
will allow a check to be made for abscesses, tumours or compressive vertebral lesions. A com-
mon point at which problems occur is at the T7/T8 junction close to the anterior edge of the
kidneys (spondylolisthesis and osteomyelitis, for example). Palpation of the vertebrae from the
body cavity can help identify problems here.

During the post-mortem examination tissue samples should be taken for histological and viro-
logical examination as required. At this stage it is possible that a tentative diagnosis can be reached
and further tests may be undertaken to confirm suspicions or eliminate possibilities. The precise
samples taken will depend greatly on the situation, the economic consequences of the disease and
often the need to consider the costs of additional tests undertaken. Commonly the following pro-
cedures form the next routes of enquiry.

Bacteriology

Often, simple direct plating of swabs on to media such as blood or MacConkey agar, followed
by aerobic culture, will suffice for isolating common avian pathogens. More sophisticated tech-
nique such as anaerobic culture, specialized media or selective enrichment procedures will be
required for certain organisms.

Parasitology
Coccidia

The serosal and mucosal surface of the intestine removed from freshly dead birds should be visu-
ally examined throughout its length for evidence of characteristic lesions of the various coccidial
species. Wet mount smears of mucosal scrapings from various segments of the intestine may be
examined for the presence of oocysts and schizonts. The presence of relatively low numbers of
oocysts or of a few intestinal lesions (particularly when associated with certain coccidial types,
e.g. Eimeria acervulina or Eimeria maxima) does not constitute evidence of clinical coccidiosis;
rather, it may represent a normal state of affairs, as relatively low numbers of oocysts and some
intestinal lesions are commonly found at the 20-40-day stage in broiler birds in the presence of
adequate levels of effective anticoccidial drug.

Other protozoa

Wet mounts of preparations should be examined for cryptosporidia, Histomonas, Hexamita
and trichomonads, for example. For flagellates these must be made from a freshly killed bird as
motility of the parasites is often lost soon after death of the host.

Worms

In the case of Capillaria the mucosal layer of the intestine should be scraped off, emulsified in
saline and examined in a strong light on a dark surface or under low-power magnification, or it
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may be sieved through a fine mesh first to remove debris. The double-poled, lemon-shaped eggs
should also be looked for in the faeces or inside female worms. Ascarid worms will be visible in
the intestine and Heterakis worms in the caeca when the intestine is fully opened.

Histology

Tissue for histology should be taken in thin slices and placed in 10% buffered formal-saline in a
ratio of tissue to fixative of 1:15.

Specialized techniques

Where samples are being submitted to another laboratory, for example for virus isolation or
polymerase chain reaction (PCR) testing, it is best to seek advice from the laboratory in ques-
tion as to the best samples to submit and whether any particular transport media or precautions
are required. In all cases it must be taken into account that there are regulations covering how
pathological samples are packaged. Additional legislation often pertains where the samples must
cross a national boundary.

Discussion up to this point has been written primarily from the perspective of a laboratory-
based examination; however, the majority of the techniques described so far can be used on site
as part of a farm-based investigation. A site investigation will be focused by the problems par-
ticular to the type of stock involved. Special features of particular relevance to the main types of
commercial poultry enterprises will now be considered in more detail.

Numerically, broilers form by far the largest group of poultry farmed commercially. The genetic
potential of the modern hybrids for rapid growth, efficient food conversion and production of
meat is quite phenomenal. In spite of this, the fact that mortality rates are if anything on the
decline is a tribute to the advances made over recent times in the fields of poultry genetics,
nutrition and husbandry techniques. However, the characteristics of this type of bird impose
a requirement for high standards in all aspects of the bird’s care. Often an incidence of disease
is secondary to a failing in some aspect of management of the flock. This may be a failure to
provide the correct physical environment or nutrition or a deficiency in the vaccination pro-
gramme of the broiler flock or parents from which the flock derives.

Investigation of a problem involving morbidity or mortality

Most of the methods used to investigate a problem in this type of flock have already been
described. The importance of the age at which the problem occurs is especially relevant in this
type of stock. The problems of early life such as yolk sac infection are followed by second-week
issues such as chick anaemia agent. In the following week, with the waning of maternal anti-
body, viral diseases such as IBD come to the fore. Finally in the older bird there may be sec-
ondary bacterial disease, primarily Escherichia coli infection, which represents the end stage of
various infectious or environmental insults. Elucidation of the causes of the problem will depend
on a combination of pathology and the use of appropriate laboratory tests. These tests are often
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serological. More recently, PCR tests have proved useful in pathogen detection. Virus and bacte-
ria isolation may also be appropriate. It should be mentioned at this point that the short life of
the broiler can cause difficulty with serological tests. Often the bird is killed before antibody titres
have a chance to develop. Remaining maternal antibody can confuse results from samples taken
carlier in the flock’s life. A useful technique is to retain a few birds in isolation after the main
flock has been depleted. These can be subsequently tested when titres are more fully developed.
Alternatively, suitable (e.g. specific pathogen-free, SPF) sentinel birds can be placed within a flock
and later checked for evidence (such as rising serological titres) of exposure to pathogens.

As previously mentioned, deficiencies in the physical environment of the bird can give rise to,
or exacerbate, the effects of mild infections. As part of any site-based investigation, time should be
dedicated to the assessment of this area. It is important to base opinions on time spent observing
the flock (as opposed to reliance on written or computer-generated information). As many senses
as possible can be used in this respect. How does the flock behave? Are birds huddling together or
clumping near heat sources? Does the flock sound normal? For example are there any coughs or
unusual respiratory noises? Alternatively, is the flock unusually quiet? The sense of smell is useful.
Are levels of ammonia or dust excessive? Does the litter have an abnormal odour? Examination of
farm records is important. Have there been changes to feed or water consumption?

Once again a mental or physical checklist of points will help to ensure that items are not
missed.

Investigation of suboptimal performance

In many respects investigation of a problem of excess mortality is the most straightforward prob-
lem that can occur with this type of stock. It can be much more difficult to pin down a cause or
causes where the problem is that of suboptimal performance, for example in liveweight gain or
feed conversion. In many cases the effect may be due to a subtle interaction of several factors.
Elucidation of the precise cause may be impossible and the only option left is to make changes
that address possible causes of the problem and await a response. There is a great temptation to
assume that isolation of a particular virus or discovery of a titre to a particular organism has dem-
onstrated the actual cause. Remember, however, that it is unusual to carry out extensive investiga-
tions on flocks that are normal. These flocks may also have yielded similar results to those found
during problem periods. It is obviously impossible to demonstrate in every case that a proposed
causal agent is beyond doubt the cause; however, a healthy scepticism should be maintained
where evidence is incomplete.

In general the depth of investigation should be determined by the severity of economic loss
stemming from the problem. It is normal to kill a sample of birds from affected flocks for post-
mortem examination. Particular attention should be paid to checking for evidence of subclinical
coccidiosis problems. Using one of the lesion scoring systems that have been developed can be
helpful.

Where concerns exist about the flock’s environmental conditions I have found an electronic
data logger to be a useful and relatively cheap aid. This may be set to measure environmental
conditions such as temperature at preset intervals over long periods. Information gathered in
this way can be quite revealing at times, especially in providing detail of what is happening at
night when flocks are unsupervised.

It is also useful to carry out a basic analysis of the feed the flock has received. Where samples
have been retained from previous feed deliveries, these may provide historical information. It
is essential that sampling follows a recognized procedure in case of subsequent dispute. This is

described below.
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Taking a feed sample

When sampling any kind of feedstuff (e.g. premixes, concentrates, complete feeds) it is essential
that samples are taken in a correct manner in order that the sample used is truly representative
of the material sampled. Failure to do this renders laboratory analysis or examinations valueless.

Feed samples should not be taken from feed troughs or from under heaters.

The principles of sampling are that from sampled portions (units) of the material, an adequate
number of incremental samples are pooled and mixed to form an aggregate sample, from which
the final sample is taken. It is a sound practice to hold part of the final sample in storage for ref-
erence as needed. Incremental samples may be taken from bulk or bagged material by the use of
a sampling spear.

Often the correct procedure is defined in national regulations but in general the method of
reducing an aggregate sample is as follows: the material is heaped to form a ‘cone’, which is then
flattened and quartered. Two diagonally opposite quarters are rejected, the remainder is mixed
and the quartering and rejection continues as necessary.

Sampling tables indicate the number of incremental samples required for a representative
aggregate sample (e.g. if sampling 4-5 tonnes of material, then not less than 10 incremental
samples are required).

Investigation of wet litter problems

Problems of this nature are common in broilers. Causes may be managemental, nutritional or
other. Poultry managers sometimes confuse ‘enteritis’ and ‘diarrhoea’: enteritis is inflammation
of the intestine (e.g. as in coccidiosis), diarrhoea is frequent evacuation of watery faeces — often
the cause is nutritional.

Poultry faeces

Enteric faeces are normally brown or fawn in colour, with a white urate cap, evacuated 12-16
times in 24h. Caccal facces are usually dark brown in colour, semi-liquid, often looking like
dark sauce, evacuated only once or twice daily but influenced by the diet. Do not confuse caecal
faeces with diarrhoea.

Management

Normal litter should be of uniform consistency (i.e. the surface not markedly different from the
subsurface) and it should be friable (i.e. it should crumble when moved about). In a temper-
ate climate, when ‘working’ correctly and squeezed in the hand, the litter should hold its shape
momentarily and then crumble. This ‘working’ is brought about by bacterial action in the litter.

In contrast, ‘wet litter’, when squeezed in the hand, retains its shape and exudes moisture.

Water content varies with the age of bird and climate: in a dry, hot climate 5-10% is normal.
In older birds ‘good’ litter is typically 10-30% moisture.

The term ‘wet litter’” may sometimes be used to mean only surface wetness, stickiness or greasi-
ness, while the litter below may be dry. This is often called ‘capped’, ‘sticky’ or ‘greasy’ litter.
The surface may dry out, forming a hard crust on top of the dry ‘new’ litter beneath (i.e. the
litter is not uniform and friable as it should be). Such a litter condition should be avoided by
good management or promptly dealt with if it is seen to occur. When areas of litter are wet or
sticky, birds will wish to avoid sitting on them; therefore the birds’ body heat is not available in
that area to get the litter bacteria working and the situation deteriorates. These areas must be



How to carry out a field investigation

promptly turned over by hand or mechanically so that ‘new’ dry litter from beneath the cap is
left on top. Alternatively, fresh litter should be added on top by hand after turning, in order to
encourage birds to use the area. Then body heat helps bacterial action and the litter will begin to
‘work’. Necessary adjustments should also be made to ventilation, air flow or house temperature
to help resolve the situation.

Good broiler house managers will always be on the lookout for early signs of wet litter or
patches of wet litter developing and will take prompt action, as described above.

Attention should also be given to drinkers. ‘Bell type’ drinkers should be set at the correct
height for the age of the bird (shoulder level) and with correct (not too deep) water levels in
them (not more than 12.5mm) in order to avoid spillage. Drinker height should be adjusted
frequently. Nipple drinkers are less inclined to cause spillage but again the height and pressure
require careful adjustment. This type of drinker is not suitable for all types of poultry (e.g. older
turkeys).

Control of environment, with the correct balance between house temperature for age, heat
input and air flow, is essential in producing good litter.

Note that 1000 mature birds excrete half a tonne of water per day — this must be removed
by ventilation. Removal of water by this means is more difficult in cold weather than in warm,
because ventilation rates may be reduced to conserve heat. In addition, gas heaters can contrib-
ute to higher humidity. Adequate ventilation and heat input must be maintained until the birds
are big enough to produce enough body heat to keep the house warm.

Nutrition and wet litter

Water is an important constituent in nutrition. The fowl kidney excretes normal urine in a con-
tinual flow that collects in the anterior cloaca as a creamy, thick, mucoid material abundant in
urates, which separate out as a semi-solid mass (appearing as a white cap on excreted faeces). A
‘flow-back’ system along the colon from the cloaca (to as far forward as the caecum) permits
water and electrolyte resorption if required (in this so-called ‘integrative segment’ of bowel),
playing an important part in electrolyte balance.

Thus, any factor that increases water consumption will increase the likelihood of wet litter. For
example, restriction of feed in replacement breeders tends to cause increased water consumption;
thus, water is limited also. Boredom or need for ‘gut-fill’ causes excessive water consumption,
diarrhoea and wet litter. Excessive dietary salt leads to polydipsia, followed by excessive urine
flow with no conservation effort in the ‘integrative segment’; this in turn will cause loose drop-
pings or diarrhoea.

Drinking water should be of good quality and care must be taken regarding mineral content.
Drinkers should be regularly cleaned to avoid microbial build-up.

The mineral level of feed is also very important, especially the mineral cations sodium, potas-
sium and magnesium; sodium and potassium regulate body fluid volume. These three metallic
ions may act additively. Thus, excess sodium intake will cause increased water intake and excre-
tion, with increased faecal water (i.e. diarrhoea). A similar effect occurs with excess potassium,
of which there are high levels in potato meal, soya and molasses (beet molasses has twice the
level of cane molasses). Excess magnesium may be present, for example from dolomitic lime-
stone, which has a high level.

Chloride intake may be limited, in order to reduce water consumption, by partial substitu-
tion of sodium bicarbonate for sodium chloride.

Protein in excess, particularly protein of poor digestibility, leads to increased water intake to
allow the excretion of higher uric acid levels. Undigested excess protein may be fermented by
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bacteria in the lower bowel, leading to loose droppings and the condition known as ‘hock-burn’
in chickens. This has been associated with high levels of soya or other proteins.

Excess levels of undigested or indigestible sugars may lead to osmotic changes, lower bowel
fermentation and loose droppings, for example from skimmed milk, high levels of barley or rye
(which contain gums (pectins) with water-binding capacity), soya or tapioca.

Ingredients that are variable in composition may in themselves cause trouble at excessive levels
(e.g. guar meal, sunflower meal, tapioca).

The sudden introduction of new raw material ingredients should be avoided; such materials
should be ‘stepped in” gradually in order to allow time for digestion to adapt to the change.

Poor-quality fat, or fat that is poorly digested by poultry, will lead to diarrhoea or a soapy
scour and greasy litter. Hence, poor fat digestion may have a significant effect on litter quality:
greasy, capped litter may lead to hock burn, breast blisters and subsequent carcass downgrading.
Ether extracts from litter (from broiler birds about 6 weeks old) have shown marked differences
in birds fed good- and poor-quality fats (e.g. 2.5% and 7.5%, respectively).

Other causes of wet litter

Bacteria, viruses, protozoa and mycotoxins have been implicated. Courses of antibiotics, given
via drinking water or feed, may give rise to diarrhoea and, consequently, wet litter by disturb-
ance of the normal, stable gut flora of bacteria.

Consequences of wet or poor litter

These include the following;

® Excess ammonia in the house, because of fermentation of urea (urate in faeces) by urate-
splitting bacteria in warm, moist conditions

® Ammonia reduces appetite and damages the respiratory system and consequently predisposes
to infection (colibacillosis) and hence to poor performance

® Wet litter predisposes to greater coccidiosis infection and hence to poor performance (coc-
cidial oocysts mature more rapidly in damp conditions)

® Soiling of birds, breast blisters and ‘hock burn’ in broilers have significant welfare implica-
tions as well as resulting in downgrading of carcasses.

Production and egg quality problems form the types of abnormality most specific to this type
of poultry. Investigation of problems involving mortality or morbidity follows similar lines to
other poultry.

Egg production problems

Broadly speaking, management often plays as great a part in egg production as disease. The care
and attention to achieving correct growth rate during the rearing phase sets the tone for subse-
quent egg production. Hence assessment of condition at transfer to laying accommodation is
a very significant aspect of investigation, especially when disease is not suspected. See-saw egg
production graphs often indicate a managemental origin; causes are frequently multifactorial
and can be very time-consuming to investigate.



How to carry out a field investigation

In some cases no explanation can be determined for falls in production, especially less serious
ones. Transient falls in production of up to 6-8% may occur in layers for quite trivial reasons (e.g.
a reduction in feed consumption for 2-3 days), return to normal taking place after several days.

It may be difficult, or impossible, to determine if a 20% egg production loss is due to all birds
producing 20% less, half the flock producing 40% less or 20% of birds going out of production.
Where there are no clinical signs, it is necessary to find the birds that are not laying, which can
be very difficult. However, with birds in cages, each cage without eggs can be marked for three
successive mornings, using clothes pegs. Birds can then be selected from any of the cages with
three pegs.

If disease is suspected, it is important that any laboratory investigation carried out is relevant,
economically justifiable and meaningful. Preoccupation with disease, with a diagnosis based
on equivocal findings in one small set of blood samples, may well be misleading and unwise.
Alternatively, serological investigation may be an invaluable tool, particularly if it can be done
sequentially in time.

As described earlier, many of the problems with this type of flock arise from management
inadequacies. Emphasis should be placed on the following areas as part of the investigation.

Rearing management

Information on body weight during rearing should be sought, not only in relation to adherence
to target but also with regard to evenness. Checks should be made to ensure that all the birds
are of similar age and strain.

Light

The intensity, duration and evenness of light is a key factor. Light should not decrease in inten-
sity or duration during lay. Nor should increases have occurred before the correct stage at the
end of rearing. Considerable variation in light intensity can occur from tier to tier in cage
houses. In most cases flocks are dependent on artificial light sources controlled by time clocks.
Potential for disruption exists because of power failure, or the tampering or breakdown of these
units. A gradual reduction in light intensity can result from fused bulbs not being replaced
promptly or from a simple build-up of dust on light fittings. Leakage of external light into con-
trolled environment housing can affect the light programme the birds are receiving.

Feeding and nutrition

The correct make up of the feed is vital, as is the physical grist of the ration. As this type of flock
is often fed on a simple mash type ration, perhaps made on site, it is possible to see problems aris-
ing from incorrect formulation of rations, omission of an ingredient, mineral or vitamin supple-
ment. Problems due to separation of ingredients after mixing can occur. Feed distribution so that
all birds in the flock get equal access is also critical. Incorrectly adjusted feeders can result in birds
at the end of runs not getting their share. In many cases weighing samples of birds from different
areas of the flock, especially if caged, can reveal where this may be occurring. Problems can also
occur as a result of the introduction of high-calcium rearing rations too early to rearing birds.

Water

This is an obvious requirement for any flock. Interruption or inadequate supply will result in
serious falls in egg production. Such situations can occur because of leaks or pressure fluctuations
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(e.g. due to use of washing equipment elsewhere on the farm). Birds in cages at the ends of long
runs of piping may not be correctly supplied at times of high demand such as during warm
weather. Water quality may also occasionally be a problem.

Environment

Birds housed in cages are dependent on the conditions provided for them being correct as
they cannot move themselves to a more favourable situation. It is therefore essential, on both
production-related and welfare-related grounds, to ensure that temperature, ventilation, humidity
and ammonia levels are acceptable to the birds. It is important to ensure that in caged flocks the
situation within cages in different parts and levels of the house is monitored rather than simply
checking the general house environment. There is also considerable potential for management
failure and profound environmental stress in extensive systems.

Pests and vermin

Rats and mice cause nervousness, consume and spoil feed, damage the house, equipment and
insulation (causing fires), contaminate eggs and may bite hens on nests. Red mite causes irrita-
tion to birds and staff. Production losses will also occur and in heavy infestations death can
occur. Insertion of moistened card between crevices in equipment will readily detect this para-
site or its faeces. Other mites and lice can be an occasional problem. Flies and moths also cause
irritation to birds and staff and can result in moderate production losses (perhaps due to reluc-
tance of staff to spend time in houses).

Human factors

Changes in daily routines, timing, excitement, different staff (at weekends for example) can all
have an effect as can sudden noise and disturbance (planes, drills, lorries, dogs, etc.). Recording
systems and timing of counts must be similar day to day (so must egg collection times). On
occasions problems are the result of faking of records or simple theft of eggs.

Factors affecting egg quality

Table 2.1 summarizes possible causes of poor egg quality.

The modern broiler breeder is probably the most challenging of commercial poultry to man-
age. With this type of bird the aim is to maximize reproductive performance in terms of egg
numbers and hatchability in a bird whose genetic background is strongly slanted towards meat
production.

Management of this type of stock aims for a controlled but steady increase in weight during
rearing. This must be done in an environment that avoids stimulation of sexual maturity until
desired. This is achieved through a combination of weight control and restricted day length.
When the flock has achieved the desired age and weight profile it is stimulated to come into
lay by increasing feed allocation and providing a light stimulus. At this stage the flock is often
transferred to laying accommodation and males and females, which have been reared separately
until then, are ‘mated up’. Thereafter rapid increases are made in feed allocation until the birds
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. Table 2.1 | Egg Quality Problems

ABNORMALITY

Problem of shell quality

Soft shell, shell-less

Misshapen eggs

Ridged waist
(equatorial bulge
or 'body check’)

Corrugated eggs

Flat-sided eggs

Thin, porous or
soft eggs

Rough surface

Mottled eggs
Yellow shells

Cracked eggs

Loss of colour

Problems of the egg contents

Loose air cell

‘Blood’ and ‘meat’
spots

Abnormal yolk
colour

POSSIBLE CAUSE

Birds coming into lay; disease e.g. ND/PMV, IB, EDS76, ART, sulphonamides

Genetic causes; disease (ND/PMV, IB); older birds have higher incidence due to
inadequate oviduct muscle tone, insufficient protein in thick alboumen; birds coming
into lay, moving, and also as for ridged waist (see text below)

Uterine damage as egg starting to harden (i.e. in early calcification); activity in early
calcification (i.e. in late afternoon); excessive bird density; handling stress (adrenaline
(epinephrine) release)

IBV infection; experimental copper deficiency; lathyrism (i.e. beta-aminopropionitrile
(BAPN) in legume seeds such as peas (genus Lathyrus)) can induce shell abnormalities,
increased thin whites and reduced production (toxicity appears similar to copper
deficiency)

Abnormal uterine pressure in early calcification; possibly associated with 1B

Average thickness should be about 330pm in chicken and about 400m in turkey
(measure by micrometer). Genetics; nutrition — calcium or phosphorus lack or
imbalance, zinc, manganese or vitamin D5 lack; separation of feed ingredients, feed
intake inadequate; disease (ND/PMV, IB, EDS76, ART); excessive temperature; older
birds; disturbance at night; sulphonamides and other antimicrobials

Genetic; disease (ND/PMV, IB); sulphonamides; excessive calcium; young birds coming
into lay; older birds (loss of oviduct muscle tone); stress (adrenaline (epinephrine)
release)

Genetics; humidity extremes; cage marks on freshly laid eggs
High tetracycline level in feed

See above re. shell quality: genetic (not squatting to lay); stocking density; cage design
(cage floor, slope, sag, floor lip); collection method, handling; staff; shell thickness or
strength or weight per unit area

Genetic; disease (ND/PMV, IB, EDS76, ART); sulphonamides; nicarbazine, piperazine;
high temperature, high production; in free-range birds for unknown reasons (if shut in,
colour temporarily restored)

Rough handling; disease e.g. ND/PMV, IB giving rise to poor shell quality and ‘watery
whites’

Genetics; cold environment; marked temperature change; continuous light; older birds;
low vitamin K level (especially with sulfaquinoxaline), low vitamin A level; stress at
ovulation (30 min after oviposition); following epidemic tremor (for 1 month);
mycotoxins; infectious bronchitis

Pigment levels in feed (e.g. carotenoids/xanthophylls): oxidative breakdown of natural
and/or synthetic carotenoids: gossypol, a toxic phenolic pigment of cotton seed causes
mottled red or even olive colour. Malvalic/sterculic acids (cyclopropene fatty acids) from
raw or crude cotton seed oil or kapok seed meal cause release of iron from yolk,
leading to pink egg contents (and drastic reduction in hatchability, with dead early
germs and anaemia), ‘pink whites’ and putty-like, rubbery, ‘golf-ball’ yolks. Bacterial
contamination can give rise to green or brown discoloration. A similar discoloration
arises from unrestricted access to pigmented plants, lush spring grass or other animal
feed (e.g. when on free range)
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Variable yolk colour

Decreased yolk
colour (with
normal
carotenoid levels
in feed)

Mottled or flecked
yolk (a very

limited amount

of mottling is normal)

Cheesy yolk

Yolk taint
(acquired before
egg is laid)

Yolk and albumen
taint (acquired after
egg is laid)

Flat yolk

Watery white (Haugh
unit score should be
70; <50 is poor)

Pink white

Prominent chalazas
Ruptured chalazas

Prominent vitelline
membrane

Check that a source of carotenoids is available in feed. Commonly found after disease;
oxidative breakdown of natural and/or synthetic carotenoids or bad feed mixing
will have similar effects

Following flock disease, low feed consumption, intestinal parasites, mycotoxins
(aflatoxin, ochratoxin, T,); exposure to coffee bean seed (Cassia): oxidative breakdown
of natural and/or synthetic carotenoids

Stale eggs; excessive dietary pigment, improper pigment ratios, poor feed mixing —
oxidative breakdown of natural and/or synthetic carotenoids; excessive chilling; partial
freezing (e.g. free range); high storage temperature (yolks mottled, flaccid and fragile);
genetics; nicarbazine, ammonia, gossypol, piperazine, phenothiazine, gallic acid (nut
galls) or tannic acid (from bird-resistant sorghums)

Chilling of eggs (free range); raw or crude cotton seed oil, kapok seed meal

Genetics — a fishy taint due to lack of enzyme to convert trimethylamine (TMA) in
certain fish meals (and precursor sinapine in certain rape seeds) into the oxide; TMA
may also be released by action of enteric bacteria on excess supplementary choline;
robenidine, capelin meal (Icelandic herring), certain rapeseed meals; unsaturated fatty
acids (fish oils), moulds and certain seed dressings

Unsuitable detergents; storage near strong odours as the egg cools and respires

Nicarbazine; poor shell quality; watery white; high storage temperature, excessive
storage time; storage blunt end down; weak vitelline membrane

Genetic; disease (e.g. ND, IB); warm and/or prolonged storage; older birds; ammonia;
low protein in ration (also affects egg production and size) (NB. The thin white of a
newly laid egg is watery but the thick white is firm)

Raw or crude cottonseed oil; kapok seed meal; excessive iron in water or feed; bacterial
contamination

Associated with ‘watery whites’
Infectious bronchitis

False impression due to pale, opaque yolk (see ‘Decreased yolk colour’, above)

ND/PMV, Newcastle disease/Paramyxovirus; 1B, infectious bronchitis; EDS76, egg drop syndrome 76; ART, avian rhinotracheitis.

approach peak production. Post-peak, feed allocation is reduced gradually to avoid the birds
becoming overweight. It is also common to use mechanical systems to feed males and females
different amounts of feed and to automatically collect eggs. The vast majority of broiler breed-
ers are housed on deep litter. In addition to the requirements to lay fertile eggs, broiler breeders
must have received a suitable vaccination programme not only to ensure their own protection
from common diseases but also to pass protection in the form of high levels of maternal anti-
body to their progeny. As can be discerned, the process briefly described above is a complicated
one and great attention to detail is required to ensure success.

The investigation of infectious disease or production problems uses the same methods as
described earlier. It is common to have information from routine serological monitoring of
parent stock. This is very helpful during investigations. It is a valuable resource to collect and
freeze serum samples at intervals during a flock’s life, even if they are simply stored without
testing. This will allow a retrospective survey of titres to be carried out should it be necessary.
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As highlighted above, it is important to ensure that diagnoses are based on sound interpretation
of results, not, for example, on a single test result. In addition it is important to remember that
it is possible for titres in flocks to rise, especially to diseases against which the flock has been
vaccinated, without causing any abnormalities.

Broiler breeders can suffer from most of the conditions afflicting other domestic fowl. In add-
ition, deficits in management can give rise to particular problems. As the birds’ feed is restricted
through the majority of their lives, it is a key requirement that all birds get an equal chance of
receiving their allocation. If this does not occur the stronger birds will thrive at the expense of
the weaker. This will result in a large weight range between different birds in the flock. Much
of the management effort during rearing should be directed at achieving flock uniformity (e.g.
by continual grading of the flock). Measures of the evenness of the flock, such as percentage
evenness, or the coeflicient of variation (CV) are important. Typically a uniformity of 80% is
considered good (i.e. 80% of the flock is within 10% of the target weight). This correlates to a
CV of between 7 and 8. Information on this should be available in a well-managed flock and
should be sought during any investigation involving this type of stock. A flock with a large
weight range indicates either a deficiency in management or alternatively can follow on from
various disease insults (such as coccidiosis) to the flock during rearing. The use of attenuated
coccidiosis vaccines is commonplace and generally effective. The effects of an uneven flock will
extend beyond the rearing phase. Smaller birds will be insufficiently mature to respond when
stimulated to lay. Overweight birds are prone to egg peritonitis during early lay. The importance
of the rearing phase to the success of later flock production and health is self-evident.

During lay, as described for other laying birds, production drops can occur for various rea-
sons, infectious or otherwise. In general it is usually easier to find the cause of a large drop in
production. Often the cause of small drops in production can prove extremely difficult if not
impossible to determine. It is also quite normal for there to be no recovery in production fol-
lowing this type of drop, especially with the heavy meat hybrids. With broiler breeders it is
especially relevant that veterinary efforts are focused on prevention rather than cure.

ﬁvs

Much of what has been said previously regarding investigation of disease in domestic fowl
applies equally to turkeys. With this type of bird there are fewer recognized diseases and conse-
quently a smaller range of tests are available, serological or otherwise. Perhaps because it has
been a domesticated species for a shorter time, the turkey is generally a robust animal and will
thrive in quite primitive accommodation, particularly after 8 weeks of age.

Breeding birds are generally fed ad libitum throughout their lives and so are spared the efforts
required for broiler breeders in this area. During lay production drops can occur as a result of
infection with a variety of viruses, such as avian rhinotracheitis (ART), Paramyxovirus (PMV3)
and turkey haemorrhagic enteritis. Pig strains of influenza virus can produce dramatic losses in
production. Falls in production can also follow management failings, in particular inadequate
efforts to limit the tendency of the female to become broody, this tendency being exaggerated
during very warm weather.

Hatchability is often dependent on the skill of artificial insemination teams and this pro-
cess should be the first line of investigation if problems occur. Infectious diseases, in particular
Mpycoplasma species, are also of great importance in turkeys.

With regard to fattening stock, ART is of great significance in regions where this disease is
present. Secondary infections with E. coli and Ornithobacterium rhinotracheale are common
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sequelae to this virus. Other occasional problems include classical infection with bacteria such as
Pasteurella or Erysipelas spp. Viral conditions such as haemorrhagic enteritis occur, as do intoxi-
cations, especially with ionophores, to which turkeys are especially sensitive. Various unknown
conditions giving rise to the occurrence of wet droppings also exist. These may be investigated
as described for broilers but often without a conclusive result.

There is an increasing trend towards outdoor systems of poultry keeping. While it is perfectly
possible to manage such systems successfully, they do present considerable risks and challenges
to the manager. In some cases the problems can be heightened by a desire to combine a free-
range management system with minimal or no use of drug treatments.

Parasitic disease

This is an obvious risk where the birds have access to an environment that cannot be cleansed
and disinfected and where egg, larval stage or intermediate hosts of parasites can persist. In
many cases the land to which the poultry have access is limited to that closely surrounding a
fixed house. Opportunity to rest or rotate grazing is therefore restricted. All these factors will
combine to make parasitic disease of much greater consequence in extensive systems.

Diseases with wildlife hosts

Again it is evident that outdoor systems by their nature will allow contact between the farmed
poultry and free-flying birds and other wildlife. It is useful to minimize this contact by main-
taining feed and water supplies for the flock indoors. However contact will inevitably occur,
with inherent risks of transfer of infection. Avian influenza is a particular candidate for this
process. However, other diseases such as Mycoplasma infection and Newcastle disease can also be
acquired in this way.

Zoonotic infections

A risk of flocks acquiring infections such as Salmonella and Campylobacter must exist with free-
range flocks. The environment to which stock have access is less able to be disinfected between
crops and exposure to rodent, wildlife or insect vectors provides a route for infection. However,
the epidemiology can be expected to vary with the host, the location and the actual infection.

Investigation of problems within the hatchery with its complex interdependence between bio-
logical and mechanical systems can prove very daunting, especially for the newcomer. Specialists
in this field do exist and again poultry breeding companies and hatchery equipment manu-
facturers can provide useful contacts in this regard. As investigation of hatchery problems can
often involve factors outside the disease processes covered in this book, this area will be covered
in a little more detail. As elsewhere, a methodical and logical approach can often lead even a
relatively inexperienced investigator to a good understanding of where the problem may lie.
Once again a critical part of the process is understanding what is normal. Recent UK surveys
show that on average 83% of broiler breeder eggs and 82.5% of turkey eggs produce first-quality
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Table 2.2 | Hatching failures for broilers and turkeys (%)
BROILER TURKEY
Candling waste (infertile and early dead*) 7.0 5.0
Dead in shell 9.0 11.0
Culls 1.0 1.5
Total loss 17.0 17.5

* The “expected’ infertiles, measured as a percentage of the candling waste, will vary according to the
age of the flock (e.g. in chicken about 50% at 30 weeks of age, 70% at 45 weeks and 85% at 55
weeks of age).

. Table 2.3 | Major causes for hatching failures (%)

BROILER TURKEY
True infertility 20 30
Egg storage 25 14
Bacterial or mould contamination ('rots’) 12 8
Egg faults or shell damage 10 5
Incubation faults 5 6
Nutritional 10 15
Disease 10 17
Genetic 8 5

chicks or poults. The expected hatchability of a flock changes throughout its laying life, starting
at a low level and rapidly rising to a peak level from which there is a gradual decline. It is also
typical that heavy meat-strain birds tend to have lower hatchability figures.

Typical figures giving a breakdown of hatchability figures are shown in Table 2.2. It should be
noted that hatchability is generally taken to refer to the yield of viable chicks rather than being
a measure of all birds that emerge from their shells.

The major causes for eggs failing to hatch are shown in Table 2.3.

Investigation of a hatchery problem

Perhaps more than with any other branch of poultry medicine, this type of investigation is
dependent on an initial careful scrutiny of records so that there is a clear understanding of the
nature of the problem. It is important to be certain whether the problem is a general one affect-
ing all or a number of flocks supplying the hatchery. It is useful to bear in mind that, as with all
biological systems, the same insult may not result in the same degree of loss for all flocks. Thus,
for example, an excessive period of egg holding may have serious consequences for very young
or very old flocks (where egg size and porosity, respectively, will reduce survivability) but less so
for flocks in mid lay. However, it is generally possible to detect a measure of effect on all flocks
where a general hatchery problem is at fault. An additional possibility is that problems may be
associated with one or more setters or hatchers. Here examination of records over a period of
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some time may be required before such a trend becomes apparent. In some cases much useful
information can be gained if, as sometimes happens, eggs from one source are being hatched at
more than one hatchery.
Where a particular supply farm or farms appear to be implicated it is essential to gather as
much information as possible. Key points include:
Breed
Age of males and females
Details of disease history and medication on farm
Details of egg production, with special reference to depression
Feed and feeding details
Condition of litter or nest-box litter
Frequency of egg collection, both on farm and from the farm
Details of egg washing, dipping or fumigation
Floor egg numbers as a percentage of totals
Age of eggs set: oldest and freshest
Details of storage conditions at farm or hatchery — especially the ability to control tempera-

ture and humidity during egg storage.
In some cases clarification of these points may require a visit to the farm itself.

Examination of hatch debris

Having completed an examination of the records the next step is to carry out examination of
material from the hatchery. This involves examining retained eggs from hatch debris and exam-
ination of the hatch records will allow an estimate of the percentage of the total eggs set that
these form. There is a great amount of literature and guidance available to assist with carrying
out this procedure. For the novice the amount of detail available can be quite overwhelming;
however, illustrated embryo development charts are available for both chickens and turkeys, and
are very helpful.

It is often useful at the start of an investigation to use an extremely simple classification of the
causes of failure to hatch. I use the following categories:

Obvious embryonic abnormality (e.g. protrusion of the brain)

1. Early mortality — small embryo and egg membrane growth
2. Midterm

3. Late embryonic death

4. Clear eggs

5.

6.

Positional abnormalities (the normal position for the older embryo is with the head under
the right wing with the beak towards the air sac and legs in a ‘crouched’ position)

7. Obviously contaminated eggs with or without development

8. Cracked eggs.

With this simple categorization in mind, it is possible to examine the contents of at least 50
eggs selected at random from the hatch remnants for a particular flock. By placing the eggs in
lines on Keyes trays for each category, a virtual ‘bar chart’ of the number of eggs falling into
each category is quickly built up.

Embryonic mortality is generally highest in two peaks, at about 3-5 days (25%) and again
at about 18-21 days (50%). In the chicken, the association of ‘normal’” embryonic mortality
with age of embryo is approximately as follows: 0—4 days, 25%; 4-16 days, 10%; 16-21 days,
65%. In the turkey it is apparent that a higher percentage of midterm (18-24 days) deaths

occur.
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With the above figures in mind, coupled with the figures provided earlier in the section, it
should become readily apparent if the number of eggs in any category is unusually high. This in
turn can give a strong indication of where problems may lie. For example:
¢ Early death is frequently due to maladjustment at the critical period of formation of basic

organs (e.g. the blood system), which occurs in the first 3-5 days. About 30% of mortality

occurs in the first week, the main causes being physical trauma (jarring, often associated with
transportation, causing ‘loose air cell’), prolonged or poor storage prior to incubation, over-
heating or chilling, faulty incubation, improper fumigation, poor hygiene (e.g. shell migra-
tion of E. coli bacteria) and inadequate turning. Thus, in general, the causes are trauma or

stress to the egg, but nutritional factors relevant at this time of vascular development (i.e.

72-96h) may involve biotin or vitamin E.
® Midterm death may be associated with nutritional problems, in which case signs of nutri-

tional inadequacy may be present (e.g. vitamin B, deficiency causes clubbed down and

oedema). Knowledge of the exact pathology of nutrient deficiencies is quite scanty but it is
recognized that phosphorus and zinc may also be of significance in this period. Availability of
specific fatty acids such as linoleic acid may also have a significant role in hatchability.

¢ Late death towards full term and at hatching may account for up to about 60% of mor-
tality. Principal causes are incubation faults (temperature, humidity, ventilation), inadequate
turning, late transfer, infections such as Mycoplasma and prolonged egg storage. Nutritional
aspects of significance may involve vitamin B,, biotin, folic acid, vitamin B}, and manganese.

® Culls (i.e. second-quality chicks or poults removed after hatching) may occur in up to 1%
of chickens, resulting from malformations (old eggs), weak chicks (machine faults, late
hatch) or poor chicks (nutrition). In turkeys, incidence may be much higher than in chick-
ens because of unhealed navel (old eggs, high setter temperature, incorrect hatcher humidity)
and various defects, including leg abnormalities, undersize, deformity and distended
abdomen.

® Clear eggs, when examined at hatch, can pose some difficulty in determining which are
infertile and which represent very early embryonic death. Where a large number of such eggs
are found it is helpful to examine some eggs from the flock during early incubation (4-5d).

At this stage the signs of early development are much easier to distinguish. Where genuine

infertility is the issue, factors such as the following should be considered.

* Male infertility: for example due to interference by others during mating because of excess
numbers. Inadequate numbers of males can be a cause. However, provided that they are
healthy, a remarkably small number of males (e.g. 5-6 per 100 females) can sustain good
hatchability. Poorly selected or undernourished males can cause problems (10% below
weight leads to loss of fertility, 25% below weight leads to sterility). Males that are too fat
can arise from mismanagement of a separate-sex feeding system (i.e. males feeding from
female feeders). Infertility can also be due to males who are too old, or unhealthy because
of damaged combs and wattles causing difficulty in eating and drinking. Lameness due to,
for example, tenosynovitis and sore feet (pododermatitis, etc.) will also interfere with the
bird’s ability to mate successfully.

* Females can also have a role in fertility, again if they are undernourished or overweight.
Fertility will naturally decline during the course of lay. Infectious disease can also have a
significant effect.

* Husbandry issues: factors such as stocking density, inadequate feed, water or space allow-

ance can affect fertility, as can lighting patterns in rearing and lay.
Nutrition: this should be considered in conjunction with both production and hatchabil-
ity; in general, it has more dramatic effects on hatchability than on fertility.
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* Genetic factors: these can have an influence both on the innate fertility of particular strains
and on physical conformation, which can result in difficult mating,

e Temperature: high and very low temperatures depress semen production. High temperature
depresses feed intake, requiring higher vitamin and mineral levels.

o Artificial insemination technique: this is obviously critical where it is applicable. The inter-
val between inseminations, staff skill and care and how semen is handled during collection,
dilution and administration are all key factors.

* Drugs (especially at incorrect levels) and toxic chemicals: the following can have deleterious
effects — dimetridazole, furazolidone (compounds now banned in many countries), organic
mercurials (breakdown products of insecticides), inorganic mercurials, etc. The adverse
effect of nicarbazin, even at low levels, on hatchability is well documented.

® Cracked eggs normally result from poor handling at any stage from the farm, through trans-
portation to within the hatchery process. Insufficient frequency of egg collection on the farm
often gives rise to cracked eggs, especially with automated egg collection systems. Certain dis-
ease processes and physical stresses will result in thinner shells; however, visible deterioration
of the quality of the shell is usually also evident.

* Contaminated eggs most often stem from problems on laying farms. Possible causes include
poor floor egg management, poor litter conditions and insufficient frequency of egg collec-
tion. It is also possible for exploding eggs (‘rots’) to contaminate other eggs in the same incu-
bator. A target of less than 0.01% of eggs to be of this type is usual.

¢ Anatomical abnormalities can be genetic in origin or result from poor farm storage, rough
handling of eggs or faults in conditions during early incubation.

® Positional abnormalities normally arise from inadequate turning of eggs during incubation.

Gaseous environment and hatchability

Although encased in shells the avian embryo has similar respiratory requirements to other living
things. Optima for successful hatches are well known — oxygen concentration of 21%, carbon
dioxide below 0.5%. Adverse effects of noxious gases on hatchability are documented such as
methane (malformations), nitrous oxide (delayed, reduced hatch), carbon monoxide (embryo
mortality and brain damage due to hypoxia), automotive exhaust gases (greater effect on mor-
tality than carbon monoxide, with no gross abnormalities).

Control and fine-tuning of the gaseous environment and temperature during incubation is an
essential part of the management of any hatchery but is beyond the scope of this chapter.

Nutrition and hatchability

The importance of the nutrition of the dam is indicated by the fact that the egg must contain all
the nutrients needed by the embryo.

Development in the egg and for a week or more after hatching is, as far as fat-soluble vita-
mins and some other factors are concerned, reliant upon supplies from the yolk. Hence, defi-
ciency signs in newly hatched chicks or poults (and often within the next 7-10d) usually reflect
a breeder feed inadequacy rather than a relationship with the starter feed.

It is difficult to affect the relative protein, fat and carbohydrate content of an egg via the diet
of the hen but the concentration of vitamins and trace elements in her blood and tissues directly
influences that in her eggs. Hence, analysis of egg yolk to determine vitamin and other deficien-
cies in the breeder may be the preferred and more direct route than blood or tissue sampling of
the relevant hens.
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Even at acceptable levels of hatchability a proportion of dead-in-shell embryos may exhibit
‘nutritional signs’, as detailed above, as a result of individual variations in metabolism.

It is of basic importance to realize that hens can produce eggs with dietary levels of vitamins
that will not allow the eggs to hatch (except in the case of vitamin A deficiency, in which cessa-
tion of production occurs first).

Nutrient deficiencies may give rise to malformed embryos or reduction in hatchability but it
may be difficult to identify by examination of the embryo the nutrient deficiency responsible
for poor hatchability, since the time of embryonic death will often depend on the degree of
deficiency involved. Thus, it has been shown by experiment with pantothenic acid that, while in
extreme deficiency hatchability may be totally suppressed, in milder deficiencies a peak of early
mortality (1-4d) occurs but later peaks change according to the amount of pantothenic acid in
the diet. Most water-soluble vitamins have a similar effect.

In practice the nutrient deficiencies most likely to give rise to reduced hatchability, unless
adequate breeder supplements are used, are vitamin B, (riboflavin) and some others of the B
group (e.g. biotin), vitamin E, manganese, zinc and phosphorus.

Early death may be related to:
® Biotin
® Vitamin E deficiency (vascular lesions).

Later death (i.e. towards and around midterm) may be related to:

¢ Riboflavin (anaemia, oedema, micromelia, mesonephros degeneration and clubbed down)

® Phosphorus (no specific abnormalities)

® Zinc inadequacy (faulty trunk, limb, beak, brain and eye development — abnormalities asso-
ciated with development of the skeletal mesoderm).

Death, during the last few days and at hatching, may be related to deficiencies of the following:

® Vitamin B, (clubbed down, curled toe, micromelia, degeneration of the myelin sheath of
peripheral nerves, degeneration of embryonic Wolflian bodies)

® Biotin (chondrodystrophy, syndactyly, characteristic skeletal deformities, ataxia and chondro-
dystrophy in newly hatched chicks)

¢ Folic acid (chicks may be of normal appearance but die soon after pipping; in severe deple-
tion chondrodystrophy, syndactyly and parrot beak)

® Vitamin B}, (malposition, myoatrophy, chondrodystrophy, oedema and haemorrhage)

® Manganese (chondrodystrophy, parrot beak, globular head, cervicothoracic oedema, retarded
down feather and body growth, micromelia and ataxia in newly hatched chicks) — bone forma-
tion defects are probably associated with abnormal mucopolysaccharide in the organic matrix
of bone. Vitamin By, and manganese deficiencies may be associated with extreme reduction in
hatchability.

Nutritional deficiencies may be direct (i.e. due to inadequate supply in the feed). This can be as

a result of nutrients not being added, badly mixed or badly stored feed. Alternatively, dilution

by post-manufacture addition of cereals to formulated rations can be implicated.

Indirect deficiencies can be caused by antagonists such as mycotoxins, inadequate absorption
(e.g. parasitism or disease), underconsumption (e.g. overcrowding), or the result of an inappro-
priate drug inclusion.

While ‘nutritional deficiency lesions’ are commonly seen in dead-in-shell embryos, incorrect
feed manufacture is now seldom incriminated and definitive deficiencies of single nutrients are
rare. Instead, a miscellany of lesions suggestive of a number of nutrient shortfalls (see paragraph
above) is the commoner finding. It has also been reported that syndromes, which seem to mimic
the signs of certain deficiencies, may be evident despite adequate supplies of that nutrient in the
feed (e.g. a ‘clubbed down’ syndrome has been seen in flocks well supplied with vitamin B).
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Hatchery hygiene survey

This should include appraisal of the following.

® Hatchery design: flow of materials and personnel movement. In general, egg reception and
storage areas and setters are expected to be the ‘cleanest” area of the building. Any areas in
which injectable vaccines are prepared need to be especially clean. Chick ‘take off and stor-
age areas are potentially more contaminated. Wash areas for boxes and equipment are deemed
‘dirty areas’. Flow of air in the building should reflect this — air should flow from clean to
dirty. In a similar way, staff and equipment movement between clean and dirty areas should be
controlled.

® General hygiene: cleansing and disinfection methods and materials used in all areas within
the hatchery should be appropriate and effective. Fumigation is often a key component in
this process. Written schedules and checklists are a useful aid to supervision of this process.

® Bacterial status of various work areas can be assessed by various methods producing counts
of the total number of bacteria, moulds, coliforms and yeasts present on floors, walls, tables,
shelves, etc. Airborne contaminant counts can be obtained using special samplers or exposed
plates.

® Personnel: personal hygiene, clothing policy and hand-washing procedures should be
evaluated.

® Hatcher fluff: bacteriological examination can provide a useful indicator of the Salmonella
status of the chicks in that machine.
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Laboratory
investigation to
support health
programmes and
disease diagnosis

Laboratory tests are commonly performed by field veterinarians to confirm or exclude diag-
noses, to demonstrate freedom from infection (for health programmes or export certification)
or to monitor responses to vaccinations. The type of test chosen depends on what is being dem-
onstrated (evidence of the expected infection, toxin or lack or excess of a specific nutrient) and
status of the flock being tested. Further, there is little use in testing unless you are going to take
action based on the results.

Samples should be taken in tubes suitable for avian blood to clot and then held at room tempera-
ture overnight before separation of serum from the clot. Samples should be tested immediately
for agglutination tests and then stored for further tests if these are not going to be performed
immediately. Routine serological sampling with storage of sera for the life of a flock can pro-
vide a useful resource for retrospective analysis and allow comparison between affected and
unaffected flocks.

Use of antibody tests to support diagnosis

Demonstration of antibody simply shows that a bird has been in contact with a particular antigen
at some time in the past. It does not prove that a clinical syndrome is caused by the organism
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.1‘able 3.1 | Factors influencing the approach to serological testing of poultry
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REASON FOR NO. OF ADVANTAGES LIMITATIONS FURTHER COMMENT
SEROLOGICAL TEST
TEST SAMPLES
Diagnosis 10-60 Confirmation of ~ Seroconversion must be Serological variants may give
infection demonstrated. Timing of ~ problems in some areas. A
supporting sampling is important back-up test based on a
diagnosis different system (e.g. virus
isolation) is useful for
confirmation
Health 60 Confirmation of  Tests were often Testing is usually designed to
programmes freedom from developed to monitor give 95% confidence that
(and export infection SPF flocks. D-SP* and infection of 5% of the
certification) D-SN' may not be animals would be detected
suitable for testing field
samples
Vaccination 20-30 Confirmation of ~ Wild-strain infection Serum antibody is not always
response vaccine 'take’ cannot be differentiated correlated with protection.
and prediction from vaccine response. Mean titres and some
of maternal Blocking ELISAs are not estimates of variation are
antibody intrinsically good at needed. Graphical represen-
quantifying antibody tation of data is useful

*D-SP Diagnostic specificity: the proportion of known infected animals that test positive in the assay. 'D-SN Diagnostic sensitivity:
the proportion of known uninfected animals that test negative in the assay; ELISA, enzyme-linked immunosorbent assay; SPF, specific
pathogen-free.

associated with the particular antigen. For example vaccinated flocks will have antibody from
vaccination. Natural infection could also have occurred earlier and not be associated with the
clinical syndrome. Paired serum samples (taken at the time of clinical disease and then in con-
valescence) provide the most convincing evidence of seroconversion and association of an agent
with the clinical signs being seen.

The number of samples needed to be taken will depend on the reason for testing and test
characteristics. This is summarized in Table 3.1.

For diagnosis, 10-60 samples per group should be taken. Smaller numbers can be taken from
marked birds during paired sampling as demonstration of the seroconversion of individual
birds is then possible. More samples are required to show an overall decrease in the number of
seronegative birds. The testing of broilers for seroconversion is difficult because of their short
life span. Some birds may be grown on to allow clearer seroconversion to be demonstrated or
another testing methodology could be used. This is particularly a problem when determining
the Mycoplasma status.

For confirmation of freedom from infection a maximum of 60 samples per group is needed
to give 95% confidence that infection of 5% of the animals would be detected. In this case the
observation of one positive result defines the group as infected. In some tests such as Avian
leucosis virus J-strain (ALV-]) antibody there is an increasing rate of false-positives with age of
the flock and therefore the number of positive reactions is usually assessed from 90 samples
and interpreted with age and confirmed by virus isolation. This sort of testing can be part of
an eradication programme. Day-old chicks and young birds will also have maternal antibody
to various agents and this needs to be considered as it may be from vaccination of parent stock
rather than wild strain infection.
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For vaccination responses 20-30 sera per group are usually tested. The aim is to make the
variation of titres observed reflect the variation in response of the birds in the flock rather than
the number of samples tested. Repeated testing throughout the life of the flock to monitor vac-
cination titres is important in some areas for agents such as infectious bursal disease (IBD) and
can be used to assess whether revaccination during lay is required.

Serological test interpretation

Serological tests need to be continuously validated (Jacobson 1996) and performance charac-
teristics of the test monitored in the laboratory doing the test. It is not enough that serological
test kits are registered — they must be suitable for testing the target population. The usefulness
of a diagnostic test will vary according to the infection status of the animals being tested and
the cost of testing versus the value of the information. It is usually considered that specificity
is more important than sensitivity for surveillance to demonstrate the absence of infection. For
diagnosis, sensitivity and repeatability are considered more important than specificity. During
eradication programmes, sensitivity is more important early on but, as eradication comes closer,
specificity becomes more important. For following vaccination responses repeatability becomes
more important than sensitivity. For epidemiological studies sensitivity may be the most important
feature of a test.

When serological testing kits are purchased, the manufacturer supplies a criterion for inter-
preting the test and this may or may not be optimal for the purpose and population being
tested. For example, enzyme-linked immunosorbent assay (ELISA) tests for chickens may not
be suitable for testing turkey sera because the antichicken-immunoglobulin antibody does not
usually react with turkey antibodies.

The diagnostic specificity (D-SP) is the proportion of known infected animals that test positive
in a test while the diagnostic sensitivity (D-SN) is the proportion of known uninfected animals
that test negative in a test. Combining the D-SN, the D-SP and knowledge of the infection status
allows an estimate of the predictive values of a positive (PV™) or negative (PV ™) result. For example,
the PV™ of one positive reticuloendotheliosis virus ELISA test result in a sample of 60 sera tested
may be 0.1: i.e. only once in 10 times will such a result detect an infected flock, the other nine
times it will be a false positive. It is not possible to make informed predictions about the infection
status of a flock without information on the PV* (or PV™) of that test in the particular population
being examined. Inconclusive testing results usually prompt retesting of the flock in 1-2 weeks or
the application of alternative tests. In this time false positives may disappear or seroconversion
may make the test result more conclusive. During this time the flock may have to be quarantined
to prevent the putative infection from being spread to other flocks.

Routine monitoring programmes need to be carefully designed to complement vaccination
programmes. For example, Mycoplasma serology testing should not be undertaken within 2
weeks of vaccination as this is a well recognized cause of false positives in agglutination and
ELISA tests. Enough time must be given between administration of a vaccine and checking the
response. In general this period is at least 4 weeks. Where health monitoring testing is regu-
larly performed it is possible to use combined ELISAs to screen sera (for example, a combined
Mycoplasma gallisepticum and Mycoplasma synoviae) and then further test sera that are positive in
individual tests. This offers a considerable saving in laboratory resources and time.

Serum banks are useful for retrospective studies and allow one to evaluate whether the infec-
tion status of flocks has really changed or whether the test has changed. In the laboratory,
calibration of ‘working’ internal standard sera should be carried out and such sera should be
regularly tested. This will allow the identification of changes in the test that may be associated
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with manufacture or performance of the test. Laboratories should follow good laboratory prac-
tice and participate in quality assurance programmes (aiming to maintain precision, repeatabil-
ity, reproducibility and accuracy).

Yolk testing for antibody is attractive in investigations as the sample is easily obtained from
the farm with fewer problems with biosecurity. Immunoglobulin (IgG-like) is the main anti-
body class in yolk. ELISA tests need to be validated for the use of yolk-derived samples.

Histopathology

Histopathology is a useful tool in the initial investigation of problems. Samples (1 cm? maximum)
should be taken from carefully selected cases usually into buffered formal saline. This test can
identify the pathognomonic changes that occur in some diseases such as in fowl pox and infectious
laryngotracheitis infection and make definitive diagnosis of many tumour problems (Table 3.2).
Also, with other conditions histopathology can be very useful in suggesting possible causes to be
investigated. Samples from long-standing cases usually have more definitive gross and histopatho-
logical changes and sample selection can influence the success of the investigation. These speci-
mens are usually not the specimen of choice for further microbiological (especially virological)
examination. Often it is necessary to plan sampling to optimize the isolation of bacteria and virus
after the initial pathological investigation.

The necessity to confirm serological and pathological observations when coming to a diag-
nosis depends on many factors. These include how common an infection is in the area, the
implications of finding the suspected organism and the cost and availability of laboratory sup-
port to confirm the presence of the organism. In general if the initial investigation suggests an
important agent that has not been or has only rarely been observed in the flock then isolation
should be undertaken.

Virus isolation

Isolation of many avian viruses is carried out in fertile eggs. The route of inoculation of the
eggs depends on the agent suspected. Avian influenza virus (AIV) and Newcastle disease virus
(NDV) can be grown in the allantoic cavity of fertile eggs and preliminary screening is done by
checking for haemagglutination activity. Other agents, including other avian paramyxoviruses
and EDS-76 virus, also have haemagglutinating activity so further characterization of putative
isolates is necessary. Some viruses can be isolated and identified by primary cell culture, cell cul-
ture or tissue culture. Others require direct electron microscopy or a variety of other virological
techniques.

Isolation for ubiquitous infections such as Marek’s disease virus (MDV) is often not attemp-
ted. The reasoning is that MDV will be in the birds whether they have tumours or not and cur-
rent technology to differentiate vaccine strains from field strains is not robust. Finally, further
investigation often involves bird experimentation, which takes a long time and is expensive.
Practically, MDV isolation is not attempted unless further iz vivo characterization of the virus is
planned.

The isolation of infectious agents is often very useful to provide the materials for epidemi-
ological studies and in some cases to include in autogenous bacterins or new vaccines. One
requirement of isolation techniques is that the sample taken must contain the agent. The site
of sampling must be where the agent is and the agent must be there at the time of sampling.
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Humoral antibody, in contrast, will record the response of the bird with an agent irrespective of
which anatomical site in the bird was infected.

Polymerase chain reaction

The use of polymerase chain reaction (PCR) testing to demonstrate the nucleic acid of infec-
tious agents is becoming more common. Sampling is planned to optimize the chance of the
organism being found, as for virus isolation or bacterial culture. The sample must be taken from
a site where the agent is present. Samples can often be allowed to dry or inactivate and can
still be suitable for PCR. Inactivation is typically done by placing the sample on FTA paper
(Whatman, http://www.whatman.com/) and then put into a multibarrier bag and stored at
room temperature until testing. Another method for tracheal samples is to use cotton swabs and
microwave these in an oven for 5s. Care must be taken using PCR not to cross-contaminate the
specimens during sampling or in the laboratory.

Feed

Feed sampling is an art and requires careful planning. Retention feed samples can be useful
and in the case of broilers should not be discarded until after the flock is finished. Assaying
for manganese is a cheap preliminary method of checking whether premix has been added.
Toxicology investigations in the laboratory are usually very specific for the toxin being investi-
gated. Mycotoxins may degrade with storage and this should be considered when interpreting
the results of testing. If a feed problem is suspected, changing the feed may give useful diagnos-
tic information and prevent further damage to the birds.

Testing compounded feed for Salmonella contamination is insensitive compared with feeding
to chickens, but positive results are indicative of gross contamination. Negative results do not
mean that the feed is uninfected. Testing raw materials may increase sensitivity and provide evi-
dence for epidemiological studies identifying the source of Sa/monella infections.

‘The questions under consideration as disease investigations implicate a causal agent are: Where
did this infection come from (epidemiological source)? or Why is a disease occurring when a
previously successful vaccination or prevention programme is in place? Obviously, there can be
problems with vaccine administration: perhaps the challenge is overwhelming or the agent may
have changed in some way. For instance, bacteria may have acquired resistance to a previously
useful antibiotic. To help differentiate between possible causes, further laboratory work may be
performed. In general, epidemiological studies are best undertaken with genome-based analy-
sis. Protection studies are best undertaken using systems that measure the ability of vaccines to
provide protection against challenge (so-called protectotype characterization). Other laboratory
classification systems may correlate well with these classifications for certain agents and be more
readily available, for example, serotyping, subtyping, etc.

Bacteriological investigation is an important support for diagnosis and evaluation of the effec-
tiveness of hygiene treatments and biosecurity barriers. The efficacy of cleaning, disinfection and



Laboratory investigation

fumigation against all infectious agents can be inferred from total viable counts (TVCs) of bac-
teria subject to known limitations. New, more rapid methods from food preparation industries
are being applied. Commonly these are based on measuring adenosine triphosphate or protein
on surfaces as a measure of cleanliness.

Laboratory information management systems are available for the management of laboratory
results as part of flock histories. This allows checking for compliance with planned testing sched-
ules and systematic analysis over time. The following of flock results may allow the identification
of changes in test characteristics and help in the selection of vaccines and setting of standards.
Monitoring programmes should be designed to fit together with production and vaccination pro-
grammes. For example, vaccination of birds for avian encephalomyelitis (AE) at 8 weeks with sero-
logical testing at 12 weeks would allow revaccination of nonresponding flocks at 14 weeks and
subsequent rechecking well before the onset of lay. Alternatively, all flocks could be vaccinated
twice for AE by 12 weeks of age before testing at 16 weeks. The cost of vaccination and testing and
the cost of an AE outbreak in lay needs to be analysed when choosing which strategy to adopt.

Knowledge of the test results in affected and unaffected flocks (matched for age, genotype,
etc.) is useful, especially when using a new test. This can be aided by the submission of split
samples to multiple laboratories (ring tests), submission of split samples to the same labora-
tory (to test repeatability within one submission and between submissions) and the submission
of samples from known uninfected and positively infected flocks. Similar to serological testing
laboratories, all laboratories need to quality-control all tests, including PCR testing (especially
to identify cross-contamination), histopathology and bacteriological testing (again to identify
cross-contamination). For laboratories, participation in ring tests, quality management systems
and a healthy scepticism are required.

Laboratories are not infallible and the field veterinarian needs to consider characteristics of
the test being used, the precautions against cross-contamination or other laboratory mistake,
alternative technologies to confirm the observation, response to therapies and the cost of deci-
sions in coming to a diagnosis.

Finally, syndromes similar to infectious diseases may be the cause of the signs and the reason
why no agent can be detected. For example, poor management may cause broiler uniformity
problems. Head trauma from male excluder feeding grills may mimic swollen head syndrome.
Fine mash diets may cause oral lesions that can be confused with T-2 toxin lesions. Low light
intensity during rearing of heavy broiler breeders may mimic reovirus tendon problems. There are
many other examples. The reason why a flock may be negative to a diagnostic test could be that
it is not infected with that agent. It is up to the field veterinarian to synthesize all the findings
(including response to therapies) in coming to a final diagnosis.

Canon R M, Roe R'T 1982 Livestock disease surveys: a field manual for veterinarians. Australian
Government Publishing Service, Canberra

Jacobson R H 1996 Principles of validation of diagnostic assays for infectious diseases. In: OIE Manual.
OIE, Paris

Payne L N, Gillespie A M, Howes K 1993 Unsuitability of chicken sera for detection of exogenous ALV by
the group-specific antigen ELISA. Vet Rec 132: 555-557
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Biosecurity
in poultry
management

:DUCTIO

The impact of disease on poultry production is one of the major limiting factors to successful
performance in the poultry industry.

The economics of that production lends itself to larger sites and more dense populations in
specific or limited geographical areas. This has many advantages in reducing the costs of live
haul, movement of feed and equipment, and flock supervision. However, such densely popu-
lated poultry areas present the industry with a daunting challenge in preventing the introduction
and persistence of significant disease threats or at least limiting their adverse effects on successful
production.

These developments have led to the development of the new ‘science” of biosecurity. The term
has received various definitions over the last few years but the main philosophy of the approach
is to apply this to any procedure or practice that prevents or limits the exposure of a flock to the
adverse effects of disease-causing organisms. This may include general on-farm hygiene require-
ments, vaccination programmes, medication regimes, disease monitoring and the effective use
of disinfectants.

In many ways the approach is much more an art than a science, tipping the balance in favour
of the birds rather than the bugs.

However, the successful implementation of a biosecurity programme requires considerable
technical input. Biosecurity can be directed towards specific targeted organisms or a more generic
disease control strategy. While the scope and impact of biosecurity measures may be obvious for
large-scale poultry production, its significance for small poultry-keeping situations must not be
overlooked; either in their own right or as sources of infection for large commercial flocks.
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. Table 4.1 | Hazard analysis and critical control point (HACCP) principles on the poultry farm

1. Hazard analysis Conduct a hazard analysis to identify potential hazards that could occur
anywhere in the process

2. Critical control points (CCPs) Identify the CCPs, i.e. those points in the process where potential hazards
could occur and then be prevented and/or controlled

3. Critical limits Establish critical limits or tolerances for each CCP

4. Monitoring Establish CCP monitoring to ensure each CCP stays within its limits

5. Correction Establish corrective procedures if monitoring identifies a CCP outside its limit

6. Recording Establish and maintain an effective recording system

7. Verification Ongoing audit and review of the HACCP plan, new CCPs, existing limits for

existing CCPs and ongoing sampling to ensure compliance

Vaccination Medication Environmental
control

Terminal hygiene

BIOSECURITY == Cleansing and
disinfection

Active site
security

National/international exclusion/stamping out policies

Fig. 4.1 Biosecurity management practices.

Practical biosecurity on the farm requires an accurate assessment of disease challenges and
their impact on production. Hazard analysis and critical control point (HACCP) principles are
frequently used as a starting point in such assessments (Table 4.1) but practical implementation
of targeted interventions is the secret of success, using properly informed risk assessment and
risk management.

As a result, an effective biosecurity programme is so much more than just a printed cleansing
and disinfection procedure. The concept of biosecurity covers a whole range of procedures and
interventions that can, when effectively combined, reduce the impact of disease (Fig. 4.1).

This concept starts at the genetic level. Rapidly growing poultry strains have a relatively naive
immune system and much current genetic improvement is aimed at improving intrinsic disease
resistance in modern breeds. The focus is on liveability and birds that may be refractory to cer-
tain disease challenges. This can be achieved in a variety of ways. Much recent activity has been

in developing a more robust immune system to respond generally to a range of disease chal-
lenges. Other approaches are aimed at the development of specific resistance markers for specific
diseases (e.g. Marek’s disease). Future work will attempt to focus more on body systems, such as
the respiratory tract to reduce the impact of respiratory pathogens and the gastrointestinal tract
to strengthen intestinal integrity.
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A second major area relates to environmental control and management. Here, as in many
other areas of biosecurity, stockmanship and effective husbandry methods are of paramount
importance. This requires the ability of the stockperson to identify health and ill health in flocks
under his/her care and respond accordingly. Much of this response requires an assessment of
environmental effects, especially in the areas of air quality and litter condition as well as the
provision of high-quality feed and clean drinking water. Optimal environmental control reduces
insults to the respiratory tract by noxious factors such as ammonia, carbon dioxide, excessive
humidity and dust but also helps to excrete unwanted microbiological loads from the house.

Vaccination and medication programmes are very significant contributors to an effective
biosecurity programme and are an excellent illustration of the importance of an integrated
approach. As an example, efficient vaccines are available for Salmonella control but their efficacy
is enhanced by an effective strategy of cleansing and disinfection and vermin control to reduce
overall challenge pressure and allow the vaccine to work most effectively.

Another significant area is where the vaccination programme is delivered in a coordinated
manner designed to prevent generalized infection with agents active in a particular geographical
area and contribute to an effective control strategy for a whole region. Examples here are infec-
tious bronchitis, Newcastle disease, Gumboro disease and avian pneumovirus infection. As with
many of the other areas, vaccines must be properly applied, in accordance with manufacturers’
directions and on the basis of expected challenges, based on accurate diagnostic monitoring.

Medications administered at strategic times can prevent clinical and subclinical effects of second-
ary disease challenges. This may be with conventional antibiotics or newer developments such as
phage treatments. Medications must be used under strict veterinary guidance with clear demonstra-
tion of responsible use and should be seen as an adjunct rather than alternative to other biosecurity
measures. This requires accurate diagnosis of targeted pathogens, pretreatment testing and appropri-
ate use of products with a narrow spectrum but known efficacy for the target organisms.

The final and major component of any biosecurity programme remains the effective use and
application of cleansers, sanitizers and disinfectants and this will be considered in detail later in
this chapter. The aim is to use the right product applied in the right way at the right concentra-
tion and as part of a complementary programme.

RITY

The range of disease-causing organisms requiring control vary in their type and impact. At one

end of the scale such measures can be the basis for national and international emergency disease

control strategies implemented or enforced by national governments. This is clearly important

in the control of lethal, highly contagious diseases such as avian influenza and Newcastle dis-

ease. However, similar procedures are essential in successful disease control in many other areas,

including:

® Control of highly virulent diseases of significant economic impact at a national level (e.g.
Gumboro disease, infectious bronchitis, avian pneumovirus infections)

® Reduction of challenge by ubiquitous ‘common’ organisms known to reduce productivity
(e.g. coccidiosis, Escherichia coli)

® Reduction or elimination of immunosuppressive diseases that render birds more susceptible
to other diseases or environmental effects (e.g. Marek’s disease, Chick anaemia virus (CAV),
Gumboro disease, Haemorrhagic enteritis virus (HAV))

® Reduction of contamination of poultry and poultry products with agents of public health
significance (e.g. Salmonella, Campylobacter).
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With this broad requirement for control measures aimed at a range of pathogens there is a need

for a focused programme of interventions. This requires a detailed knowledge of the diseases

and infectious agents any biosecurity programme is attempting to control. There is a direct rela-

tionship between where that infectious agent multiplies in the bird and its mode of transmission

from one bird to another, or from one site to another.

® Respiratory disease organisms are usually spread via respiratory secretions through aerosols,
following sneezing and coughing. Hence, while effective disinfection of all contaminated
equipment may be important, the use of strategic vaccination may also be necessary.

® Enteric diseases are spread via droppings and litter such that control of faecal spread and
effective terminal cleansing and disinfection at depletion are the critical areas.

® Vertically transmitted infections, such as mycoplasmas and some Salmonella serotypes,
require an approach that encompasses the breeder farm, egg hygiene, hatchery hygiene, grow-
ing farm procedures, transport and all associated equipment.

® Highly persistent or resistant infectious agents (predominantly viral) may require specific
measures to control residual site and environmental contamination, and knowledge of disin-
fectants of known and proven efficacy against the target organisms.

Therefore, although there is no ‘one case fits all’ strategy for all farms or integrations, a basic
approach working as a partnership with a range of technical experts, stockmen and veterinarians
can develop an evolving biosecurity programme. This should be formalized as part of the farm
veterinary health and welfare plan.

This health plan should be seen as a working document that formalizes agreed actions and
procedures. The plan should be a practical document that accurately reflects what is done at the
farm level, how it is done, what the aims and targets are and how these will be audited.

In setting baselines and targets for such a programme it is essential to know which disease-
causing organisms are present in poultry stock at the breeder and commercial level. A pro-
gramme should be in place to monitor this, so that the veterinarian and producer can be aware
of what challenges are occurring but also to audit the success (or otherwise) of the biosecurity
interventions. This is an example of a practical implementation of HACCP principles.

Monitoring and setting baselines

Effective disease monitoring may be achieved by:

1. Regular monitoring of all performance data on farm, including:
a. Mortality
b. Culling rate
c. Daily liveweight gain
d. Evenness
e. Food conversion ratio (FCR)
f. European production efficiency factor (EPEF)
g. Egg production
h. Egg quality
i. Ferdility
j. Hatchability
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2. Assessment of processing plant data for levels of:
a. Carcass damage
b. Reject rates and criteria
c. Downgrading
3. Sampling and screening for disease-causing agents:
a. Serology
i. Monitor response to vaccination programme
ii. During a disease outbreak
iii. Terminal bloods to check exposure to disease agents
iv. Regular monitoring to confirm freedom from specific organisms
b. Post-mortem examinations:
i. During a disease outbreak
ii. Specific targeted lesion scoring (e.g. for subclinical coccidial challenge monitoring)
iii. To assess skeletal development
iv. To screen for subclinical indications of disease, e.g. intestinal damage, presence of
parasites, air sac damage
c. Other samples
i. Polymerase chain reaction (PCR) swabs for viral/bacterial antigen detection
ii. Faeces for worm egg count, coccidial challenge, Salmonella spp., Campylobacter spp.
iii. Water — water quality testing
iv. Tissues for virus isolation, residues of extraneous agents, carcass quality
d. Wild birds and vermin
i. Screening of reservoirs for disease threats, e.g. avian influenza, Mycoplasma spp.,
Salmonella spp.
4. Communication
a. Awareness of disease challenges in rearing stock
b. Early warning of disease challenges in other farms in an area
c. National and international communication on disease threats.
Once baselines are set for disease challenges and trends over time, together with good intel-
ligence as to what major disease risks may be introduced into a particular area, then the veterin-
ary health plan can start to lay down guidance as to what is needed as an effective biosecurity
programme. This must be laid down in a logical manner, with aims and objectives produced
that are on the one hand effective, but are also able to be achieved under practical conditions.

‘The components of a biosecurity programme can be split into three broad areas. These are:

® Procedural biosecurity — this is where the concepts are outlined into an overall strategy of
what is trying to be achieved. This may be a multilayered programme such that there is an
overarching general disease control programme, to which may be added specific HACCP-
type programmes for specific diseases or problems. A good example of one of these specific
aspects might be a Campylobacter reduction programme. The procedural concepts should

outline the strategy and the decision-making procedure and, importantly, identify who within
the organization has responsibility for the procedures, their implementation and their audit.

® Physical biosecurity — this is the main foundation for the programme. It should consider
the structural requirements, farm layouts, specification for all equipment and facilities on
farm (e.g. barrier hygiene, showers, provision of wheel and equipment sprays, footdips, struc-
tural house design and layout, etc.).
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® Operational biosecurity — this is where all the procedures are put into practice. The proced-
ural programme should clearly identify personnel responsible for all areas of the operational
programme, including production of appropriate paperwork and work recording systems
such that it is possible to audit whether what is laid down is actually taking place in practice.
Again, there is the requirement for this audit to feed back constantly into the procedural
biosecurity strategy.

Procedural biosecurity

Although procedural biosecurity should be based on practical common sense procedures, the use
of HACCRP principles offers the ability to review all risks and critical control points at the farm
and company level and acts as a framework on which to build effective control strategies. Such a
system can be developed for small or large sites, or companies operating multiple sites. The com-
plexity of any HACCP system will reflect the risks identified. For disease control, critical control
points (CCPs) are the areas or weak points where pathogens may enter the system. Once identi-
fied, then procedures can be put in place to reduce or eliminate the hazard posed by these weak
points. Hazard analysis is the starting point and can be aimed at general pathogen reduction or at
specific threats such as avian influenza, Gumboro disease or Campylobacter. The CCPs can then
be listed. Examples of the most significant examples for most pathogens are as follows:

® DPersonnel

Other poultry

Vehicles

Equipment

Feed

Litter

Water

Vermin

Insects/beetles

Wild birds

Residual site contamination.

Once these have been identified the next stage is to set limits to which the hazard must be
reduced. For examples such as avian influenza the target might be total elimination or avoid-
ance, whereas for organisms such as Campylobacter targets might be set for reduction in inci-
dence over certain time frames. In assessing whether targets for critical limits have been met
there must be effective monitoring of incidence of the organisms under scrutiny over time. On
the basis of this monitoring the causes of any noncompliance or failure to achieve targets should
be identified and corrective actions put in place. Records must be kept of this HACCP pro-
gramme with ongoing verification and feedback of success or failure, such that targeted progress
can be made. The further aspect of physical biosecurity is aimed at reducing the existence or
impact of CCPs, while operational biosecurity procedures should outline the practical and oper-
ational steps taken to address known CCPs.

Physical biosecurity

1. Location. Although this may be on a wish list that is not actually achievable, the aim
should be to locate farms as well dispersed as possible. A minimum acceptable distance
between poultry farms should be 500 m, and preferably 1km. Consideration should also
be given to prevailing wind direction when planning units in relatively close proximity, in
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order to minimize the risk of airborne infection. When siting breeder or grandparent farms,
this distance should be extended to 8—10km wherever possible. This should be adequate
to limit likely movement of viral diseases spread by aerosol or dust vectors. Increasingly,
poultry are sited in densely populated poultry areas, either for historical or logistical rea-
sons. Some degree of compromise is always necessary and this indicates why in some geo-
graphical locations there may be added dependence on other aspects of the biosecurity
programme. These considerations should extend to the likelihood of poultry litter being
spread on agricultural land in the area. It may not always be possible to have control over
types of stock or biosecurity measures of third-party producers in a region. As a result, it has
to be accepted that airborne respiratory viral challenges will be a feature of the disease load
in many areas. In some countries there has been government consideration and restriction
of stocking of poultry farms in a particular region in an attempt to break the cycle of infec-
tion with highly contagious diseases such as avian influenza.

Avoid building sites near waterways, ponds or lakes used by migratory water fowl. This
has relevance for a number of diseases but most notably for avian influenza and Newcastle
disease, where migrating waterfowl or seabirds may act as potent vectors to introduce
disease into a novel area, while themselves showing no clinical signs or illness. If there
is local surface water, this should not be used as the source of drinking water for
commercial poultry, again because of likely contamination from wild birds with viral
pathogens.

Avoid putting birds on range, as they will be susceptible to contamination from wild birds
and will attract vermin. There is a balance here, with increased interest in the perceived
welfare advantages of more extensive production systems, against the risks posed to such
flocks, either on their own account or as a focus and source of infection for housed flocks
in a given geographical area. Again, flocks which must be kept under such systems require
more rigorous actions in other areas of the biosecurity programme to compensate.

Locate houses away from major roads that handle high volumes of poultry vehicles (feed
lorries, live haul vehicles, etc.).

There should be effective waste disposal and removal of used litter as far away from the
site as possible. Factories able to burn poultry litter as a source of energy are a valuable
method of reducing the infectious agent load in a particular geographical area.

The areas around and between houses should be constructed of materials and surfaces that
can be cleansed and disinfected to reduce the transmission of all organic material on vehicle,
tyres, boots, etc., from the area outside the house into the house. Areas around houses should
be kept clear of vegetation to avoid harbouring vermin. Kerbed aprons will help prevent
washing of contaminated debris on to surrounding land.

Locate poultry sites in well-drained areas to avoid standing water.

Use potable drinking water with a low total viable count.

House design and site layout should help with the implementation of the biosecurity
requirements. There should be a secure perimeter fence such that there is a controlled
entry point for all visitors. An amenity block should contain protective clothing and boots
as 2 minimum, but include shower facilities wherever possible for all visitors who must
enter the site.

Plan the layout of the site to enable feed to be blown into silos/bins on site from outside
the perimeter fence, ensuring that feed vehicles can be excluded from the site.

Where vehicles must enter a site, consider provision of wheel immersion baths and pres-
sure washing facilities.
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Operational biosecurity

The use of HACCP principles should identify all inputs into a site and enable a structured
operational procedure to be put in place to ensure that all such inputs are controlled and their

impact minimized. These critical control points should be identified by the procedural biosecu-

rity programme. The following are some of the major critical control points to consider in any

biosecurity programme.

People

This includes employees, servicemen, lorry drivers, vaccination crews, vets, etc.

1.

Staff movements should be as limited as possible. This should be a general consideration
but must be strictly adhered to when the disease situation on a particular site or area has
deteriorated.

Exclude all unauthorized persons. Casual visitors should not be given access to sites. All
visitors must make themselves known to site personnel and give details of previous visits.
If there are any concerns about the health status of any visitor or previous sites visited they
should be excluded from the site. All visitors must be expected to follow the site biosecurity
procedures.

All visitors must complete an on-site visitors book to allow tracing in the event of a dis-
ease outbreak. Wherever possible, visitors should not have visited other poultry sites in the
preceding 48-72h. This is especially necessary at the commercial breeder level and above.
Where such downtime is not possible the number of sites visited in a day must be limited
and the visits must move from younger to older birds visited through the day.

Control site traffic to a minimum. Where possible, all vehicles should be excluded from
the site and all visitors should enter on foot through the perimeter fencing, preferably after
showering,.

For vehicles requiring access to the site (e.g. for delivering shavings, chicks, equipment,
feed and live bird haulage) there should be facilities for spray disinfection of vehicle
wheels and wheel arches situated at the entrance. Without exception, all such visitors
should observe standard operating procedures on vehicle cleansing and the use of protect-
ive clothing.

Any equipment brought on site for use by contractors (e.g. tools, ladders, vermin bait, bait
boxes, etc.) should not be contaminated with dust or organic material from sites visited
previously. Where possible, dedicated site equipment for use by such personnel should be
stored on each farm. Where this is not possible effective cleansing and disinfection should
take place before use. All contractors should keep the inside of their vehicles clean and dis-
infected to reduce contamination or spread on any equipment.

All visitors to sites should be provided with adequate protective clothing as clean or dispos-
able boiler suits, footwear and headgear. All visitors should wash their hands prior to visit-
ing birds and use effective hand sanitizers or handwashing facilities between houses on site.
When moving between houses on a site care should be taken to avoid contaminating pro-
tective clothing or boots from the environment around houses, e.g. avoid walking through
standing water or areas with heavy faecal or soil contamination. Use footdips and clean
boots with a brush between visits to separate houses.

For breeding farms, at least, a shower in, shower out facility must be provided and be used
by all visitors.
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Poultry

1. Incoming poultry to all sites should be from high-health-status sources.

2. In this regard, the company should have a well-defined health monitoring and audit pro-
cedure for breeder supply flocks. This should extend to hatchery hygiene procedures with
regular microbiological monitoring.

3. Where possible, multiage sites should be avoided, as this does not allow a natural break in
pathogen build-up on site. Where this is not possible, staff on the farm should be dedicated
to particular flocks or buildings. For high-value stock a period of quarantine away from
other stock on site is advisable, with close clinical monitoring of birds during the quaran-
tine period.

4. Disposal of on farm deaths/culls. On-site incineration prevents the need for removing
potentially infected carcasses from the premises or bringing infection on to a site via per-
sonnel collecting carcasses from a number of sites. Where this is not possible, any collection
system should observe all site biosecurity procedures.

\ehicles

A variety of vehicles visit poultry farms on a regular basis to deliver feed, shavings, staff, con-
tractors, maintenance crews, catching and vaccination teams and equipment, and for carcass
collection where necessary.

Wherever possible vehicles should be excluded from the site. Where they must enter the
site they should be visibly clean. For vehicles such as feed lorries or for carcass collection, visits
should be programmed to avoid moving from lower-health-status to high-health-status sites on
the same day. It is desirable to have vehicles dedicated to breeder sites that do not visit com-
mercial flocks. Where there is a known disease risk in an area or site, vehicles visiting such sites
should then return to their depot or a third-party cleansing and disinfection facility prior to vis-
iting any other site. Known contaminated sites (e.g. those with Mycoplasma) should be visited
as a last delivery in the day and vehicles should then return to their depot for immediate cleans-
ing and disinfection and be stood down overnight.

On arrival at the site drivers must make themselves known to site personnel. All drivers will
be expected to follow the site’s full biosecurity procedures. There should be no exceptions to this
rule. Where possible, drivers should change into site protective clothing prior to entering the site.

The vehicle should be disinfected in line with facilities available on site, from disinfectant
wheel sprays through to full wheel dips or total vehicle body spray washers.

Equipment

An assortment of equipment may need to move between sites, including egg flats, trolleys and
transport crates and modules. Egg flats have been associated with the movement of red mite,
Salmonella and even infectious laryngotracheitis between egg-laying sites. It is therefore advis-
able to use disposable ‘once-only’ trays that can be discarded after one use. Where this is not
possible, reusable trays that can be effectively cleaned and disinfected, preferably colour-coded
and dedicated to specific sites, may be used, but such cleaning requires very close supervision.
Egg trolleys have been cited as vectors of Salmonella spp., and live bird transport equipment
(and catchers) has been linked to the introduction of Campylobacter and Salmonella spp. to
sites. Transport crates can be very difficult to clean and disinfect because of their design and
heavy faecal contamination. In-line systems are usually present at the processing plant but
require large amounts of water for full immersion. Systems that recycle wash water and have
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poor audit of dilution rates and proportioning of disinfectant can in fact increase the bacterial
load on ‘cleaned’ crates and modules. Effective degreasers and the use of contraflow water sys-
tems without recycling followed by correct application of a suitable sanitizer are essential.

Feed

As previously discussed, feed lorries can be physical vectors for a number of pathogens. In add-
ition, feed itself can become contaminated with a number of pathogens, predominantly bacte-
rial (e.g. Salmonella spp., E. coli, Clostridium spp.) and fungal (Aspergillus spp. and mycotoxins).
Contamination can take place via raw materials, during the production process, during storage
or in transport vehicles. Feed mills should operate their own established HACCP system at all
stages of production, coupled with microbiological monitoring of all raw materials and finished
product. High-risk raw materials from known risk sources should be avoided. Heat treatment,
extrusion procedures or the addition of organic acids or other acidifiers and mould inhibitors
may be useful in reducing feed contamination.

Litter

There is considerable variation in the availability and use of different litter materials for poul-
try bedding. The best substrate is fresh, dry, white wood shavings. Historically, straw has been a
popular material but through contamination during growing, at harvest and in storage microbio-
logical build-up can occur. The most significant is probably fungal contamination with Aspergillus
fumigatus. This can be dangerous through inhalation of fungal spores and young turkey poults
and ducklings are probably the most sensitive species. This can lead to early ‘brooder pneumo-
nia’ or later debilitating air sacculitis. Only high-quality straw should be used for these species,
preferably dust-extracted, and should be avoided in brooding areas. Correct drying and storage
after harvest is essential. Straw may also be used for breeder nest box material, where poor-quality
material can lead to Aspergillus spp. contamination of eggs laid. This can lead to dissemination to
the hatchery, leading to rots and bangers, reduced hatchability and brooder pneumonia in chicks
exposed to spores on hatcher trays. Spraying of nest box material or eggs immediately after col-
lection with suitable disinfectants can reduce the effects of contamination.

Used litter can be contaminated with a wide variety of pathogens — viral, bacterial and proto-
zoal. As a result, effective disposal methods are recommended. In many agricultural situations
used litter is spread on arable land and this can be a potential vector for spread of contagion.
This is a special risk for Gumboro disease virus in densely populated broiler growing areas, and
has also been implicated in spread of other more sensitive viruses, such as infectious bronchitis
virus and avian pneumovirus. Where there are significant problems with a particular disease in
a specific area it may be advisable to spray the litter from known infected premises with a viru-
cidal disinfectant prior to removal from the house. Storage of turned litter under cover for up
to 6 weeks will help to reduce microbiological load. Where possible, litter should be removed
to specialist litter-burning sites for energy production. This reduces the environmental impact
and nitrogen loading on agricultural land but also greatly reduces infection pressure in poultry
growing areas.

Water

Water systems on poultry farms frequently harbour significant bacterial contamination. Bacteria
in feed particles, dust, litter, faeces and nasal or mouth discharges can easily contaminate open
drinkers such as bell drinkers. This can act as an efficient focus for infecting other birds. The other
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aspect that influences the quality of drinking water is the phenomenon of biofilms. It is easiest
to understand a biofilm simply as a sludge in which bacteria can hide. They are, in fact, more
complex structures involving a honeycomb of cracks and crevices in which bacteria thrive, with
water percolating through supplying a source of oxygen and nutrients. The biofilm provides a
haven for water-borne pathogens, protected from extremes of water chemistry, temperature and
many disinfectants. Controlling the risk of water-borne infections must therefore be aimed at
choosing a disinfectant that has proven efficacy against these organisms and is capable of pene-
trating or removing the protective biofilm. Historically, chlorine-based products have been
advocated for water sanitization. However, laboratory and practical work on farm suggests that
biofilms result in a more than 3000-fold increase in resistance of certain bacteria to chlorine.

Part of the solution has been to move to closed water systems. The introduction of nipple sys-

tems has been shown to have considerable health benefits and it is likely that this is associated
with reducing bacterial load. A closely fitting lid to the header tank is also advantageous. The lid
helps to exclude:
® Dust, which may carry microorganisms
® Light, which would encourage mould and algal growth
® Birds and rodents, which may carry many microorganisms.
However, even with such systems, water at the bird level may still have a high total bug count.
This may relate to primary contamination of the water source or residual contamination in the
water system due to ineffective sanitization at flock depletion. The use of sanitizers and disin-
fectants capable of removing biofilms and then achieving good bacterial kill is essential.

Vermin

Rats and mice are attracted to poultry housing by warmth and shelter and the availability of
food sources. They can harbour a number of microorganisms, the most significant of which is
probably Salmonella spp. These pests can infest the fabric of poultry buildings, causing damage
to insulation and electrical installations.

Rats and mice are known to be carriers of significant Salmonella serovars such as Enteritidis
and Typhimurium. The infective dose for these pests is low and affected vermin can act as
latent carriers, only intermittently excreting Salmonella in their droppings without being affec-
ted themselves. If such vermin are pregnant they can pass infection to their unborn offspring.
There is also evidence that virulence for poultry is enhanced by passage through infected
vermin.

House design should be such as to prevent access for vermin and areas around poultry houses
should be kept clear of vegetation and disused equipment, which can provide shelter for vermin
approaching houses. Clearing up all feed spillages is essential, as is the storage of all feed in vermin-
proof bins to discourage vermin from visiting sites.

Maintain an effective, audited rodent and wild bird control programme, using proven baits,
properly and safely distributed inside and outside houses. This should be supplemented by mon-
itoring for vermin activity such as damage done to buildings, the presence of vermin droppings
and the take-up of bait. Increase vermin control strategies and baiting prior to site depletion,
when vermin may leave a site temporarily if feed and heat are removed, thus evading the site’s
terminal cleansing and disinfection programme.

Insects and beetles

Red mite infestations can themselves be associated with anaemia, reduced production and even
mortality. Darkling (alphitobious) beetles are cited as vectors of virus diseases such as Gumboro
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disease and Marek’s disease and bacterial infections including Salmonella and Campylobacter.
Flies have been implicated as seasonal vectors of Campylobacter spp. Control here is directed at
preventing entry into poultry houses, effective use of residual parasiticides and insecticides and
basic house design to reduce entry and persistence.

Wild birds

The most significant risk from wild birds to commercial poultry is the highly virulent strains of
avian influenza and Newcastle disease. Wild birds, especially migratory waterfowl, are a specific
problem by virtue of the fact that they can act as symptomless carriers that, during their migra-
tory season, can travel large distances and circumvent national and international borders.

In addition to these viral diseases, wild birds have also been implicated in the introduction and
spread of Mycoplasma, Salmonella and Campylobacter infections, yersiniosis and avian tuberculosis.

All poultry units should be birdproofed using wire mesh over any vents or open sidewalls.
All doors should be kept closed. All feed spillages should be cleared up immediately they occur.
Poultry houses should not be sited near open water known to attract wild birds and if these are
already present close to a unit they should be netted to keep wild birds from alighting. Bird
scarers may be appropriate in some situations.

Site decontamination

1. Effective cleaning and disinfection reduce the number of pathogens and the weight of dis-
case challenge and hence greatly enhance biosecurity programmes.

2. Effective cleaning and disinfection can only be achieved with sufficient turnaround/down
time to allow removal of all litter and the required contact times for the disinfection prod-
ucts used prior to restocking.

3. Cleaning and disinfection should include the houses, surrounding concrete apron and
equipment. Kerbing will prevent wash-off of contaminated material on to surrounding
land as well as containing foul water.

4. Maintain a closed water system with lids on all header tanks. There should be effective
cleaning and disinfection of the water system at turnaround to remove the greasy biofilm
from the inside of the system that will harbour and protect pathogens.

5. Effective cleaning and disinfection of the total feed system should include bins and delivery
systems. Feed delivered to the site must be of high health status with vermin protection.
Specification for feed supplies should be to exclude all vermin to protect finished feed and
stored raw materials, especially cereals. Raw materials and finished feed should be sampled
regularly for Salmonella spp. Any ‘high-risk’ raw materials or sources identified by such
monitoring should cease to be used.

6. Use only disinfectants with proven broad-spectrum eflicacy against all viral and bacterial
pathogens. These products should be used at the manufacturer’s stated dilutions.

Operational biosecurity can therefore be seen to span two distinct but overlapping areas of oper-
ation. The first is the ongoing site security with procedures aimed at countering the effects of
the hazard posed by the CCPs identified. This can involve vaccination programmes, medication
strategies, environmental control and management/husbandry activities. These are represented
by the critical control points listed at A-I above. The second aspect relates to site decontamin-
ation or so-called terminal cleansing and disinfection. The latter is a major contribution to break-
ing the cycle of infection and is worthy of more detailed description.
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Disinfectants and disinfection procedures have been widely used for many years in the poultry
industry. Natural disinfection agents such as sunlight, heat or just simply resting a premises are
no longer considered to be of much practical use. Increasing evidence of the prolonged survival
time of a number of significant avian pathogens outside the bird, coupled with ever-increasing
economic pressure for quicker restocking of units, has led to an increasing dependence on
chemical disinfectants.

Selection of a disinfectant

For many years a range of basic chemicals have been used as disinfectants within the indus-
try, often achieving only limited results. This is due in the main to the limited spectrum of
activity of these chemicals in the field situation. However, contributory factors to the generally
poor results achieved with disinfection in the past were the areas of application and methods
employed. These were often limited by the toxic or corrosive nature of some of the chemicals. In
addition, many of these chemicals could be considered by present-day standards to be harmful
to the environment. More recently there has been growing concern for the safety of operators
applying aldehydes (formaldehyde and glutaraldehyde) as disinfectants, still the most widely
used of the basic chemicals. Information on the potential danger of using this group of chem-
icals is increasing,.

Modern broad-spectrum disinfectants with independently proven activity are now available to
enable producers to protect their stock against infections while satisfying increasingly stringent
user safety requirements.

Selection of an effective and economical disinfectant can appear to be a complicated proced-
ure. A number of considerations have to be taken into account, primarily influenced by the
proposed area of application. These will include the nature of the surface to be disinfected, the
level of residual organic soiling, temperature, water quality, contact time and the required spec-
trum of activity. It is essential that these factors are considered in the choice and application of
a disinfectant.
® Type of surface. Many poultry houses are constructed with materials that have a rough or

absorbent surface, such as timber and earth or sand floors. In these cases the physical proper-

ties of the disinfectant, such as ability to penetrate such surfaces, become significant.

® Organic soiling. Whereas residual organic soiling on surfaces will have a negative effect on all
chemical disinfectants, some systems are far more resistant to this challenge than others. For
example, quaternary ammonium compounds (QACs), iodophors and formaldehyde are more
affected by organic soiling than phenolics and glutaraldehydes. Basic cleaning and washing of
surfaces before the application of a disinfectant is the single most important aspect of effec-
tive hygiene and disinfection. However, some surfaces are easier to clean than others and,
where it is considered that a residual level of organic soiling is unavoidable, it is important to
consider the degree to which the activity of the selected disinfectant is potentially lowered.

This may influence the choice of product, its method of application and the dilution rate for

application.
® Temperature. The activity of most disinfectants increases with a rise in temperature. This is

often referred to as the temperature coefficient, which is a measure of the change in killing
time per degree rise in temperature. This can vary significantly with different chemical sys-
tems: for example, glutaraldehydes show a marked temperature-dependent activity. In prac-
tice it is necessary to consider the temperature when determining the selection of a disinfectant,
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as well as the dilution rate of the selected agent for optimal activity at the anticipated tem-
perature. A common mistake in practice is to overlook the fact that it is the temperature of
the surface to be treated that is relevant rather than the air temperature of the house. Short
periods of heating a house prior to application of a disinfectant may do little to raise the tem-
perature of a concrete floor. Increased contact time and lower dilution rates may be necessary
during the winter months.

® Water quality. Water hardness can have a significant effect on the activity of some disinfect-
ants and is therefore a factor to be taken into consideration. For example, phenolic com-
pounds are far less affected by hard water than iodophors or QACs.

® Contact time. The contact time required for various disinfectants to achieve an acceptable
reduction in surface count can also vary considerably. For example, oxidizing systems are
generally very fast-acting; aldehydes tend to be much slower. For most disinfectants the main
effect on organisms is while the chemical system is in an aqueous phase, i.e. while the surface
remains wet.

® Spectrum of activity. Poultry can be challenged by a wide spectrum of pathogens, including
varied bacterial, viral, fungal and protozoal species. In vitro activity test results against the most
common poultry pathogens are available for many disinfectants. In assessing the results of any
activity test it is vital to understand the conditions used in the test and its relevance to a field
situation. There are a number of official test systems used by different countries to determine
disinfectant activity and these can vary significantly, for example in the nature of the organic
challenge used, test temperature, contact time, etc. When attempting to compare the activity
and efficacy of disinfectants by reference to such results it is vital to ensure that comparisons
are being made under similar test conditions. In the UK, the Department of Environment,
Food and Rural Affairs (DEFRA) has a disinfectant approval system under which commercially
available disinfectants can be submitted for examination for activity against a number of viruses
causing notifiable diseases and for a category covering bacterial activity, so-called ‘General
Orders. DEFRA publish lists of approved disinfectants on a regular basis.

From the user’s point of view, the main features of a disinfectant to be considered can be divided

into three main areas as follows.

¢ Efficacy and efficiency:
— 'The biocidal spectrum should control all the pathogens (viral, bacterial and fungal) likely

to affect the stock in question
— Proof of efficacy must be confirmed by independent tests
— 'There should be proof of efficacy under farm conditions, including organic soiling, hard
water and low temperatures

® Safety: the product must:
— Be safe for the operators to use
— Be safe for the livestock and leave no potentially harmful residues or taints
— Not corrode the equipment or fittings
— Not result in environmental residues or damage

® Cost: as with any proposed method of disease control, it must be cost-effective and produce
benefit to the user in terms of improved production, e.g. reduced mortality, increased live
weight gain and food conversion.

Application of disinfectants

Spread of pathogens on static surfaces in poultry houses can transfer disease from one flock to the
next. The survival time of many pathogens on inadequately disinfected inanimate surfaces can run
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into months. Rodent and insect vectors are often responsible for the transfer of both viral and bac-
terial infection between houses and sites. These key considerations can be dealt with by the process
generally known as terminal disinfection. Apart from the selection of an effective disinfectant, the
success of any programme depends on careful attention to every detail of the steps set out below.
The procedures required are generally well understood but the expected result is often compro-
mised by a failure to pay sufficient attention to detail. This may be due to the pressure created by
short turn-around intervals or purely to a failure to appreciate the import-ance of the steps involved.

Terminal disinfection of poultry houses

In all cases the terminal disinfection programme should follow all, or as many as possible, of the
following basic procedures.

1. Dry clean. This involves the removal of any residual food from the feeder system and silo.
Portable equipment for cleaning and sanitizing should be placed outside the house or pen.
Provision of concrete aprons outside houses for this purpose should be considered in the
design of new, or improvements of existing, buildings. Litter should be thoroughly removed
from the house and transported to a safe area away from stocked houses. Surface dust from
ceilings, water pipes, etc., should normally be blown down and then all loose debris from
the floor should be blown out after removal of the litter. The use of gantries and other equip-
ment is essential to ensure that all high ledges, pipework, etc. are adequately cleaned. Bulk
feed bins should be blown down or washed at this stage.

2. Sanitize the drinking water system. This is a procedure sometimes neglected or inad-
equately carried out but essential in order to avoid the transfer of infection from crop to
crop via the drinking system. The header tank should be drained and checked to ensure
that it is free of debris. The tank should then be filled with the required quantity of water
and disinfectant added to achieve the required dilution. This solution should be allowed
to fill the drinking system and left to stand for at least 1 h. After this the system should be
thoroughly flushed and drained. Once filled with fresh water all tanks should be covered to
reduce recontamination.

3. Pre-clean the house or pen and equipment. Use a detergent sanitizer to effectively clean
surfaces to minimize organic challenge and reduce the bacterial load prior to disinfection.
All surfaces should be sprayed with the solution at low pressure, ensuring thorough wet-
ting. This must include coverage of pipe lines, feeders and drinkers. Externally, loading
areas must be included. An alternative method of application favoured by some is by the
use of a foam lance. Following the detergent application, cleaning should be completed
with high-pressure water until all the areas mentioned are visibly clean.

4. Disinfection of the house or pen and equipment. This involves the thorough application
of the selected broad-spectrum disinfectant to all surfaces and equipment in the house or
pen, taking full consideration of the required dilution rate, application rate and contact
time. Application can be with any suitable spraying equipment. If a pressure washer is used
it should be set to a low pressure and if possible a fan jet should be employed. In recent
years a number of larger operations have used equipment designed for orchard spraying,
which can be very effective and time-saving. Choose the dilution at which the disinfect-
ant has been independently proven to be effective against disease organisms. Ensure that
the dilution rate is established by a test system incorporating an organic challenge. Always
select the highest concentration necessary to eliminate the most resistant actual or potential
pathogen. Effective disinfection requires surfaces to be thoroughly wet. An application rate
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of 250-300 ml/m? is the minimum acceptable for any disinfectant. A higher rate is required
on rough or very absorbent surfaces. All disinfectants need to remain in contact with the
disease organisms for ‘a minimum contact time’. In practice at least 30 min contact time is
generally required for effective disinfection. Selection of disinfectant products should take
account of other sanitizers and chemicals used in the terminal disinfection process. This
selection should ensure full compatibility and prevent inadvertent loss of efficacy due to
unintended adverse interactions.

5. Setting up the house. All equipment removed from the house, after being cleaned and dis-
infected, is replaced and litter is spread.

6. Fumigating, misting or fogging. After setting up the house this is a final biosecurity meas-
ure. In many cases the traditional method of formaldehyde fumigation has been replaced
by safer chemicals, applied either with thermal fogging machines or as a fine mist or spray.
After this final process, ensure that the house is closed and secured immediately these steps
are completed to prevent the reintroduction of pathogens.

Effective control of insects, particularly litter beetle, is essential. They are known vectors
of disease, e.g. Gumboro, salmonellosis and Marek’s disease. When an insect problem has
been identified, it is advisable to ‘band spray’ the house immediately on depopulation ahead
of the migration of the bulk of the insects, which commences as soon as the house begins to
cool. Application of a residual insecticide to the walls and floor of the house after comple-
tion of the disinfection procedures will further assist in the control.

Similarly, well-disinfected houses can be rapidly recontaminated by rats or mice, particu-
larly with Salmonella spp. Effective rodent control measures are therefore essential. Baiting
of premises at a time when other food supplies are not present is logical. However, it must
be borne in mind that the disturbance of litter removal will often cause a resident rodent
population to migrate from the houses only to return after the houses are set up. Therefore,
especially in the case of breeder and layer housing, an effective rodent ‘knock down’ prior
to site depletion with intensive baiting several weeks before birds are removed can help to
remove this residual population.

Supervision and checking of the terminal disinfection procedures is essential. In large
integrated operations this responsibility has not always been well defined. The introduction
of HACCP and its verification steps allows a structured approach in this area.

Breeder house hygiene and hatching egg care

The ultimate success of hatching depends largely on the quality of the egg. Egg hygiene starts at
the farm and requires consideration to be given to nest boxes and their management, and to nest
box material, as well as egg handling and storage. All need to be carried out to the highest stand-
ards. Good breeder flock management is vital to ensure the production of a high percentage of
clean hatching eggs. In many areas demand for hatching eggs is such that the undesirable practice
of setting floor and other soiled eggs is required. Minimizing the percentage of these must be a
basic management aim for any flock. Improved technology has developed a number of very effec-
tive automated nesting systems, which ensure a very high standard of egg hygiene, but the high
capital cost involved may prohibit many producers from considering this possibility.

Nest boxes must be kept clean and the litter replaced on a regular basis. Where possible the
use of hay or straw should be avoided as these can often be the source of Aspergillus spores.
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When available, soft wood shavings are the material of choice. Frequent egg collection is vital
and should be done at least four times a day. Nest boxes should be well maintained and given
special attention during the terminal disinfection procedure.

Early sanitation of the hatching egg, as soon as possible after collection, has been shown to
significantly improve hatching results and reduce the incidence of hatchery culls, omphalitis
and other causes of early chick mortality. The increasing awareness of the health risks associ-
ated with aldehydes has led to the investigation of alternatives to formaldehyde fumigation of
eggs. In some areas, egg washing has become a popular procedure, particularly in the wake of
concerns over Salmonella infection. However, this does not always produce the best results if the
procedure is not done well. This has led to the consideration of methods of sanitizing clean nest
eggs by means of chemical sprays, this presenting less risk than egg dipping.

Hand hygiene is an important consideration throughout the various stages of handling hatch-
ing eggs from egg collectors to hatchery staff. The provision of adequate facilities and materials
for this is essential.

Cleaning, disinfection and regular fogging of farm egg stores and equipment is essential, par-
ticularly where eggs are stored on farms for any period. Equally, a high standard of hygiene is
required for egg transport vehicles. These high standards must be maintained during egg hand-
ling on arrival at the hatchery and during subsequent storage.

Hatchery management considerations

The hatchery is the focal point receiving eggs and equipment from a number of sites, which

may vary in their geography, standards of biosecurity and pathogen load. The hatchery therefore

has the greatest potential to magnify these contaminations, being the point source common fac-

tor for every broiler farm in a given company.
As with farms, there are a number of basic management practices that can assist significantly

in achieving the desired hygiene standards within a hatchery.

® Location. Where possible a hatchery should be located at a distance from poultry farms,
while giving consideration to the ease of access to breeder farms for egg collection.

® Layout. Careful planning of the working areas of the hatchery can greatly assist in allowing
hygienic work practices by separating ‘clean’ and ‘dirty’ areas.

® Ventilation. Proper ventilation, with air flow patterns in one direction designed to minimize
the transfer of infection, are essential. Machines must receive adequate clean fresh air and
the air from them should be discharged outside the hatchery in such a way as to minimize
recycling. Similarly, air inlets should be sited as far away as possible from any waste handling
equipment.

® Waste disposal. By making proper arrangements for the disposal of hatchery waste, the
risk of contamination of nearby poultry units or creating an environmental nuisance can be
minimized.

® Site security. As with farms, proper security and control of visitors is essential. This should
include the proper provision of shower facilities, or at least adequate protective clothing.

Hatchery cleaning and disinfection

The cleaning and disinfection of hatchery premises needs to be a well-planned and discip-
lined operation. As with the farm situation, a full HAACP programme should be established.
Consideration must be given to the provision of suitable cleansing and disinfection equipment
and clear instructions laid down for the use of chemicals. The basic criteria mentioned earlier
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for farms have to be applied. Thorough cleaning, followed by adequate disinfection, giving
consideration to dilution and application rates, is vital in all areas for rooms and equipment.
Instructions should include details of the frequency with which procedures should be applied,
which in many areas will be influenced by the frequency of hatch days. All equipment and
chemical proportioning machinery should be regularly calibrated and maintained. Regular bac-
teriological monitoring of all hatchery areas is essential to comply with HACCP monitoring
and verification procedures.

Biosecurity is equally important and where possible the hatchery should be planned to allow
workers to be restricted to particular areas of the operation. Finally, the chick delivery vehicles
should be given the same considerations as the hatchery building.

Hatchery planning should aim at providing a workable flow pattern, both for staff and eggs
and chicks. Basically a division should exist if possible between what can be defined as ‘clean’ and
‘dirty’ areas. The flow of eggs, equipment, personnel and ventilation system should be designed
to move only from clean to dirty areas, without backtracking. Improved hygiene standards will
be achieved if these areas and the staff working within them are separated as much as possible.

Detailed knowledge of the flow pattern of activities within the hatchery enables a HACCP
analysis to be undertaken, which allows effective standard operating procedures and a structured
targeted cleansing and disinfection programme to be put in place.

Biosecurity should be seen as one of the most significant areas of successful poultry manage-
ment. The application of a wide range of procedures and practices aimed at preventing or limit-
ing the exposure of a flock to the adverse effects of disease-causing organisms is the foundation
of economic success in poultry production. Biosecurity procedures require detailed planning
and should be built into a practical and responsive veterinary health and welfare plan. Proper
application and audit of these procedures can be cost-effective in achieving the goal of reducing
the impact of diseases of clinical animal health and public health importance.
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Vaccines and
vaccination

Vaccination plays a key role in the modern poultry industry. Without vaccination its productivity
would not have progressed so successfully and as rapidly as it has over the last few decades. The
reason for this is quite simple. Many infectious diseases are ubiquitous worldwide and airborne
pathogens are difficult to control even with very good biosecurity measures. For the poultry
industry the main practical method of controlling infectious diseases is vaccination.

The primary reason for vaccinating poultry is to reduce the losses due to morbidity and mor-
tality caused by infectious agents. In addition, layer and breeder birds need protection against
diseases causing egg production drops and eggshell deformities.

Vaccination of breeders can also reduce vertical transmission of certain pathogens from breeders to
progeny, thus preventing early outbreaks of diseases. Vaccinated breeders can pass maternal antibodies
to their progeny to protect them against infections during the first weeks of their life. Increasingly,
the aim of vaccination will be to prevent dissemination of zoonoses such as salmonellosis.

Vaccines can contribute greatly to the welfare of domestic and wild animals as well. However,
vaccination can never provide 100% protection against infectious diseases. It is only one but a
very important part of a complex preventive policy, of which biosecurity and hygiene are equally
essential components.

There are now a large number of vaccines available for poultry. Disease control by vaccin-
ation is more effective for some diseases than others and programmes and requirements may
vary considerably in different parts of the world. The diseases for which vaccines are avail-
able are: Newcastle disease (ND), infectious laryngotracheitis (ILT), fowl pox (FP), infectious
avian encephalomyelitis (AE; epidemic tremor), Marek’s disease (MD), egg drop syndrome
(EDS 76), viral arthritis (reovirus), turkey avian rhinotracheitis (TRT/SHS), infectious bron-
chitis (IB), infectious bursal disease (IBD), chicken infectious anaemia (CIA), infectious coryza
(Haemophilus paragallinarum), fowl cholera (Pasteurella multocida), mycoplasmosis (Mycoplasma
gallisepticum and  Mycoplasma synoviae), erysipelas (Erysipelothrix insidiosa), salmonellosis
(Salmonella Enteritidis, Salmonella Typhimurium and Salmonella Gallinarum), colibacillosis
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(Escherichia coli), coccidiosis, haemorrhagic enteritis, Ornithobacterium rhinotracheale and avian
influenza.

At present there are two main types of vaccine available for poultry: live or killed. Vaccines
against different diseases are combined in a programme to give protection against a number of
viral or bacterial diseases.

Killed vaccines consist of a high dose of inactivated antigens combined with an oil emulsion or
aluminium hydroxide adjuvant. They give high and prolonged levels of immunity, especially when
used after ‘priming’ with live vaccine. They must be injected in each individual bird and often anti-
gens of two or more different disease organisms are included in one vaccine (multivalent vaccine).

Live vaccines, on the other hand, usually contain only one antigen and may be administered
by spray (aerosol), via drinking water, eye drop or in some cases by injection. The antigen may
either be the disease organism, which has been deliberately attenuated, i.e. made less virulent by
some suitable means (e.g. H120 strain of infectious bronchitis virus (IBV)) or a naturally occur-
ring mild strain of the organism (e.g. B1 strain of Newcastle disease virus (NDV)).

A smaller amount of antigen is required in live vaccines because the organism will multiply
rapidly in the target organ(s). This organ is the respiratory tract for viruses such as TRT and IB,
or the intestine for AE and the bursa of Fabricius for IBD. Live vaccines may stimulate the pro-
duction of local or mucosal immunity as well as general (systemic) immunity. Multiplication of
the vaccine organism in vaccinated birds is important and excretion may be helpful in produ-
cing a good flock immunity by bird to bird transmission. For example, cycling of vaccine virus is
advantageous in achieving good flock immunity to IBD, ND and IB. However, cycling is undesir-
able with TRT or ILT. Lateral spread of vaccine virus can be very undesirable on multiage sites.
For example, if AE or IB H52 strain spread into older, unvaccinated groups of birds in lay, the
vaccine itself may then cause production problems. Occasionally, birds show a reaction after the
administration of live vaccine, for example mild coughing or ‘snicking” after NDV vaccination,
indicating that the vaccine has ‘taken’. Unless concurrent bacterial or mycoplasma challenge is
present this mild reaction disappears in a few days time and is not a cause for concern.

Vaccination programmes are designed to prevent or reduce losses caused by disease in vac-
cinated birds and/or their progeny. In devising a vaccination programme, both immunological
and commercial factors must be considered, including the following:
® The general health of the flock and the local pattern of disease — vaccine must not be admin-
istered to sick birds
The genetic type and function of the bird
The cost—benefit of vaccination against potential loss
The short- or long-term protection required
The vaccinations or diseases that occurred in the previous generation and would influence
maternal antibody status. Maternal antibody may have a significant effect on the design of a
vaccination programme. For example, the level of maternal antibody against IBD virus deter-
mines the timing of vaccination with different types of IBD vaccines. For TRT, maternal

antibody has no effect on vaccination.
Having decided on the types of vaccine required, the method and frequency of administration
must be considered, and how these can be integrated into a vaccination programme.
Vaccination programmes are not universal. They have to be designed individually according
to the type of birds, production systems and local disease conditions of an area or of a country.
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Live vaccines are usually supplied in vials in freeze-dried form. They should be kept at 4-8°C and

protected from heat and light. Cell-associated MD vaccine is stored and supplied in liquid

nitrogen. After thawing, it is a suspension of living cells containing the MD virus (‘wet’ vaccine).
Most live vaccines are applied by mass application techniques such as drinking water and spray.

Drinking water

Vaccines should be reconstituted in clean, cold water. If the water contains chlorine, skimmed
milk powder should be dissolved in it at the rate of 2g/L or skimmed milk added in the ratio of
2:100. The milk powder or milk should be mixed with the water 20-30 min before adding the
vaccine to give time for neutralization of any damaging components in the water such as chlor-
ine or metallic ions. There are also various ‘water stabilizer’ tablets and powders available that
neutralize the chlorine in the drinking water and at the same time change the colour of water to
light blue or green.

It is not recommended that vaccine solution is put into metal storage tanks. It is essential
to ensure that the whole drinking water system is clean and does not contain any debris such
as rust or dirt and that there are no residues of any sanitizer, which may inactivate the vaccine
viruses. Plastic header tanks or bins are therefore preferred as they can be thoroughly cleaned.

The vaccine should be used as soon as possible after reconstitution and certainly within 2 h.

The procedure of administration is critical as uptake of one full dose (protective dose) by the
individual bird is essential. The most effective uptake of vaccine from nipple drinkers can be
achieved as follows:

1. 'The day before vaccine is due to be administered, the water meter should be read hourly
to determine the pattern of drinking, especially in relation to the timing of the feeders.
This will give an idea of the best time to vaccinate the birds and also the volume of water
required. In the absence of a water meter, the water consumption can be estimated by
measuring the water level in the header tanks, or by other methods. (On farms where bell
or trough drinkers are used the drinkers should be cleaned but not disinfected.) Water sani-
tizers should be withdrawn from the drinker system 2 days before vaccine is administered.

2. On the morning of vaccination the main tap to the drinker system should be turned off
and the drinker system should be raised and drained. If this is not possible the birds should
drink as much water out of the system as possible. It is advisable to remove the filters from
the water line where vaccine passes through. Slime and dirt building up on filters can
concentrate residue of sanitizers, which can reduce the efficacy of the vaccine. When the
drinkers are dry they should be raised, preferably 30—60 min prior to feeder activation. The
vaccine should be mixed in the calculated volume of water, which is treated with milk or
alternative neutralizing products if mains water is used, plus the volume of residual water
within the lines (the drinker lines in a shed may contain as much as 250 L of water). Once
the vaccine is mixed, each drinker line should be drained until the milk or dye-stained
water is visible at the end of each line (priming of the lines). The vaccine can be made more
visible by adding colouring food dye tablets to the mix.

3. When all the lines have been drained and primed, they should be lowered to bird level to
coincide with the feeders activating. Preparation of the lines in this way ensures that birds
at the far end of the water lines also receive vaccine and not just plain water.

4. Walk along the sides of the shed to stimulate birds to move towards feeders and drinkers.
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Table 5.1 ] Volumes of vaccine-containing water (guide only)
AGE (WEEKS) L/1000 BROILERS
2 14
3 21
4 28

5. Ensure that the main tap of the water system is reopened when vaccinated water is con-
sumed just before the header tank runs dry.

Dosing machines (proportioners) are also used for administering vaccine and are more useful
where ad libitum feeding is practised, as the water consumption tends to be constant over time.
If timed feeding is practised it is more effective to use the method described above to ensure
that the majority of birds receive vaccine timed to coincide with maximum water consumption.
Proportioners have their advantages and disadvantages but for certain types of poultry sheds
they are the only way in which vaccines or medications can be administered. Unfortunately, the
recommended concentration of milk necessary to protect the vaccine virus in the water cannot be
achieved using proportioners. To achieve the recommended 2% milk concentration in the drinker
lines one has to use pure skimmed milk for stock solution. Alternatively, the recommended
amount of neutralizing powder or tablets per litre needs to be mixed into the stock solution.

(Where bell or trough type drinkers are used, the freshly prepared vaccine solution should
ideally be poured into clean drinkers within a short period of time, ensuring that each bird in
the shed has an opportunity to take the protective dose of vaccine.)

The appropriate volumes of vaccine-containing water to be used for broilers are given in

Table 5.1.

Spray

The other method of mass administration of live vaccine involves application by spray or aero-
sol. An aerosol generally contains mainly particles of less than 5pum diameter at bird level
(approx. 50um when they leave the sprayer), which can penetrate deeply into the respiratory
tract. This may initiate a severe vaccine reaction with bacteria such as E. coli, resulting in septi-
caemia. Therefore, in certain circumstances a coarser spray with particles greater than 100 pm
diameter when they leave the sprayer is generally preferable to an acrosol and is less likely to
cause an adverse reaction. Aerosol vaccination is recommended for vaccinating birds in areas
where ND is endemic but only after ‘priming’ with ND vaccine in the form of coarse spray.

It is very difficult to measure droplet size accurately under field conditions but with water-
sensitive paper (WSP) a good enough assessment for vaccination purposes can be made. WSP
is a rigid paper with a specially coated, yellow surface. This surface is stained a dark blue colour
when aqueous droplets come into contact with it.

After application of a spray, the WSP is retrieved from the target area and, once dry, the drop-
let pattern can be examined. The size of the blue spots reflects the size of spray droplets landing
on the target area. Comparison can be made with known standards or the spots can be assessed
manually using a pen microscope (Fig. 5.1).

Suitable sprayers for on-farm use are knapsack sprayers or sprayers based on the spinning disc
system (Fig. 5.2). There are also specially designed sprayer cabinets for use in hatcheries for the
administration of IB, and ND, TRT or coccidiosis vaccines to day-old chicks (Fig. 5.3).
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Vaccine should be reconstituted in distilled or deionized water, not tap water, as the latter can
contain sanitizer (chlorine), dissolved solids and salts, which concentrate rapidly as spray drop-
lets evaporate and this can be harmful to the vaccine virus. The volume of water is determined
by the age of the birds and type of sprayer. For day-old vaccination 200-400 mL of water per
1000 chicks or poults is generally sufficient. If knapsack sprayers are used during rearing or lay
500-1000mL of water per 1000 birds may be required to achieve uniform vaccine cover. The
volume of water for spinning disc sprayers is much less than this and the manufacturer’s recom-
mendations should be followed.

Spray vaccine is generally more effective in a controlled environment than in open-sided
houses. In closed houses, fans should be turned off with the inlets and outlets closed, the lights
should be dimmed and the birds allowed to settle quietly before spraying commences.

Fig. 5.1 Blue spots on WSP examined by a pen Fig. 5.2 Ulvavac fan sprayer for spray vaccination on the
microscope. farm. (Courtesy of Micron Sprayers Ltd, UK.)
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Fig. 5.3 Vaccination of chicks in boxes by overhead spray in the hatchery.
(Courtesy of Intervet UK Ltd.)
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Eye drop

Of all the methods of administration of live vaccine, the eye drop or intranasal route is probably
the most effective, although very time-consuming and labour intensive. Accuracy is important
and the vaccine must disappear after a blink (eye drop) or inhalation (intranasal) before the bird
is released.

This method is extremely effective for the administration of TRT vaccine, where it is import-
ant that each bird receives a full dose of vaccine. It is also used for ILT vaccine and for ND
where this is endemic.

Injection

Live vaccines may have to be administered by injection as in the case of MD vaccines (Fig. 5.4),
certain Chicken anaemia virus (CAV) and reovirus vaccines. The injection route, either intra-
muscular or subcutaneous, is the only one used for inactivated (killed) vaccines (Fig. 5.5).
Automatic syringes are used to a preset dosage. It is important that the equipment is regularly
checked to ensure that the dosage is correct and also that the needles are changed regularly (e.g.
after each bottle of vaccine or every 500 birds) to minimize the spread of contaminants. A nee-
dle sanitizer sleeve containing a biocide-treated sponge can be fitted on to the syringe to ensure
aseptic injections up to 500 times. Injection may be subcutaneous in the back of the neck
or, more usually, intramuscular into breast or leg. The breast offers a safer target area than the
‘drumstick’ of the leg where tendons, nerves or blood vessels can be hit above the hock joint,
leading to unnecessary suffering and lameness. The tip of the keel bone gives a very good orientation
point for breast vaccination. Ideally the needle should be inserted laterally on either side of the
breast, approximately 2—-3 cm away from the tip of the keel (Fig. 5.6). If the needle is inserted
too far from the keel into the flank area or at the tail end of the keel bone, vital organs such as
heart or liver can be hit and the bird may die.

In certain countries inactivated vaccines are administered into the muscular part of the tail or
subcutaneously into the inguinal flap.

Accuracy is important as incorrect needle placement can result in head swelling, granulomata,
liver punctures or lameness, depending on the injection site. The most frequently used needles
for inactivated vaccines are 12.5mm (half inch) long and 1.1 mm (19 gauge) thick.

Fig. 5.4 Marek’s disease vaccination by subcutaneous Fig. 5.5 Breeder vaccination by the subcutaneous route.
injection in the hatchery. (Courtesy of Intervet UK Ltd.) (Courtesy of Intervet UK Ltd.)
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Fig. 5.6a,b The ideal area for breast vaccination. (Courtesy of Intervet UK Ltd.)

Wing web

Vaccination via the wing web is the principal method of administration of fowl pox (FP) vac-
cine. Epidemic tremor vaccine is compatible and sometimes the two products are combined. It
is important to use a two-pronged applicator. This provides twice the area inoculated and results
in better protection. Care should be taken to avoid the vaccine coming into contact with the
bird’s eyes or mouth. The application site on the wing web should be examined 5-7 days post-
vaccination to ensure a ‘take’. This should appear as a slightly raised and swollen area.

In feed

This method has been used for the distribution of live thermostable ND vaccine to widely dis-
persed small backyard flocks in areas such as India, Ethiopia and south-cast Asia. Results have
been rather erratic.

In ovo

‘This system is now being used in a number of countries for the administration of MD and
other live vaccines. Fertile chicken eggs are inoculated at 18 days on transfer to the hatchers.
It is hoped that this system will ultimately be suitable for administration of a number of live
vaccines.

Vaccination programmes vary considerably from area to area and country to country, according
to the local pattern of disease.

Broilers

Broilers may be killed at any time between 35 and 80 days of age, so vaccine requirements may
vary considerably depending on slaughter age.
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Fig. 5.7 Vaccination of chicks by coarse spray on arrival at the farm. (Courtesy of Intervet UK Ltd.)

The virulent strain of IBD virus is endemic in many countries now and two doses of inter-
mediate strain vaccine are usually required, given at about 17 and 24 days, depending on levels
of maternal antibody. Alternatively, one dose of ‘intermediate plus’ strain vaccine may be given
on farms where there is a history of acute IBD with high mortality. This vaccine is given in the
drinking water at about 14 days of age but should not be given to birds without maternal anti-
body. The timing of IBD vaccinations with intermediate plus type vaccine can be more accur-
ately determined using the Kouwenhoven or other formula based on measurement of maternal
antibodies by the enzyme-linked immunosorbent assay (ELISA) test. To get meaningful results
at least 20 serum samples from 1-day-old chicks from each breeding flock need to be tested.
ELISA kit and vaccine manufacturers provide customers with computer software for calculating
ideal times for IBD vaccination.

meanELISA titre (20sera) - 22.36 + 1
2.86

Day of vaccination = \/

where 22.36 = \f/350 Index units (the threshold at which vaccination is possible); 2.82 = half-
life of antibody in days; 1 = birds placed on farm on first day of life.

IB vaccine is required in most countries to control both variant and classical IB. It is usually
administered by coarse spray in the hatchery to day-old chicks or on arrival at the farm while
the chicks are still in the boxes (Fig. 5.7) and then a second dose of IB vaccine is given at around
20 days by spray or via drinking water. In most countries the vaccine is of Massachusetts sero-
type, but local conditions may require the use of other serotypes as well, such as Connecticut,
Arkansas, Dutch variants or the UK variant IB 4-91.

NDV challenge is still important in many countries too. The first vaccination can be given
as coarse spray in the hatchery. However, if there is a possibility that day-old chicks are infected
with M. gallisepticum or pathogenic E. coli, postvaccinal reaction can occur, particularly if the
spray contains fine (<<5.0pum at bird level) droplets. The second dose of ND vaccine can be
given via drinking water or fine spray around 21 days of age. Severe challenge conditions may
demand the use of live ND vaccine (spray or eye drop) and a killed oil emulsion ND vaccine
(injection) at 1 day old. This combined vaccination usually gives sufficient protection for the
short life of broilers. However, in heavy-challenge areas, particularly on multiage farms, a second
spray vaccination at 18 days may be necessary.
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. Table 5.2 | Vaccination programme for broilers (UK)

AGE (DAYS) VACCINE ROUTE
1 Infectious bronchitis (H120/Ma5/D274/IBmm/Ark) Coarse spray
Newcastle disease (HBI/Clone 30/NDW) Coarse spray (optional)
Marek’s disease Injection (optional)
TRT Spray (optional)
Coccidiosis Spray (optional)
7 TRT Spray (optional)
10-14 or 14-16 Infectious bronchitis IB 4-91 Water or spray (optional)
16 Infectious bursal disease (intermediate plus)
18 Infectious bursal disease (intermediate) Water
24 Infectious bursal disease (intermediate) Water
Newcastle disease (HBI/Clone 30) Spray/aerosol (optional)
Infectious bronchitis (H120/Ma5) Spray (optional, not necessary if
IB 4-91 used at 14-18 days)

MD vaccine is given routinely by injection at 1 day old or in ovo to 18-day-old embryos in
countries which reuse litter and therefore have a high residual challenge, or where birds are to
be kept to 55 days of age or more.

As a general rule two live vaccines should not be given at the same time but separated ideally
by 14 days (minimum 7 days) to avoid the phenomenon of interference.

A vaccination programme for broilers in the UK is given in Table 5.2.

Broiler and layer breeders

All breeders receive MD vaccine at 1 day old. Generally the cell-associated ‘wet’ vaccine is
considered the most effective and it may be either attenuated Marek’s disease virus (MDV) or
Turkey herpes virus (THV) or a combination of both. Rispens (serotype 1) is widely regarded
as a very effective vaccine but in some countries SB1 (serotype 2) or various combinations of
two or three serotypes may be used. Sometimes a second dose of vaccine is given at around
7-14 days of age and is considered an effective means of preventing disease in areas of high
challenge.

Breeding birds are always vaccinated for IB and ND. Live vaccines are administered initially
to give protection from disease during the rearing period but also to act as primers for the inacti-
vated vaccine given later. In the UK the first live ND vaccine (B1) is usually given at about 3
weeks and this may be followed by one or more doses of B1, Clone 30, or other strains depend-
ing on the local level of challenge. Killed ND vaccine is given around 16-18 weeks of age to
provide protection through lay and to give maternal antibody to the progeny. The first dose of
IB vaccine (H120 or Ma5) is usually given at 3 weeks of age in the UK. Further doses of H120
or Ma5 vaccine may be used every 6-8 weeks during the laying period if IB infection pressure
or challenge is high.

There are a number of live variant strains of IB vaccine available in different countries and
these may be used if permitted by the authorities. ND, IB, IBvariant, reovirus, TRT and IBD
killed vaccines are used in various combinations and are given at between 16 and 18 weeks,
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Fig. 5.8 Day-old application of coccidiosis vaccine. (Courtesy of Shering Plough Animal Health.)

normally as one injection. Live and killed TRT vaccines are part of most breeder vaccination
programmes and are essential to reduce the impact of challenge by avian pneumovirus, the
cause of swollen head syndrome.

IBD vaccine is required in areas of high challenge. Usually an intermediate strain is used at
around 3-5 wecks of age. Killed IBD vaccine is given at 16-18 weeks to provide even levels
of maternal antibody in the progeny chicks. This helps to plan the timing of IBD vaccination of
broilers and layers.

CIA virus live vaccine is now available in many countries and immunization of breeders is
very important in preventing the devastating effects of this condition in the progeny. A single
dose of live vaccine is given after 6 weeks of age.

Breeders all over the world are given a single dose of live infectious avian encephalomyeli-
tis (IAE) vaccine at around 14 weeks in the drinking water. Again this gives protection to the
progeny.

In the UK all broiler breeders have to be vaccinated against S. Enteritidis and S. Typhimurium.
This can be done by two doses of the combined SE + ST inactivated vaccine or by various regi-
men of live SE and ST vaccines.

Depending on the conditions in the country FP, fowl cholera, ILT, infectious coryza, avian
rhinotracheitis, influenza, viral arthritis (reovirus) and EDS vaccines may be required and have
to be fitted into the vaccination programme.

Live coccidiosis vaccines are now available worldwide and used successfully in the prevention
of coccidiosis. Some of these vaccines are based on precocious strains of Eimeria species; others
contain more virulent strains. They can be applied in the hatchery by spray at 1 day old, during
the first week of life via drinking water or sprayed on feed (Fig. 5.8).

S. Enteritidis and S. Typhimurium killed and live vaccines are valuable recent developments
and are very effective in reducing transmission of these pathogens from breeders to progeny and
further on to humans.

Reovirus vaccine (live and killed) is used in many countries and appears to reduce the inci-
dence of reovirus-associated infections (malabsorption syndrome, viral arthritis and femoral
head necrosis) in breeders and their progeny.
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. Table 5.3 | Vaccination programme for broiler breeders (UK)

AGE VACCINE ROUTE
1 day Marek’s disease (Rispens + THV) Intramuscular injection
5 days Coccidiosis Drinking water
7-10 days Marek's disease (THV) Intramuscular injection (optional)
3 weeks Newcastle disease (B1/Clone 30) Spray/drinking water
Infectious bronchitis (H120/Ma5) Spray/drinking water
4 weeks Infectious bursal disease Drinking water
6-18 weeks Chicken infectious anaemia (live) Injection/drinking water (optional)
10 weeks Newcastle disease (B1/Clone 30) Spray/drinking water
Infectious bronchitis (H120/Ma5) Spray/drinking water
12 weeks Turkey rhinotracheitis Spray
Salmonellosis (SE + ST) Injection
Reovirus Injection (optional)
Ornithobacterium rhinotracheale Injection (optional)
14 weeks Infectious avian encephalomyelitis Drinking water
18 weeks Infectious bronchitis (killed) Intramuscular injection
Newcastle disease (killed) Intramuscular injection
Infectious bursal disease (killed) Intramuscular injection
Turkey rhinotracheitis (killed) Intramuscular injection
Salmonellosis (SE + ST) Intramuscular injection
Reovirus Intramuscular injection (optional)
O. rhinotracheale Intramuscular injection (optional)

The vaccination programme for layer breeders is very similar and may include EDS vaccination at 1618 weeks of age.
SE, Salmonella Enteriditis; ST, Salmonella Typhimurium.

Vaccination programmes for breeders in the UK, Asia and South America are given in

Tables 5.3, 5.4 and 5.5 respectively.

Commercial layers

The requirements for commercial layers are similar to those for breeders, but there are some
differences.

Young egg-laying strains of bird are very susceptible to the virulent forms of IBD infection.
Thus up to three doses of intermediate strain vaccine may be given at 14, 21 and 28 days by
drinking water. If the level of challenge is very high, a single dose of ‘intermediate plus’ vaccine
has been shown to give protection. Requirements for ND, IB, AE, TRT and MD vaccines are
similar to those of breeders. Live respiratory disease vaccines may be sprayed on to birds in cages
(Fig. 5.9).

Laying birds are usually kept on multiage sites, so the level of biosecurity is not as good as
for breeders. Extra attention should be paid to prevent the spread of certain live vaccines to
susceptible birds on the same farm. EDS vaccine may be required and is given by injection at
16 weeks of age as a single dose. EDS immunity is unusual in that it requires only one dose
of killed vaccine and no live primer is required. Live ILT vaccine is given by eye drop in areas
where ILT is endemic.
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. Table 5.4 | Vaccination programme for broiler breeders (Asia)

AGE VACCINE ROUTE
1 day Marek’s disease (Rispens) Intramuscular injection
Infectious bronchitis (H120/Ma5) Intraocular/spray
Newcastle disease (B1/Clone 30)
35-10 days Coccidiosis Drinking water/spray on feed
7 days Newcastle disease Intraocular
Reovirus Subcutaneous injection
14 days Infectious bursal disease Drinking water
3 weeks Newcastle disease + IB (Ma5 + LaSota/Clone 30) Intraocular/spray
Fowl pox Wing web stab
4 weeks Avian influenza Subcutaneous injection
Infectious bursal disease Drinking water
6 weeks Infectious coryza Intramuscular injection
Mycoplasma gallisepticum Intramuscular injection
Reovirus Subcutaneous injection
8 weeks Infectious bronchitis + ND (H120/Ma5 + Clone 30) Drinking water/spray
Newcastle disease (LaSota/Clone 30) Spray
10 weeks ILT Intranasal
Fowl pox + AE Wing web stab
Reovirus (live) Intramuscular injection
12 weeks Avian influenza Intramuscular injection
Fowl pox Wing web stab
14 weeks Infectious avian encephalomyelitis Drinking water
15 weeks Newcastle disease + IB Spray/eyedrop
ND + IB + EDS Intramuscular injection
Infectious coryza Intramuscular injection
16 weeks Newcastle disease (killed) Intramuscular injection
18 weeks M. gallisepticum Intramuscular injection
20 weeks ND + IB Eye drop
ND + IB + IBD + Reovirus Subcutaneous injection
38 weeks ND (Clone 30) Drinking water/eye drop
Avian influenza Intramuscular injection

AE, avian encephalomyelitis; EDS, egg drop syndrome; IB, infectious bronchitis; IBD, infectious bursal disease; ILT, infectious
laryngotracheitis; ND, Newcastle disease.

Is some countries live or killed M. gallisepticun and/or M. synoviae vaccines are used,
where these diseases have not been eradicated or eradication would be expensive and
impractical.

As with breeders, infectious coryza, fowl cholera and pox vaccines are used in endemic areas.
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. Table 5.5 | Vaccination programme for broiler breeders in South America

AGE VACCINE ROUTE
1 day Marek’s disease (Rispens/HVT + SB1) Intramuscular injection
Newcastle disease (killed) Intramuscular injection (optional)
1-7 days Infectious bronchitis (H120/Ma5) Spray/intraocular
Newcastle disease (La Sota/Clone 30) Spray/intraocular
7-10 days Infectious bursal disease Drinking water/spray/intraocular
7 days Reovirus (1133) Subcutaneous injection
18-21 days Infectious bursal disease Drinking water/spray/intraocular
25-28 days Newcastle disease (La Sota/Clone 30) Drinking water/spray/intraocular
5 weeks Turkey rhinotracheitis Spray
8 weeks Reovirus (1133) Subcutaneous injection
Infectious bronchitis (H120/Mab5) Drinking water/spray/intraocular
Newcastle disease (La Sota/Clone 30) Drinking water/spray/intraocular
Newcastle disease (killed) Subcutaneous/intramuscular injection (optional)
10 weeks Turkey rhinotracheitis Spray
6-14 weeks Chicken infectious anaemia (P4) Subcutaneous/intramuscular injection
6-12 weeks Avian encephalomyelitis/pox Wing web stab
18 weeks Newcastle disease (killed) Subcutaneous/intramuscular injection
Infectious bronchitis (killed)
Reovirus (killed)
Infectious bursal disease + variant IBD (killed)

Fig. 5.9 Vaccination of layers in cages by spray. (Courtesy of Intervet UK Ltd.)

Commercial turkeys

In certain European countries, TRT has become endemic and live vaccine is needed as an essen-
tial part of the control programme. It can be given by spray or eye drop and is best applied at
1 day old in the hatchery. Sometimes a second dose is given by spray at about 6-10 weeks for
birds destined for heavier weights. Fowl cholera vaccine may be required on certain problem
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farms. Where haemorrhagic enteritis is a problem, in countries such as France, the USA and
now in the UK, the impact of the disease can be reduced by a single dose of live vaccine given at
4 weeks of age in drinking water.

ND vaccine may be required in endemic areas.

Turkey breeders

Turkey breeders are normally immunized against ND but this requires more doses of vaccine
than for broiler breeders as the turkey seems to be less responsive. Depending on the epidemi-
ological situation at least three doses of live vaccine may be required. The spray method gives a
better response than the drinking water route. La Sota or Clone 30 can be used as a primer in
turkeys and their ‘take’ is better than B1. At least two doses of killed vaccine are required. The
most difficult problem for immunization is fowl cholera, caused by P multocida. Two doses of
killed vaccine are normally given 4 weeks apart during the rearing period, usually between 10
and 24 weeks. In areas of very high challenge it may be necessary to start immunization as early
as 8 weeks, with two initial doses of vaccine given 4 weeks apart followed by a third before lay
and even a fourth during lay. Two priming doses of live vaccine given orally are used in some
countries (e.g. USA) but live cholera vaccines are not licensed in the UK. Pox vaccination is
often required for turkeys in hotter climates (e.g. California and Australia). Two doses are given
by wing web stab; the timing will depend on when challenge is likely to occur.

Vaccines for rhinotracheitis are now available in the USA, where this condition is caused by
Bordetella avium, while in Europe TRT, which is a clinically similar disease, is caused by avian
pneumovirus. To protect against TRT infection, breeders require live priming vaccine given by
spray at 1 day old and about 6 weeks, followed by killed vaccine given at 14 and 22 weeks. The
current live TRT vaccines seem to be capable of giving cross-protection against the new ‘type C’
pneumovirus isolated recently from turkey flocks in the USA.

Paramyxovirus (PMV-3) vaccine is often used to prevent drops in egg production due to this
infection.

Table 5.6 gives a vaccination programme for turkey breeders in the UK.

Ducks

For breeders and commercial birds, duck virus hepatitis (DVH) vaccine and duck viral enteritis
(DVE) are needed. In some countries they are also vaccinated against fowl cholera (Tables 5.7
and 5.8).

The DVH vaccine referred to here is for DVH type 1. There may be a requirement in some
areas for DVH type 2 vaccine.

Game birds

Quail, pheasants and partridges may need ND vaccine in areas of risk. If so, a similar programme
to that given for broiler breeders may be followed. Pheasants can carry viruses such as IB and
TRT, which are present in chickens or turkeys too. Challenge with these viruses can sometimes
result in pheasant mortality as a result of so-called coronavirus-nephritis or respiratory disease
similar to swollen head syndrome of chickens. Vaccination of pheasant flocks against these dis-
eases has proved to be successful in certain game units in the UK and might be necessary in the
future.
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. Table 5.6 | Vaccination programme for turkey breeders (UK)

AGE VACCINE ROUTE

1 day Turkey rhinotracheitis (live) Spray

2 weeks Newcastle disease (HBI) Spray

6 weeks Newcastle disease (Clone 30) Spray
Turkey rhinotracheitis (live) Spray

10 weeks Newcastle disease (Clone 30) Spray
Turkey rhinotracheitis (live) Spray
Pasteurellosis and erysipelas* (killed) Injection

12 weeks Avian encephalomyelitis (live) Drinking water

14 weeks Newcastle disease, TRT, PMV-3 (killed) Injection
Pasteurellosis and erysipelas (killed) Injection

20 weeks Infectious avian encephalomyelitis Drinking water

24 weeks Newcastle disease, TRT, PMV-3 (killed) Injection
Pasteurellosis and erysipelas (killed) Injection

* The combined pasteurella + erysipelas vaccine is no longer available in the UK.

. Table 5.7| Duck breeders

AGE VACCINE ROUTE

1-10 days Duck virus hepatitis (DVH) Web stab

2-3 weeks Fowl cholera Intramuscular injection
6-7 weeks Fowl cholera Intramuscular injection
8-9 weeks Duck viral enteritis Intramuscular injection
20 weeks Duck virus hepatitis (DVH) Intramuscular injection

Table 5.8 | Commercial ducks
DVH IMMUNITY STATUS AGE VACCINE ROUTE
No maternal immunity 1 day DVH Web stab
Maternal immunity present 10 days DVH Web stab
2-3 weeks Fowl cholera Intramuscular injection

Molecular biology has now developed to the extent that techniques are available that make it pos-
sible to insert into a vector (either a nonpathogenic virus or bacterium) those genes from a patho-
genic organism that are known to be important in conferring protection. Following inoculation
into an animal, the vector will replicate and, in so doing, the inserted gene is also replicated and
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its product is expressed, which can then stimulate an immune response to the insert in addition
to the vector. Theoretically, this opens up the possibility of a new generation of vaccines, often
called recombinant DNA vaccines, in which the advantage of the safety of killed vaccines is
combined with the efficacy of live ones.

The choice of suitable vectors is important. They must be capable of being given by mass appli-
cation methods and frequently must replicate in the face of maternally derived immunity. Two
existing poultry vaccines, herpesvirus of turkeys (HVT) and fowl pox virus (FPV), are suitable for
use as vectors and experimental studies have shown that, for example, the F gene of either NDV
or TRT virus can be inserted into these vectors and be expressed in the birds following inoculation
of the vector and also confer protection against experimental challenge with pathogenic NDV or
TRT virus respectively. Thus, the system has potential for commercial use and it is certainly attrac-
tive that protection against both the vector (HVT or FPV) and the inserted genes can be achieved
in a single vaccination. However, it is still unclear whether these vaccines will have any signifi-
cant advantages over existing conventional ones in, for example, the type or duration of immu-
nity which they confer. One recombinant DNA vaccine (FPV containing the protective genes of
NDV) has recently been licensed for use in poultry in the USA so the performance of such a vac-
cine can now be assessed under field conditions.
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Medicines and
medication

The techniques discussed in the previous two chapters, biosecurity and vaccination, have had
a major impact on the occurrence of disease in poultry production. However, disease can still
occur. Medication may be intended to target the specific pathogen or an opportunistic bacterial
infection secondary to a viral disease. Medication or supply of normal nutrients such as vitamins
and electrolytes may also be used to provide symptomatic relief or compensate for the effects of
reduced feed intake. The primary objectives of medication are to reduce mortality, to prevent
ongoing debilitating effects of the disease and to alleviate suffering and discomfort. In commer-
cial poultry production the objective is to ensure that the costs associated with medicines and
medication are recovered by the reduction in disease-related losses and improved productivity.

PHYSIOLOGICAL, PATHOLOGICAL AND MANAGEMENT
FACTORS AFFECTING THE OUTCOME OF MEDICATION

Individual medication of poultry is occasionally practised, either on its own or in addition to
flock medication. This strategy is used for severe localized problems, for instance eye and wound
infections. Given the labour cost associated with individual medication it is more likely to be
used in stock of relatively high unitary value, typically breeding stock. As the market for such
use is very limited, there are few products specifically approved for individual application in
poultry. However, individual medication is to be encouraged when practical, effective and pos-
sible without resulting in residues in any resulting food products.

In most other situations all birds in an affected group are medicated. The beneficial effects
of such usage are well documented in controlled trials (e.g. Glisson et al 2004). There are a
number of approved products and indications for use in group medication in most countries.
For less numerous poultry species (turkeys, ducks, geese, game birds) there are generally fewer
products with specific approvals than there are for chickens.
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No benefit Benefit

Healthy

Fig. 6.1 The 'Iceberg effect’. Not all of the apparently sick birds benefit from medication, some apparently healthy
birds do.

There are a number of sound reasons that dictate that flock-based medication will nearly
always be the method of choice. The main one we might describe as the ‘iceberg effect’. A poul-
try flock suffering a disease challenge is analogous to an iceberg, as shown in Figure 6.1. Sick
birds may be detectable on cursory or careful inspection but apparently healthy birds will often
have lesions if culled for post-mortem examination. There may be no direct correlation between
discernible sickness at the individual bird level and benefit from medication. In some cases the
birds that are clinically ill respond poorly to medication. This may be because of the advanced
state of their illness or because of poor feed and water intake. Others, which are sick but have
not yet developed clinical signs, often benefit from prompt, effective medication. In other
words, every sick flock may be divided into a 2 X 2 contingency table similar to Figure 6.1.
The greater the number of birds in the two right-hand quadrants of this table the more likely it
is that medication is required. Although the actual number of birds in each quadrant is always
unknown, an experienced poultry veterinarian will use all available data (such as post-mortem
examination, results of microbiological examination, mortality and culling trends, previous site
history, etc.) to estimate the benefit of medication in a particular situation.

Other benefits may be cited for flock medication. As there is intimate contact between large
numbers of individuals in a poultry flock, control of infection (as distinct from disease) may
benefit by reducing the exposure of flockmates. It should be kept in mind that the number
of bird-to-bird routes of infection (RI) rises exponentially as the number of susceptible birds
increases (one version of the formula is RI = 7 X (n — 1) where 7 is the population size). For
a typical-sized commercial poultry flock the number of routes will be in the range of 10 million
to 1 billion, assuming that all are susceptible. A further major benefit of flock-based medication
compared to individual medication is that it avoids the need to bring large numbers of tempo-
rary staff into contact with a flock suffering from disease. This reduces stress on the flock and
decreases the risk of a new disease or spreading the disease being treated to other flocks.

Drinking water or feed usually serves as the carrier for distributing and administering prod-
ucts used in the medication of poultry flocks. Although water intake closely follows eating pat-
terns in healthy subjects, water medication is often desirable in sick flocks because disease affects
water consumption less than feed intake. Water medication may, in addition, be implemented
more rapidly in most circumstances. For these reasons this chapter concentrates on aspects of
water medication. Administration of medicines via feed is used to extend the period of medica-
tion after initial water medication and for prophylactic treatment. Availability of dual feed bins
enhances the control of in-feed medication because they can be used to avoid mixing medicated
and unmedicated feed in the bin, so helping to ensure that the correct dose is administered.
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Feed medication may also be preferable in flocks of ducks or geese held under free-range condi-
tions or game birds in release pens because of the difficulty of medicating all sources of drinking
water. Even for waterfowl in confined housing, water spillage results in considerable wastage
(typically up to 50%) and this should be taken into account when calculating dosage. Nipple
drinkers are used in modern systems and reduce water wastage.

Proper therapy in water requires adequate dosage and this must take into account both the dose
and the duration of treatment. The dose of medicines has often been expressed as concentration of
the active ingredient (usually parts per million, ppm). However, water consumption, irrespective of
health status, varies widely according to bird species, age and ambient temperature. For example,
3-week-old broilers, adult breeder hens and breeder turkeys given a compound at 200 ppm in water,
will, at normal ambient temperature, be dosed with approximately 40, 20 and 10mg of active
agent per kg body weight (BW) per day respectively. Relative water consumption and subsequent
intake of the active ingredient decrease with age, being about half the quantity in adults compared
to young birds. Within the temperature comfort zone (15-25°C) water consumption per unit BW
mass and the ratio water/feed intake remain fairly stable. However, they increase abruptly once the
heat stress threshold (typically 27°C for well-feathered birds) is exceeded. Hence in tropical cli-
mates the drug dose can be two to three times higher than under temperate conditions, at a given
ppm dosage in water. For these reasons it is usually preferable to express the dosage as mg active
agent per unit BW. The possible exception would be treatment for intestinal disease, where the aim
is to achieve an effective concentration in the intestinal contents. When the concentration of active
agent in water is converted into dose per kg metabolic weight (BW?7%), the relationship between
concentration and dose per kg is constant, regardless of age. With most antimicrobial drugs, how-
ever, the serum concentrations are proportional to drug intake per kg real BW within a specific age
range. Data sheet recommendations for medicines in poultry are now more likely to show dosages
on the basis of BW as opposed to those based on concentration in drinking water.

Lighting schedules, feeding programmes and disease strongly influence water consumption
patterns. Broilers in controlled-environment houses, if given continuous light, eat and drink
intermittently with little or no difference between day and night. Broilers and growing turkeys
are now commonly managed under lighting programmes (with a dark period) that are likely to
influence water consumption. Layer hens consume two-thirds of their total daily water and feed
during the last 4-6h of the light period. Maximal water intake in replacement breeders under
feed restriction occurs during a few hours following feeding. Kidney disease may also increase
water intake because of associated water losses.

For all the above-mentioned reasons administering medicines on the basis of a straightfor-
ward concentration of active ingredient in the water can lead to highly inaccurate dosing and

should be avoided.

The risk of epidemic (or, more correctly, epizootic) spread of infectious agents, both poultry path-

ogens and zoonotic organisms, is ever-present on poultry farms. This risk is higher in large, inte-
grated poultry companies with common chick and feed supplies, particularly in geographical areas
of high poultry density. This has made technical advisory staff ever more vigilant with respect to
the use of medicinal products in a timely fashion. In the classical approach, medicines are used
in situations where a clinical cure for diseased flocks is required (therapy). Sometimes disease is
so predictable that preventive or prophylactic medication is required. The term ‘metaphylaxis’
has been coined for the application of medicines to birds or flocks likely to be infected (and so
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exposed to an imminent disease risk). Medication is usually applied as soon as premonitory dis-
ease signs appear in just a few subjects of the group. Such strategic medication in anticipation of
major disease damage is justifiable under conditions of good farm management, timely availability
of flock health information, adequate diagnostic support and professional veterinary supervision.
Oral treatment requires sufficient stability and good solubility or homogeneous distribution of
the product in water or feed. Freshly medicated solutions should be prepared every day. Water treat-
ment medicines are commonly administered via bulk water tanks (typically 500-1000L capacity)
under low pressure or via water proportioners that meter the active ingredient into the water system
at the appropriate dosage. Attention should be paid to less soluble inert fillers or precipitation due
to unusual pH or hardness of drinking water, which may block drinking nipples and valves in water
distribution equipment. The daily dose can be calculated on the basis of the weight of a bird sample.
Alternatively, and in many instances, the total live mass to be treated can be calculated by multiply-
ing the normal standard BW found in the manual guide by the flock size. As growth is usually lin-
ear, the actual BW can be interpolated between weekly weights. The total daily amount of drinking
water needed by the flock can be derived from the daily total feed intake and the ratio of water con-
sumption to feed intake, which is fairly constant for a given bird species in the temperature comfort
zone. The ratio of water consumption to feed consumption is often taken to be 1.8-2 in chickens
and turkeys and 3 in domestic ducks. In well-managed farms that have water flow measuring devices

installed in every poultry house, the total daily water consumption can be assessed precisely.

Drug toxicity is usually associated with incorrect treatment programmes or accidental overdosage.
Medicines with a narrow therapeutic margin (lethal dose/effective dose, LDso/EDs) that have been
used in the past in poultry medicine are dihydrostreptomycin, furazolidone and nonpotentiated
sulphonamides but these are rarely used today (and furazolidone is prohibited in most countries).
Specific examples are discussed in some detail in Chapter 40, and in Reece (1988). The occurrence
and degree of adverse effects are very dependent on dose and length of treatment. Within the same
product category even slight changes of the chemical structure of a compound can substantially
modify target animal safety. Impaired palatability of the drug in feed or water may also indirectly
affect bird health and performance by reducing feed or water intake. Turkeys are more taste-sensitive
than chickens. Dehydration can occur in young poults subsequent to refusal of medicated water.

Certain narrow-spectrum Gram-positive antibiotics have been shown to disturb the inherent
Salmonella colonization resistance of the avian indigenous gut flora in a dose-dependent way.
More research is needed to clarify the capability of antimicrobials to disrupt components of
the intestinal flora that are protective against colonization of pathogenic enterobacteria. Use of
normal caecal flora (‘competitive exclusion’ products) may play a role in minimizing this effect.
Antibiotic use may also mask the occurrence of infections subject to routine monitoring by pre-
venting their detection with the tests normally used. Official disease control programmes may
restrict antibiotic use in particular circumstances to avoid this effect, as is being planned for the
monitoring of Salmonella in chicken breeders in the EU.

In case of doubt about drug compatibility, information must be obtained from the manu-
facturers. The same holds for possible detrimental effects of antimicrobials or their diluents on
Marek’s disease vaccine virus in solutions for parenteral injection. Adverse reactions may include
suspected adverse reaction in the user or unexpected lack of efficacy. When suspected adverse
reactions do occur, most countries have a formal system for recording and investigating them.
Both end users and veterinarians are encouraged to report such occurrences.
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Miscellaneous products

Soluble multivitamins are used for treatment of specific deficiencies, such as rickets. However,

poultry suffering a range of disease challenges tend to benefit from additional supplementation

because of a number of factors:

¢ Damaged intestines can reduce absorption of vitamins

® Damage of any tissues may increase requirement because of the reparative mechanisms

¢ Activation of the immune response mechanisms may also increase requirement

® Damage to the liver can reduce storage and mobilization of vitamins

® Reduced feed intake due to disease tends to reduce the availability of vitamins when demand
is increasing.

The water-soluble vitamins (sometimes called B complex) are not stored in the body, so any def-

icit of these tends quickly to have an effect. The fat-soluble vitamins (A, D, E and K) are usually

well stored in the liver so daily intake is less critical. In some countries maximum daily intakes

of vitamins A and D are intended to avoid excessive levels accumulating in livers. Water-soluble

supplements are a convenient and effective way of improving intake of important vitamins at

particular times of increased demand. Balanced salt or electrolyte solutions may also be of ben-

efit in diseases characterized by abnormal intestinal or respiratory function.

Analgesic and anti-inflammatory products are approved in some countries. Usually these are
based on aspirin or soluble aspirin. These treatments have the potential to provide symptomatic
relief in a variety of diseases characterized by acute inflammation and help improve the ability of
affected birds to maintain adequate feed and water intake.

Antiparasitics

Prophylactic medication for coccidiosis is commonly practised in commercial chickens and tur-
keys reared on litter, while for both turkeys and game birds, control of Histomonas and flagel-
lates may also be required but is not currently available in the EU (see Table 39.2). Anticoccidial
medication (or vaccination) occasionally fails, so medication for treatment of these diseases is
also required. Prophylactic medication for worms is sometimes required, especially for long-lived
birds and those allowed access to range.

Antiviral products

In spite of the fact that most primary disease in commercial poultry is caused by viruses, anti-
viral compounds have not been marketed or developed for use in poultry in Europe, although
there are reports of their use in some other areas of the world. Some use of natural antiviral
proteins produced by the immune system, known as cytokines, has been made experimentally.
Antiseptics and disinfectants approved for spraying in poultry houses and for sanitizing drinking
water may help to reduce viral challenge at the flock level by reducing bird-to-bird transmission.

Antimicrobials

A review of options for antimicrobial treatment in domestic poultry is shown in Table 6.1. The
information included is based on package inserts and published scientific data but is provided
for general guidance only. In vitro sensitivity and local conditions of approval should be checked



Medicines and medication

prior to treatment. Not all antimicrobials listed are authorized by the regulatory agencies in all
countries for use in poultry.

To ensure clinical efficacy, antibiotic activity must be available at the site of infection during a
sufficient time of exposure. The outcome of antibacterial medication is a result of many inter-
acting factors, such as pharmacodynamics (drug interaction with the bacterial cell), pharma-
cokinetics (drug absorption, distribution and excretion) and host defence mechanisms. The
pharmacological characteristics of antibacterials commonly used in poultry medicine are listed

in Table 6.1. Antimicrobials are categorized according to their chemical group (compound cat-
egory), their spectrum of activity and their mode of action (bactericidal or bacteristatic). The
form of a specific antimicrobial product (active ingredients and diluents or other complemen-
tary ingredients) may markedly affect absorption and serum kinetics. At therapeutically achiev-
able concentrations, bacteristatic compounds inhibit or slow down bacterial multiplication
whereas bactericidal drugs kill bacteria in a time-dependent and/or concentration-dependent way.
With bactericidal drugs, which possess rapid killing effects on replicating bacteria (e.g. fluoro-
quinolones), the bird is less dependent on its immune system to make a quick recovery from
disease. In general terms and under 77 vitro circumstances, combinations of bacteristatic and bac-
tericidal compounds are antagonistic, whereas associations of either bactericidal or bacteristatic
substances are not. Bactericidal agents of different compound categories can potentiate one
another or act synergistically. Synergism between drugs in the test-tube, however, does not nec-
essarily reflect better clinical cure in the host. Combinations are best avoided unless specifically
approved. Sulphonamides and trimethoprim, both bacteristatic agents, are bactericidal when
used in combination. The combination of lincomycin and spectinomycin is synergistic against
mycoplasmas.

The activity or potency of an antibacterial compound against a microorganism is expressed
as the minimal concentration (MIC) that is inhibitory to bacterial multiplication after 24h of
in vitro exposure. In order to be efficacious, the concentration of antibiotic activity in serum
(systemic bioavailability) and target tissues is expected to exceed the MIC of the relevant micro-
organisms during the stationary phase or during logarithmic growth of the bacteria. Setting the
breakpoint between susceptibility and resistance in vitro is based on the availability of the drug
in vivo, in relation to the MICs of the disease pathogens. Hence sensitivity and resistance are
relative terms because within the same bird species a microorganism may be susceptible at a
specific organ location but not susceptible in another body compartment. Pharmacokinetic data
measured in mammals are not directly applicable to poultry because the avian species have a
higher metabolic rate, a shorter alimentary tract passage and a lower plasma half-life.

The practice of administering the total daily dose of the drug as a pulse during a few hours in
the morning (‘breakfast therapy’) is suitable for bactericidal antimicrobials only. When medi-
cating ducks or geese in the water it is especially beneficial to administer medicines as a ‘pulse’
dose. For maximum uniformity of intake this should be administered shortly after feeding. The
majority of antibiotics also exert antimicrobial effects at concentrations below the MIC during a
few hours following termination of medication (postantibiotic effect, PAE). This PAE is of less
significance for continuous medication in water or feed over several days. Improved phagocyto-
sis and other immunomodulating effects of antimicrobials in response to the immune system
can contribute to clinical cure. Medication of breeder stock may hinder or delay the development
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of specific antibody to Mycoplasma or Salmonella and this effect should be taken into account in
eradication programmes.

THE ASSESSMENT OF ANTIMICROBIALS IN CLINICAL
SETTINGS

Unfortunately, sensitivity/resistance breakpoints used in veterinary medicine are not uniform
worldwide and still often rely on standards set in human medicine. Standards for drug suscepti-
bility testing for veterinary purposes have been published in the USA (Anon 1999). Prescott &
Baggot (1985) consider in detail the interpretation of sensitivity test data for use in veterinary
medicine. Although in vitro and in vivo models are important laboratory instruments to eluci-
date pharmacodynamic/pharmacokinetic relationships, the cure of disease by an anti-infective
agent in a clinical setting or field situation is the main guide in establishing the dosage and the
usage label directions. The main criterion to monitor success of treatment under field condi-
tions is the reduction of mortality. Other important parameters of health improvement are less
conspicuous, for example return to regular feed intake and growth, clearance of internal inflam-
matory lesions (abattoir condemnations) and the degree of reduction of bacterial shedding.
Particularly with bacteristatic compounds, the lag time between onset of treatment and visible
flock health improvement may expand to 24-48 h. Even when mortality returns to normal very
rapidly and the birds behave thriftily again, medication must be maintained for the complete
recommended length of treatment in order to avoid disease relapse. Treatment periods of 3-7
days are common. Relapses following treatment are most often encountered in chronic diseases
where the causative organism persists, such as staphylococcal synovitis—arthritis, mycoplasmo-
sis or chronic fowl cholera. Although, for the treatment of immunocompromised birds, bac-
tericidal drugs are to be preferred over bacteristatic ones, clinical success is hampered with any
antimicrobial in flocks having concomitant virus-induced immunodeficiency disease (Marek’s
disease, infectious bursal disease, infectious anaemia, reticuloendotheliosis).

Respiratory colibacillosis is a major area for the use of antibacterial products and in vitro
resistance is more prevalent than with other pathogens. Frequent and improper use of anti-
bacterials should be avoided, for example in cases presumably not responsive to antimicrobial
medication (failures in climate control, early stages of viral multiplication). For Escherichia
coli sensitivity testing, mixed strain inocula (e.g. 2050 colonies), encompassing the variation
of drug sensitivity within the multiplying bacteria population, are recommended. Published
resistance rates are indicative of possible emergence of resistance in the field but have limited
predictive value for drug prescription on a case-by-case basis. In drug sensitivity surveys, post-
treatment isolates from problem farms and cases of therapy failure may be strongly represented
and the calculated averages do not account for farm-to-farm variability. On the contrary, the
on-site availability of historical drug sensitivity records is extremely useful for a prompt inter-
vention when laboratory results are awaited.

Egg dipping, a technique whereby an antimicrobial compound is transferred by pressure dif-
ferential from a dip bath into the interior egg compartments, is principally aimed for the control
of egg-transmitted Mycoplasma infections (e.g. M. gallisepticum in chickens and M. iowae in tur-
keys). Egg dipping with antimicrobials must be seen as a transitory measure to decrease the infec-
tion pressure in the production chain before a top-down eradication programme can be put in
place. Contamination of dip solutions with opportunistic pathogens (e.g. Pseudomonas spp.) must
be carefully controlled. The physical process of egg dipping, even when carried out correctly,
can result in a decline in hatchability. As the uptake of active agent by the hatching egg can be
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very irregular during dipping, individual egg injection with accurate delivery of the proper dose
is preferred in elite and grandparent breeding stock. Automated systems for in ovo drug admin-
istration before hatch have been developed; however injection at transfer to the hatcher is too
late for optimal control of vertical transmission of most infections. Specific solutions of ceftiofur
and gentamicin for the injection of day-old chicks or turkey poults are approved in some coun-
tries. The main indication of such parenteral treatment is to reduce neonatal mortality caused
by hatchery infections associated with vaccine contamination or yolk sac infection. These are
usually administered along with MareK’s disease vaccine.

Antibacterial treatment will not usually eliminate all infecting microorganisms from treated
subjects; however, it can be a supplementary tool in sanitation or eradication programmes.
Intensive use of antibiotics in an eradication programme in a small number of birds in the
higher levels of the breeding pyramid can reduce total antibiotic usage. Where the target of
such programmes is a potential zoonosis, or where such usage could result in incidental expo-
sure of zoonotic organisms to antibiotics, then the resistance proﬁle of the zoonotic organisms
needs to be carefully monitored. It has been shown that use of certain antibiotics in Salmonella-
infected parents, if followed by the administration of ‘competitive exclusion flora’, can substan-
tially reduce or eliminate vertical transmission for considerable periods. This is not permitted
in all countries and under the EU zoonoses regulations is permitted only with certain serotypes
and with the approval of the veterinary authorities. In any case, it should not be regarded as a
routine procedure, rather as an interim measure to improve infection status while other required
actions are implemented.

RESPONSIBLE AND PRUDENT USE OF ANTIMICROBIAL

PRODUCTS

Much has been said and written on the potential impact of use of growth-promoting and thera-
peutic antimicrobials on resistance patterns. Bywater (2004) summarized the arguments and
presented the results of extensive European surveys on this topic. Rational antibacterial therapy
is based on a combination of clinical judgement, laboratory diagnosis, medical knowledge and
information about the flock to be treated (‘good veterinary practice’). A major constraint on
the use of antimicrobials in agriculture is that the cost of a product and its administration must
be outweighed by the benefit obtained. A broad range of organizations have recently published
responsible- or prudent-use guidelines and others are in development (see Further reading).
Poultry veterinarians and other professionals with an interest in poultry health are encouraged
to both contribute to and be fully aware of the content of such documents. With all use of anti-
microbials, the prescriber and user have responsibilities to the poultry, the owners of the poul-
try, consumers of products derived from poultry, and society. A fundamental principle common
to most guidelines is that the usage of antimicrobials can never replace fundamental shortcom-
ings in husbandry, biosecurity measures and prophylactic hygiene on the premises. Effective
preventive medicine and good management reduce but may not eliminate the need for
antimicrobials.

Sensitivity testing of the causative microorganisms in a representative bird sample (typically
ill subjects, recent deaths) prior to or concurrently with the commencement of medication
is commonly practised in poultry medicine. Whereas for monitoring and epidemiological stud-
ies MIC testing is advocated, the disk diffusion test (Kirby—Bauer, antibiogram) is a quick, prac-
tical and reliable tool to determine susceptibility of pathogenic bacteria isolated from necropsy
specimens. Routine surveillance of resistance patterns of poultry pathogens can help guide
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treatment decisions, particularly for diseases associated with pathogens of variable resistance
profiles. Resistant organisms can spread within production systems even in the absence of anti-
microbial medication so special care in infection control is indicated where highly resistant
organisms are identified.

As a general rule different antimicrobial products should not be mixed or administered simul-
taneously as they may interfere with solubility, absorption and potency (drug antagonism).
Multiple drug therapy is no substitute for deficiencies in diagnosis. Consecutive use of the same
compound category within the same production cycle should be avoided, unless preceding in
vitro testing has shown satisfactory susceptibility of the microorganisms involved.

Meat must be withheld from human consumption until residues are depleted below the toler-
ance limits set by the competent authorities. These maximum residue limits relate to the accept-
able daily intake that poses no risk for the consumer. As commercial layer farms cannot afford
to destroy table eggs, layer flocks are compulsorily excluded from treatment with anti-infectives
that result in egg residues over the maximum residue limit.

In order to demonstrate responsible use of antimicrobials, timely, accurate records of medi-
cine usage and the reasons for usage are a basic requirement. Increasingly food retailers, and
others, expect to be able to audit such records and monitor trends in antibiotic use.

New veterinary medicines and feed additive regulations

The EU legislation regulating veterinary medicines was ‘recast’ into a new veterinary medicines
Directive 2001/82/EC, which was further amended, following a review of community law, by
Directive 2004/28/EC. As with all EU directives it is given effect under national law in each
member state. The UK legislation implementing the new directive are the Veterinary Medicines
Regulations 2005 and came into effect in October 2005. The main change implemented is the
classification of all veterinary medicines for food animals as ‘prescription-only’. This applies to
veterinary vaccines and medicines applied by any route, including in-feed. The only vaccines
excluded from these regulations are those made from pathogens or antigens isolated from spe-
cific animals or farms — often referred to as ‘emergency’ vaccines. In making the change to
prescription-only status it was accepted that not all products required prescription of the same
type. In the UK the medicines used in poultry are classified mainly as either POM-V (requir-
ing prescription by a veterinary surgeon) or POM-VPS, which may be prescribed by a veteri-
nary surgeon, pharmacist or ‘suitably qualified person’. The previous options for the licensing of
veterinary medicines are retained — this may be by a centralized procedure with the European
Medicines Evaluation Agency, in each individual company with the appropriate national reg-
ulatory body or by mutual recognition of products approved in another member state. The
Directive also makes it clear that, where a suitable locally approved product is not available,
a suitable product approved in another member state may be used as part of the ‘prescribing
cascade’. In the UK this provision is given effect by a system of special import licensing in
which the veterinary surgeon applies to the Veterinary Medicines Directorate for permission to
do this.

There has been a separate process of review of the feed additives regulations that culminated
in the approval of EU regulation 1831/2003. EU regulations apply in member states without
further national legislation. Approval of feed additives is carried out centrally and managed
by the European Food Safety Authority. This regulation required that all use of growth-
promoting antimicrobials cease in poultry production by 31 December 2005. Anticoccidials
used for prevention of the disease and administered through feed remain classified as feed
additives, although a review of their regulation is being conducted by the EU.
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Legislation and
poultry welfare

Interest in the welfare of food-producing animals throughout the European Union (EU) con-
tinues to increase and the perceived ‘welfare status’ of the animal from which food is produced
is now seen as part of product quality. This has resulted in the enactment of a body of animal
welfare legislation under the direction of the EU and, concurrently, the development of Welfare
Assurance Schemes by retail companies, charitable organizations and food production industry
bodies. Both legislation and Welfare Assurance Schemes controlling welfare are evolving rela-
tively rapidly, informed by the findings of work in the field of animal welfare science: this is an
equally rapidly expanding discipline and one in which major methodological and conceptual
advances have been achieved in recent years.

Consensus is building that, for accurate, representative assessment of the welfare of an animal
or group of animals, a combination of several welfare indicators should be measured, rather than
a single measure, and that animal-based indicators, i.e. those which take measurements directly
from the animal rather than measures of resources provided for the animal, should be used
where possible. Indicators of welfare include physiological, pathological, biochemical, behav-
ioural and ‘fitness’ measures, these last being measures of growth rate, longevity and reproduc-
tive success. Furthermore, for the purposes of welfare audit, indicators of welfare should be:
feasible, in that they are practical to measure in the field; valid, in that they reflect animal wel-
fare; and reliable, in that they give a consistent measure between observers and observations.
However, consensus is lacking on how different indicators of welfare should be weighed against
each other or integrated to give an overall assessment of animal or bird in order to facilitate
comparison of welfare between individual animals, groups of animals or animals produced in
different husbandry systems.

Infectious disease is a major, but not sole, cause of poor bird welfare. Prevention of infectious
disease in poultry is of considerable importance to the poultry industry, and much of this book
is devoted to the subject and extensive measures are taken routinely to control disease, including
vaccination protocols, biosecurity measures, disease monitoring and rapid treatment. However,
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injury, fear and distress caused by social stress or frustration due to husbandry systems that do
not provide sufficient space or resources to permit performance of normal behaviour may also be
a cause of poor welfare. Additionally, genotypes that have been developed for high production
may predispose birds to noninfectious diseases that cause pain and/or distress, such as lameness
in broiler chickens or osteoporosis and subsequent bone fractures in laying hens.

In this chapter measurement systems that have been developed for the assessment of poultry
welfare are first discussed. The principal welfare issues that are not related to infectious disease
but cause poor welfare in poultry, as well as causing economic loss to the industry, and that arise
from husbandry system specifications or bird genotype are briefly outlined and practical methods
for assessing these are described. The provisions of statutory instruments that regulate bird wel-
fare in EU Member States, and those in the process of consultation or implementation, are then
discussed.

Current assurance schemes used by retail companies, such as the RSPCA Freedom Foods Scheme
operated by the Royal Society for the Prevention of Cruelty to Animals and the Assured British
Chicken scheme in the UK, are invariably based on a checklist that is completed on farm by
independent, trained auditors during an audit that takes between 1 and 4h. The checklists are
based on the resources available to the birds, such as the capacity of the ventilation system, the
length of feed track or number of nipples per bird and the length of dark periods in the lighting
regimen. The level above which each of these measures is considered to be compliant is informed
by scientific findings but is essentially arbitrary and tends to be pragmatic. However, there is
some evidence that such assessment systems may not accurately reflect welfare for some species.

A welfare assessment system based on output measures of bird welfare and known as the
Bristol Welfare Assurance Programme has been developed at the University of Bristol for lay-
ing hens and is being trialled in the UK by the Soil Association, which regulates some organic
farmers. Details can be found at www.vetschool.bris.ac.uk/animalwelfare. Additionally, a system
that amalgamates weighted measures to give an overall assessment of broiler welfare, expressed
numerically as a percentage, has been developed and successfully evaluated in the field using
alternative, more complex, measures of welfare that it would not be feasible to use in a routine
welfare audit, details of which have been published (Haslam 2004). These systems are based
primarily on animal-based measures of welfare, such as percentage mortality, percentage of birds
that are lame, percentage with foot pad lesions, percentage with damaged plumage, pale combs
and respiratory symptoms.

The use of animal-based assessment is being adopted throughout the EU. The Committee of
Senior Officials for Scientific and Technical Research (COST) initiative no. 846 group entitled
‘Measuring and monitoring farm animal welfare’, funded by the EU, secks to find consensus
between experts in poultry behaviour and welfare from across the EU on measures to include
in a Welfare Assessment System (Blokhuis 2006) and the associated Welfare Quality scheme
aims to develop reliable on-farm monitoring systems, product information systems and practical
species-specific strategies to improve animal welfare. Details of these initiatives can be found
on line at www.cost846.unina.it/ and www.welfarequality.net/everyone, respectively. In
the USA, welfare audit systems based on the Hazard Analysis Critical Control Point system,
originally developed to ensure food safety, are in use by some US retail companies. The sys-
tem, designed to assess and monitor welfare in poultry slaughter plants, for example that
designed by Temple Grandin, can be seen at www.grandin.com/poultry.audit.html and
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www.grandin.com/welfare.audit.using.haccp.html. This system identifies points in the process-
ing of birds at which welfare is most at risk and requires welfare measures to be made at these
points, which have pass/fail levels. This system largely uses bird-based welfare measures, such as
the percentage of birds shackled by one leg, percentage with broken or dislocated wings and the
number of birds going into the scald tank in a conscious condition.

Such Welfare Assessment Schemes can only allow comparison between production units and
cannot address underlying problems that arise from bird genotype, housing specification
or transport and handling systems. For such problems the comparison will be, for example,
between farms with a ‘bad percentage’ of laying hens with bone breaks and those with a ‘very
bad percentage’. Much of the remainder of this chapter is now devoted to a brief review of the
principal welfare problems inherent to the poultry industry and the legislation in place to moni-

tor and control welfare.

Ulceration of the skin over the plantar surface of the feet (foot pad dermatitis), the caudal inter-
tarsal joint (hock burn) and the sternum (breast burn) may occur in any class of poultry that is
raised on deep litter. This condition may cause pain directly, and may also reflect environmen-
tal conditions in bird houses, such as poor litter and air quality. Hock burn and possibly breast
burn may result from pressure necrosis when birds spend excessive amounts of time sitting down
because of illness or lameness (discussed below).

The incidence of contact dermatitis lesions is customarily measured at the processing plant.
Lesions are readily assessed on the processing line, immediately after defeathering, when birds
are clean. If these data are collected with reference to a visual scale, rather than being recorded
as ‘present or ‘absent’, both the prevalence and severity of the problem may be determined.
Where the prevalence and/or severity of contact dermatitis in flocks is found to be high, pro-
ducers may take remedial action to improve the quality of litter in subsequent flocks. Litter
may be improved by increasing ventilation rates, raising house temperatures, repairing leaking
drinkers or reducing water pressure, reducing stocking rate, i.e. the number of chicks placed per
square metre of house floor area, or adding additional litter during the flock cycle.

LAMEZII\IES#Z IN BROILERS

There is evidence that a high proportion of broilers show gait abnormalities: the level of birds
with severe lameness was found in one study, carried out in the UK 15 years ago, to be 26%.
A more recent Danish survey of commercial birds found that 30.1% of birds were severely lame,
which is in agreement with a recent UK study, which found nearly 28% of birds to be in this
category. For both these studies, a significant proportion of the abnormalities were so severe as
to prevent the bird from reaching food or water. Lameness in broilers is conventionally assessed
on a six-point scale — 0, completely normal gait, to 5, not able to walk — known as the Bristol
Gait Score. However, other assessment systems have been described, including the Latency to
Lie (LTL) test, a more objective indicator, which measures the time birds take to lie down after
the introduction of a small amount of tepid water to the pen. The LTL test was modified by
Berg and Sanotra to enable faster testing of individual broilers.

There is some evidence that birds with a gait score of 3 experience pain but it is unclear to
what extent the degree to which birds with gait scores other than 3 experience pain, if at all.
Leg problems may be divided into those caused by developmental abnormalities, those caused
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by infectious agents and those caused by nutritional imbalances. There is evidence that bird
genotype, gender, age, growth rate and weight, as well as length of the dark period in the light-
ing programme, affect levels of lameness in broilers. Older, heavier, male birds that are growing
rapidly tend to have greater levels of leg abnormality, especially when subject to shorter dark
periods, than younger, slower-growing, female birds. The incidence of leg problems may be
reduced by the use of restricted feeding programmes and longer dark periods, especially in
weeks 2 and 3 of the flock cycle. There is also some indication that feeding whole/cracked wheat
early in the flock cycle (weeks 2-3), using poorly pelleted or dusty feed, reducing bird stocking
densities and using genotypes that are less prone to leg problems may reduce the incidence of
leg health problems in broilers. Many of these factors may be protective of leg health by reduc-
ing growth rate. Although the use of antibiotics has been found to result in a lower incidence of
leg problems, this is not a satisfactory way forward given current concern about the overuse of
antibiotics in livestock production.

FEATHER PECKING, CANNIBALISM AND AGGRESSIVE
PECKING IN LAYING HENS

Feather pecking activity in hens has been classified into five main categories: gentle pecking,
severe pecking, vent pecking, cannibalism and aggressive pecking. Gentle and severe feather
pecking seem to be redirected ground pecking behaviour and may progress to cannibalism.
Vent pecking, the onset of which usually occurs as egg laying begins, is directed at the pro-
lapsed cloaca: it may start as investigative behaviour which may then progress to cannibalism.
Cannibalism involves ingestion of part of other conspecifics, including skin, tissue and organs.
Injuries are frequently of such severity that death follows, thus constituting a severe welfare
problem: this problem has been reviewed by Newberry (2004). Cannibalistic attacks are usu-
ally made by groups of hens on one individual; pecks are usually delivered from behind or
from the side of the victim and are delivered in a foraging posture with head and neck lowered.
Cannibalism has been reported in all systems but outbreaks are often more severe in large flocks
of free-range or aviary birds, as a cannibalistic bird in these systems has contact with many more
birds and so can affect more individuals than a cannibalistic bird in a small group; up to 30%
of the flock may be affected during an outbreak. Currently, beak trimming and reduced light-
ing are used to control cannibalism, although beak trimming has been shown to cause chronic
pain due to neuroma formation, reduction in light levels may cause eye pathology and light
restriction is not possible in free-range systems. Cannibalism may be reduced by: selecting less
cannibalistic strains of bird; avoiding early onset of lay; ensuring an adequate diet; providing
attractive foraging materials; removing individuals that have bleeding injuries and that are dis-
eased or slow growing; providing high perches from an early age; providing nests that minimize
visibility of the cloaca during laying.

Aggressive pecking is distinct from feather pecking and cannibalism in form and underlying
motivation. Aggressive pecking is always directed at the head, with the aggressor in an upright
posture with the two birds facing each other and it is thought to be a means of establishing social
order. Many factors may be involved in the development of these complex pecking behaviour
patterns, including colony size, stocking density, nutrition and lighting regime.

Experimentally, several protocols have been used to assess levels of feather pecking in laying
hens, some of which use numerical rating scales to assess the levels of feather cover and skin
damage on different parts of the birds, including head, neck, wing, breast and vent. However,
these systems are currently time-consuming and so not practical to use in a welfare audit.
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The development of a single, simplified system for the assessment of feather cover and skin
damage would be necessary if this aspect of bird welfare were to be assessed routinely. Levels of
cannibalism are reflected to some extent by the level of mortality, as many victims die from their
injuries. However, not all dead birds are found as they may be consumed by other birds.

A recent study found that the number of birds with old bone fractures that occurred during the
laying cycle in commercial layers in a barn system was approximately 60%. This represents the
high end of the spectrum of prevalence of bone fractures in hens: prevalence of old fractures has
been found to be around 10% at end of lay in several other studies of caged birds. However,
it is clear that bone fractures that occur during the flock cycle are a very serious welfare prob-
lem for laying hens; this problem has been reviewed by Webster (2004). Bone fractures occur
as a result of high production levels, for which birds have been genetically selected: the cal-
cium requirement to produce over 300 eggs per year, in comparison to between 140 and 160 in
broiler breeders and 10-15 in wild jungle fowl, from which domestic hens originated, results in
osteoporosis. There is evidence that bone strength may be genetically determined and that dif-
ferent strains of bird have different susceptibilities to bone fractures. Although bone strength in
hens tends to be greater in free-range and aviary systems than in either conventional or enriched
cages, the incidence of fractures is higher in free-range or aviary birds because of collisions with
house furniture and equipment. A method of assessing the incidence of fractures in a live flock,
by palpation of the keel bone, has been described by Wilkins et al (2004).

Few poultry kept commercially, whether broilers or layers, are handled after placement until
collected for slaughter. There is a considerable body of evidence, in both layers and broilers,
that the welfare of these birds may be severely compromised during this process (reviewed by
Kettlewell and Mitchell (2004)). The principal welfare problems arise from trauma and fear due
to manual handling of birds, both at the farm and the slaughter plant, and heat or cold stress
during transport.

Traditional methods of harvesting broilers involve catching teams who capture birds by one
leg, invert them and carry as many as five birds in each hand to transport crates: this predisposes
to trauma, fear and distress, which may lead to death through haemorrhage or circulatory fail-
ure. A recent study in the UK found that the level of birds dead on arrival (DoAs) at the factory
was 0.05%, ranging from 0.01% to 0.1%: this is very low in comparison with levels of DoA
reported by studies from 15 years ago of between 0.21% and 1.14% of total birds. This may be
due to improved handling and transport practices in the industry, including the widespread use
of modular transport, which replaces side-loading vehicles. Poultry harvesting machines are in
use in some countries, including the UK and Australia, which have one type of system and the
USA, which has five systems. The evidence for improved bird welfare due to mechanical, rather
than manual harvesting is equivocal.

The percentage of birds with new fractures after the harvesting of end-of-lay hens may be up
to 50% of the flock. The welfare of end of lay hens during handling and transport has been
reviewed by Knowles (1998). As discussed above, laying birds suffer from osteoporosis and bone
fractures occur as a result of trauma either suffered during removal from cages in caged systems
or due to collision with house furniture while attempting to avoid capture in aviary or free-range
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Fig. 7.1 Spatial distribution of temperature (closed boxes) and vapour density (open boxes) in a passively ventilated
broiler transport vehicle. The vehicle is comprised of two components, lorry and drawbar trailer. (With permission
from Kettlewell and Mitchell 2000.)

systems (birds are housed for depopulation in free-range systems). Perches in percheries or fur-
nished cages may exacerbate this problem, although there is no experimental evidence to support
this supposition. Care in removal of birds from cages reduces trauma and removing birds from
the cages by two legs significantly reduces the chances of birds acquiring fractures. A wheeled
modular system has been developed for depopulating caged birds, which is positioned next to
the cages, so minimizing the duration of human contact: it is based on the Whurr module used
to transport pullets. End-of-lay hens have a very low economic value because of the high level of
bone fragments in the meat and a system for killing birds in house would avoid the considerable
welfare problems arising from handling and transportation prior to slaughter. The incidence of bone
fractures in end-of-lay hens may be assessed immediately after slaughter using the keel palpation
method designed for live birds.

There are inherent difficulties in designing transporters to carry large numbers of poultry that
can adequately protect bird welfare in changing environmental conditions. For example, poultry
in crates on the outside of an open lorry trailer may be subjected to severe cold exposure when
the vehicle is moving at speed, while at rest there may be difficulties in providing adequate fresh
air to crates positioned centrally. Broilers have a very high metabolic rate and so are susceptible
to heat stress in hot weather, and end-of-lay hens, which may have lost a considerable amount
of feather cover during the laying cycle, are susceptible to cold stress. Heat stress in broilers and
cold stress in end-of-lay hens are major causes of bird death during transport in periods of either
hot or cold weather, especially where journey times are prolonged or in the event of vehicle break-
down. Figure 7.1 shows the spacial distribution of temperature and vapour density in a conven-
tional broiler transport vehicle. High temperature and humidity at the front of the vehicle pose
a severe risk to birds at this site. A climate-controlled poultry transporter has been developed
that is available commercially and would eliminate these severe welfare problems if used more
widely; further information about this vehicle is available in Kettlewell and Mitchell (2004).
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Fig. 7.2 Air flow through the Concept 2000 mechanically ventilated broiler transport vehicle. Hot air is extracted

through the fans at the front and rear and cold air enters through the perforated side curtains, ensuring controlled
airflow over all the birds. (Redrawn with permission from Kettlewell and Mitchell 2000.)
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Figure 7.2 is a diagram of the Concept 2000 vehicle for broiler transport, showing air flow
through the vehicle when fans are in operation. Hot air is extracted through fans at the front of
the lorry and the back of the draw bar trailer and cold air enters through perforations in the side
curtains, ensuring controlled airflow over all the birds, even when the vehicle is stationary; this
is only effective when side curtains are in place, which is therefore essential even in hot weather.

On-farm slaughter because of an outbreak of a notifiable disease may present a particular prob-
lem for poultry because of the large numbers involved in a single outbreak on large production
units on which hundreds of thousands of birds may be housed. The various methods available for
killing poultry on farm have recently been reviewed by the Animal Health and Welfare Panel of
the European Food Safety Authority. These included: lethal injection; neck dislocation; concus-
sive humane killers; gas stunning, either in sealed containers or by sealing the house; and mobile
killing lines. The method selected may depend on the numbers and type of birds involved,
the number of trained staff, the design of housing and feasibility of sealing the house, and the
amount of gas or percussion killing equipment available. The method chosen may also depend
on the risk of disease spread likely to occur because of the method, the risk of offending public
sensibilities and the danger posed to operators involved in killing birds. For example, mobile
killing lines were effectively used during the Dutch avian influenza outbreak of 2003 but, where
they can only be set up outside, may spread disease in dust emissions and may offend the public
if in public view. Carbon monoxide at 4-6% is a more humane method of killing birds than
carbon dioxide, which is very aversive, but is more dangerous to human operatives. Similarly,
nitrogen and argon are humane methods of gaseous euthanasia but only work where the oxygen
content of the chamber can be reduced to less than 2%, which is difficult to achieve either in
houses, because of leaks, or in containers, because of air held under birds’ wings. Gas killing
of ducks is problematic from a welfare standpoint, as they are adapted for breath holding and
so require protracted exposure for killing. Intravenous lethal injection is an ideal method of
euthanasia from a welfare point of view but is not feasible for flocks of over a few hundred birds



Legislation and poultry welfare

and requires a number of skilled operatives. Euthanasia by ventilation shutdown is the cessa-
tion of natural or mechanical ventilation of air in a building in which birds are housed with
or without any action taken to raise the air temperature in the building. The use of ventilation
shut down, only on the written authority of the Secretary of State and when no other method of
killing is considered practicable, has recently been permitted under the auspices of the Welfare
of Animals (Slaughter or Killing) (Amendment) (England) Regulations 2006 in England. This
method causes death through hyperthermia and is of considerable welfare concern. In order
to ensure that the most humane method of euthanasia is employed that is feasible, given the
number of birds, the equipment and the personnel available, and is least likely to spread disease
or pose a risk to operators, it is essential that an advance plan is developed for each poultry pro-
duction site and that steps are taken to make this plan immediately and effectively operational in
the event of diagnosis of a notifiable disease at that site.

INTRODUCTION TO THE LEGISLATIVE FRAMEWORK IN
THE EUROPEAN UNION

In the EU, the Council of Europe Convention for the Protection of Animals Kept for Farming
Purposes provides for a Standing Committee to adopt recommendations on welfare requirements
for specific farm animal species and systems. The European Commission (EC) may use these
recommendations as the basis for European legislation. Additionally, the European Parliament’s
Intergroup on Animal Welfare and Conservation, a cross-party group of members of the
European Parliament who discuss European and international animal welfare issues, takes initia-
tives that seek to promote the enactment of European legislation. The Scientific Committee on
Animal Health and Animal Welfare (SCAHAW) is an independent scientific committee, made up
of scientists from Member States, that gives the EC scientific advice on animal health and animal
welfare issues. The Committee considers all available and up-to-date scientific data and evidence
and provides the EC with a sound scientific basis for the drafting of legislation and other pro-
posals. The Animal Health and Welfare (AHAW) panel of the European Food Safety Authority
(EFSA), comprised of scientists from the Member States, also provides opinions and reports on
aspects of animal health and animal welfare relating to food-producing animals, when required.

The EC may produce either European Regulations, which are directly applicable in each mem-
ber state, or European Directives, which are implemented by all member states through enact-
ment of national legislation, which must reflect the Directive but may be interpreted by each
Member State. The EU legislation controlling poultry welfare is largely in the form of Directives.
The principal Directives that control poultry welfare are: Council Directive 98/58/EC, which has
general provisions for the keeping of farm livestock; Council Directive 1999/74/EC, which lays
out minimum standards for laying hens; Council Directive 91/628/EEC, which controls animal
transport; and Council Directive 93/119/EEC, which controls stunning and slaughter.

Directives are enacted under national legislation in each member state. For example, Council
Directive 98/58/EC on the protection of animals kept for farming purposes, which gives general
rules for the protection of animals of all species kept for the production of food, is enacted under
the Welfare of Farmed Animals (England) Regulations 2000 (SI 2000 no. 1870) in England but
under alternative legislation in the delegated regions of the UK and in other Member States. In
areas where Directives appear not to be effective, EU Regulations may be enacted, the provi-
sions of which are immediately applicable in all member states. In the field of animal welfare,
Regulations have recently been enacted in order to improve implementation of the Animal
Transport Directive.
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General animal welfare legislation

Council Directive 98/58/EC requires member states to make provision to ensure that all owners
and keepers take reasonable steps to ensure the welfare of animals under their care and to ensure
that these are not caused any unnecessary pain, suffering or injury. This Directive makes provi-
sions on staffing, record keeping, freedom of movement of animals, buildings and accommoda-
tion, feed, water and other substances, mutilations and breeding procedures.

Legislation specific to laying hens

Council Directive 1999/74/EC recognizes three types of rearing systems for laying hens:

* Enriched cages, where laying hens have at least 750 cm? of cage area per hen

¢ Un-enriched cage systems, where hens have at least 550 cm? of cage area per hen. Such
cages may no longer be built or used for the first time. By January 2012, this system will be
prohibited

* Noncage systems with nests (at least one for every seven hens) and adequate perches and
where the stocking density does not exceed nine laying hens/m? usable area.

This Directive requires that hens kept in the enriched cage systems and the noncage systems

must have a nest, perching space of 15cm per hen, litter to allow pecking and scratching and

unrestricted access to a feed trough measuring at least 12 cm per hen in the cage. Article 7 of the

Directive provides that all egg production units must be registered with the competent author-

ities in member states and must each have a unique number which ensures traceability of eggs

to individual holdings. The arrangements for registrations are detailed in Commission Directive

2002/4/EC.

Article 10 of the Directive provides that the Commission shall submit to the Council a report
on the different systems of keeping laying hens. This will take into account inter alia an EFSA
opinion on this subject and the findings of a socioeconomic study that indicates that costs to
the industry would be likely to rise by up to 20% and egg imports would increase by approxi-
mately 3—4%.

The Commission’s report is due to be submitted to the Council in the second half of 2007 in
order to take account of the final results of a Community-funded research project (LAYWEL),
which is currently investigating the welfare implications of changes in production systems for
laying hens. The scientific evidence available at the time of writing suggests that furnished cages
have the potential to improve hen welfare, in comparison with that of birds kept in either con-
ventional cages or in some noncage systems, allowing a greater degree of freedom to carry out
normal behaviour while, in many cases, reducing the incidence of feather pecking and subsequent
fear and distress associated with noncage systems. However, the results of studies vary with the
design and numbers of hens per cage and there is currently insufficient evidence to indicate
which design or group size is ideal with respect to hen welfare. The Commission’s Food and
Veterinary Office (FVO) has also published a report, based on a series of visits to production
units in 2004, which found that most hens in the EU are still kept in unfurnished cages and
that compliance with the Directive in many states is poor.

Legislation specific to poultry transport

‘The welfare of poultry during transport is controlled by Council Directive 91/628/EEC. A con-
solidated text of this Directive with various amending Directives and Regulations can be seen
at europa.eu.int/eur-lex/en/consleg/pdf/1991/en_1991L0628_do_001.pdf. Apart from the gen-
eral provision that animals must not be transported in a way likely to cause injury or undue



Legislation and poultry welfare

suffering, as well as details of how this should be achieved, this Directive lays out the maximum
journey time birds may travel without food and water, which is 12h (disregarding loading and
unloading times). As it is practically impossible to provide food and water on a commercial
poultry transporter, 12h is actually the maximum period for which commercial birds may be
transported. The legislation also limits journey times for chicks: transport should be completed
in less than 72h after hatching and last less than 24 h. Prescribed space allowances during trans-
port for birds of different weights are detailed in this Directive.

Legislation specific to stunning and slaughter

The welfare of poultry during stunning and slaughter is controlled by Council Directive 93/119/
EEC. It provides that an animal shall be spared any avoidable pain, suffering or excitement dur-
ing movement, lairaging, restraint, stunning, slaughter or killing. This Directive requires that
equipment and fittings are designed, constructed, maintained and used in such a way as to be
rapid and effective and that these be subject to inspection by the competent authority. It requires
that slaughter personnel have the knowledge and skill to perform the task humanely and effec-
tively. Authorities must have free access to all parts of the slaughterhouse. It makes provision for
inspection of slaughterhouses, both within the EU and in third countries wishing to export meat
to the EU, by Commission experts. Slaughterhouses are required to have suitable unloading
facilities, birds must be unloaded as soon as possible after arrival at the slaughter plant, protected
from adverse weather, provided with ventilation, inspected regularly and immediately slaugh-
tered if they have experienced pain or suffering during transport. The Directive lists permitted
methods of killing, including carbon dioxide gas, electronarcosis and, where authorized by the
competent authority, decapitation, dislocation of the neck or the use of a vacuum chamber.
Specific requirements for each method of killing are detailed. An animal must not be stunned
unless it can be immediately killed and current levels in water baths must be adequate to ensure
that all the birds remain stunned. Manual back-up is required where birds are killed by auto-
matic neck cutters. The Directive specifies permitted methods for killing chicks at hatcheries,
although other methods may be permitted by the competent authority: the concentration of
carbon dioxide in apparatus for killing chicks using carbon dioxide must be 100%.

Legislation specific to broiler chicken

At the time of writing, the Council of the European Union has agreed on the provisions of a
Directive on the conditions of keeping for broiler chickens (Council Directive 2007/43/EC:
Council of the European Union 2007), to come into force in Member States, under national
legislation, by June 2010. These provisions will apply to flocks of 500 or more birds and will
limit the stocking density of broiler chicken to 33kg/m? with derogation to stock at 39 kg/m?
where certain specified conditions are met: these conditions are defined in Annex II to the
Annex of the Directive. For houses where very high levels of welfare standards are met, as out-
lined in Annex V to the Annex of the Directive, stocking densities will be permitted of up to
42kg/m?. The Directive sets out training and Certification requirements for all keepers of inten-
sively produced broiler chickens although experience before 2010 will be accepted as equivalent
to a training course, and certificates issued for such experience. Details of the content of the
training are detailed in Annex IV to the Annex of the Directive.

The Directive details general requirements, including requirements for feeders, drinkers, litter,
ventilation and heating, noise, light, inspection of birds, record keeping and surgical interven-
tions. Specifically, minimum light levels will be 20 lux at bird level over at least 80% of the
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useable area of the house and a dark period of at least 6h must be provided in a 24-h lighting
cycle, of which 4h must be continuous: this will apply from within 7 days of bird placement
until 3 days from expected slaughter date. Fresh litter must be permanently available, birds must
be inspected twice daily and sick or injured birds must be immediately culled or treated. Starving
of birds prior to expected slaughter time will be limited to less than 12h. Details of records to
be kept are specified, which include the number of birds placed, house floor area, bird geno-
type, number of birds found dead or culled, recorded by cause, and number of birds remaining
after thinning. All surgical interventions are prohibited except those carried out for therapeutic
or diagnostic purposes: Member States may authorise beak trimming or castration by trained
personnel and, in the case of castration, under veterinary supervision.

Establishments intending to stock at the higher stocking density of 39 kg/m? will be required
to notify the competent authority and provide specific technical details of their establishment
and equipment, including house plans, feeder and drinker locations, details of ventilation, cool-
ing and heating systems and air flow patterns, details of alarm and back up systems and floor
and litter types used. Levels of ammonia in the house will be limited to a maximum of 20 ppm
and levels of carbon dioxide to a maximum of 3000 ppm. The building will be required to be
constructed so as to hold the internal temperature at no more than 3°C above the external tem-
perature when that temperature exceeded 30°C and the relative humidity will be required to be
a maximum of 70% during 48 h when outside temperature are less than 10°C.

For a house to stock at 42 kg/m?, no deficiencies with respect to the Directive must have been
found during inspections within the previous two years, monitoring of bird health and welfare
must be carried out using guides to good management and mortality levels during the flock
cycle must be less than a given level (1% of birds placed plus 0.07% multiplied by the age of
the flock in days) over the previous seven consecutive flock cycles. Allowance may be made for
exceptional circumstances.

The Directive requires Member States to enact national legislation which will provide for reg-
ular monitoring of premises stocking at the higher densities and will empower the Competent
Authority to take appropriate enforcement actions, subject to certain mitigating circumstances,
where non-compliances are found to have occurred. Annex III to the Annex of the Directive
requires the documentation accompanying the flock to the slaughterhouse to include daily
and cumulative mortality and bird genotype. The Official Veterinarian at the slaughter house is
required to supervise collection of records of birds ‘DoA’ and results of post mortem examination
for each flock, including contact dermatitis, parasite infestation and disease. Where bird welfare
during the flock cycle appears, from the mortality and post mortem results, to have been poor, the
Official Veterinarian will inform the farmer and, if necessary the Competent Authority, which
may take appropriate action. An annual report on the findings of farm inspections, slaughter-
house data and enforcement actions taken will be required to be submitted to the Commission.

Some provisions of this draft Directive remain controversial. In particular, the inclusion of
culled birds in the recorded mortality level may tend to discourage farmers from adequately
culling sick or injured birds, resulting in poor welfare. Additionally, the requirement for 6h dark-
ness until 3 days prior to slaughter may have the effect of increasing bird damage at depopulation.

The Directive gives the Commission a mandate to look into further welfare provisions for
broiler chickens in the future. Member States will be required to collect scientifically based wel-
fare assessment data over a period of 1 year and submit it to the Commission, which will pre-
pare a report based on these data as well as bird welfare, socio-economic and administrative
effects of the Directive, by June 2012. On the basis of this report, the Commission will deter-
mine whether additional measures for improving broiler chicken welfare would be beneficial.
The Directive also invites the Commission to prepare a report on the possible introduction of a
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specific welfare labelling scheme for chicken meat with the aim of providing incentives to pro-
ducers to improve bird welfare, for submission by December 2009. A report on the influence
of genetic factors on welfare problems in broiler chicken is due to be submitted by December
2010. Member States are required to lay down rules for penalties for infringements of national
provisions made to enact the provisions of the Directive and to notify the Commission of these
before June 2010.

Methods of assessing bird welfare on farm and during transport and slaughter have developed

over the last few years and several comprehensive methods are available that are based on out-
put measures and are feasible, reliable and valid. Such measures are likely to replace existing
resource-based assessment systems, which are widely used in current farm assurance schemes but
may not be effective in improving bird welfare. Modern intensive poultry farming systems give
rise to a number of very serious welfare concerns, some of which are inherent to the bird geno-
types and husbandry systems used and may not be readily amenable to improvement through
legislation. Such concerns range from contact dermatitis in birds on litter to lameness in
broilers to cannibalism and bone fractures in laying hens. The tendency for large numbers of
birds to be housed on a single unit gives rise to inherent welfare problems during handling and
transport and, in the event of the outbreak of notifiable disease, during euthanasia on farm.
Technological developments have led to the production of automatic harvesting systems, modu-
lar handling systems and mechanically ventilated poultry transport vehicles, which are available
commercially and some of which have been shown to effectively improve bird welfare dur-
ing these operations, although all may not be currently in wide use because of economic con-
straints. There is a wide range of methods available for the humane euthanasia of birds during
disease outbreaks and it is essential that, for each poultry production site, advanced planning
takes place, taking into consideration the size and type of husbandry system, to ensure that the
most humane, effective and safe method of euthanasia is available.

Persistent public pressure to improve farm animal welfare in the EU has led to the enact-
ment of EU Directives controlling the keeping of animals on farm, including specific statutes
for broilers and laying hens and for transport and slaughter. The provisions of the current draft
broiler Directive reflect recent developments in animal welfare science in that this Directive
advocates the use of multiple, bird-based measures of welfare as welfare indicators rather than
simply prescribing resources to be provided for the birds. However, it is essential that the
Directive provisions are based on good welfare science or they may inadvertently result in a
negative effect on welfare by discouraging culling of diseased and injured birds, reducing chick
viability after placement, increasing injury during catching prior to slaughter and, possibly,
increasing levels of leg abnormalities and DoAs during transport. In order to avoid the law of
unintended consequences, by which measures put in place to improve bird welfare may para-
doxically cause poorer welfare, we must ensure that the measures selected holistically reflect bird
welfare as established by scientific evidence. The Laying Hen Directive provides for the gradual
removal of conventional cages from use in egg production systems in the EU, to be complete by
2012, and the poultry transport Directives and legislation limit stocking densities in transport
crates and restrict journey times to a maximum of 12 h.

While the draft EU animal welfare Directives will improve bird welfare, if adequately
enforced and enacted rigorously throughout the EU and, in the case of the Broiler Directive,
suitably amended, they are unlikely to address some inherent welfare problems. These can only
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be ameliorated by improvements to bird genotype, the development of husbandry systems that
are more suited to the behavioural needs of the birds and increased use of technology available
for poultry handling and transport. Some of these measures may increase costs to the indus-
try and consumers: if consumers really wish to improve poultry welfare in the EU, they must
be prepared to pay a premium for EU-produced poultry products produced to higher welfare
standards. Additionally, political negotiation with the World Trade Organization to exempt
farmed livestock from trade rules that prevent discrimination of products on the grounds of
‘process and production’ criteria, are imperative in order to allow EU producers to take measures
to improve bird welfare that may otherwise affect productivity and profitability adversely. High-
welfare husbandry systems should not be in direct competition with poultry products produced
in low-welfare systems in developing countries, which would result ultimately in the reduction,
or even the disappearance, of the EU poultry production industry: this would do nothing to
improve bird welfare.

There is evidence that, at least in some European countries, the poultry industry is prepared
to modify husbandry and other practices in order to improve bird welfare and that, in some
cases, the consumer is prepared to pay more for animal products from higher-welfare systems.
There has been a massive expansion in the proportion of eggs sold from free-range flocks in the
UK, from in the order of 4% in the 1980s to around 35% today, as consumers are prepared
to pay a premium for eggs from a perceived higher-welfare husbandry system, although some
would argue that increased feather pecking and cannibalism, and so mortality, in free-range
flocks outweighs the increased freedom to carry out normal behaviour.

Parts of the broiler industry are taking the problem of bird welfare, and especially leg and
cardiovascular health problems, seriously. In the last few years there has been a rapid rise in
higher-profit-margin, organic and free-range producers, many of which are using slower-growing
genotypes that are much less prone to lameness and cardiovascular health problems. At least one
of the four major breeding companies that produce conventional, intensively reared genotypes
also recognizes that leg abnormalities and cardiovascular health problems are serious issues with
regard to bird health and welfare and is including leg and cardiovascular health in heritability cal-
culations in elite bird selection programmes. The use of such breeding strategies has resulted in a
dramatic fall in mortality resulting from lameness culls and cardiovascular failure: a recent study
at the University of Bristol found that mean flock mortality in traditional, intensively reared, UK
broiler flocks was approximately 2%, in comparison with 6-7% reported in studies of 15-20
years ago. The recent considerable reduction in the numbers of broiler chickens dying because
of trauma and stress during harvesting and transport in the UK, due to improved harvesting and
transport systems and improved bird cardiovascular health, has been discussed eatlier.

However, there is also some evidence that, for some broiler breeding companies, it is ‘business
as usual’: continued selection for ever-increasing growth rates and breast yields and pay lip ser-
vice to welfare imperatives. This is not an acceptable policy in the current climate in the EU, as
shown by the proposed provisions of the Broiler Directive: commercial producers would be well
advised to steer clear of genotypes from breeding companies that persist in such policies.

Notably, for some specific cases, real or perceived bird welfare improvements have been
accompanied over the past few years by increased profitability for producers: the challenge is
to continue these very promising trends, to extend them to other classes of poultry and to take
all, not just part, of the industry forward. The poultry industry, consumers, marketing com-
panies, politicians, scientists and veterinary surgeons all have a role to play in escalating the pace
of improvement in bird welfare, for all types of poultry production, in Europe and, ultimately,
world-wide. As Mahatma Gandhi once said: “The civilization of a nation may be judged by the
way in which it treats its animals’.
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Enterobacteriaceae

The family Enterobacteriaceae consists of Gram-negative acrobic or facultatively anacrobic,
asporogenous, rod-shaped bacteria that grow well on artificial media. Motile species are peri-
trichously flagellated and nonmotile variants may occur. Some species are nonmotile. Glucose
is utilized fermentatively with formation of acid or of acid and gas. The oxidase test is negative
and with a few exceptions catalase is produced. Nitrates are reduced to nitrites.

The family comprises a large number of antigenically related and biochemically similar bac-
teria that include the genera Salmonella, Escherichia, Shigella, Citrobacter, Klebsiella and Proteus.
More recently Yersinia has been taxonomically grouped within the Enterobacteriaceae. Some of
these bacteria are primarily intestinal parasites of animals and are widespread in the environ-
ment and commonly found in farm effluents, human sewage and any material subject to fae-
cal contamination. A number of important diseases of poultry are caused by members of the
Salmonella and Escherichia genera.

The classification of the members of the genus Salmonella has been controversial for many
years. According to the latest nomenclature, which reflects recent advances in taxonomy, the
genus consists of only two species: Salmonella enterica and Salmonella bongori. The former is
divided into six subspecies, which are distinguishable by certain biochemical characteris-
tics and some of which correspond to previous subgenera. These subspecies are listed in Table
8.1. For the 17 serovars of S. bongori, the V was retained to avoid confusion with the serovar
name of S. enterica subsp. enterica. Thus the full name would be S. enterica subsp. enterica sero-
var Typhimurium. Since this is cumbersome, it is proposed to follow the suggestion of Old
(1992) and use italic for the genus name Salmonella and roman for the serovar, e.g. Salmonella
Typhimurium. In veterinary literature a distinction is usually made between infections caused
by the two host-adapted serovars of S. Pullorum (pullorum disease), S. Gallinarum (fowl
typhoid), the Arizonae subspecies of Salmonella (arizonosis) and the remainder of the salmonella
infections (salmonellosis, paratyphoid infection).

The Kauffmann—White scheme still forms the basis for classification of Salmonella serovars
and essentially involves serological grouping by means of the somatic O antigens and flagellar H

*The authors wish to acknowledge the contribution of Clifford Wray and Robert Davies, coauthors of this chapter in the 5th edition.
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. Table 8.1 | Subspecies of Salmonella enterica

Subspecies | enterica
Subspecies Il salamae
Subspecies llla arizonae
Subspecies Illb diarizonae
Subspecies IV houtenae
Subspecies VI indica

antigens. The host-adapted serovars S. Pullorum and S. Gallinarum are nonmotile and do not
express H antigens.

SALMONELLOSIS - PARATYPHOID

Infections caused by the motile Salmonella serovars were reported in poultry at least as early as
1899 and have been extensively investigated as they are important zoonoses and agents of major
clinical disease. Infections, generally subclinical, are common in all species of domestic poultry
and game birds throughout most of the world and have also been reported in many different
species of wild bird. Many different serovars have been identified in domestic poultry and one
serovar may be the predominant isolate in a country for a number of years before it is replaced
by another. Thus, in 1943, S. Thompson appeared in the UK poultry flock and within 2 years
it was the most frequent serovar isolated from poultry. More recently, S. Agona was introduced
into the country in imported Peruvian fishmeal and became widespread in poultry and subse-
quently in humans. Similarly, S. Hadar was cause for concern to the turkey industry because
it caused disease in table birds that led to foodborne illness in humans. In countries where the
major part of the poultry industry is concentrated within a small number of larger companies,
problems with Salmonella in their specific integrated breeding flocks or feed mills may have a
substantial effect on the national prevalence of specific Salmonella strains.

Efforts to control Salmonella infections in domestic poultry are, with the exception of a few
serovars, driven by public health concerns rather than by expectations of securing important
improvements in production efficiency. Salmonella infections are among the most frequent
foodborne infections in humans and contaminated poultry products are one of the major
sources of infection. In the UK, the commonest serovars in man are currently S. Enteritidis and
S. Typhimurium.

S. Enteritidis was seldom isolated before 1987 and its prevalence increased markedly in sub-
sequent years. In the UK this increase was largely associated with the emergence of phage type 4
(PT4). A corresponding increase occurred in humans and many food-poisoning outbreaks were
attributed to shell eggs and particularly to products such as mayonnaise made with raw or lightly
cooked eggs, in addition to the more usual source of poultry meat. A similar increase in the preva-
lence of S. Enteritidis in both humans and poultry was observed in many countries, although in
some instances it was caused by phage types other than PT4 (e.g. PT13a in the USA); other
countries, such as Australia, appear to have remained free of endemic infection. To safeguard
public health, national control measures, often including legislation, have been implemented in
many countries. As a consequence, in the UK the prevalence of S. Enteritidis, especially PT4,
has declined dramatically over recent years. More recently S. Typhimurium DT104 was isolated

11



I 112

2 | BACTERIAL DISEASES

with increasing frequency from poultry, especially turkeys, in the UK and caused some concern
because isolates showed resistance to five or more antibacterial drugs. This isolation trend, how-
ever, now seems to be reducing. In the EU, Europe-wide monitoring and control programmes
are continuing based on target reduction schemes for the “Top 10" human Salmonella serovars.

Cause

Members of the genus Salmonella are Gram-negative, nonsporing rods (2-4 X 0.5um) that do

not have capsules. They are usually motile and have long flagella, although occasional nonmotile

variants may occur. (NB. The species-specific S. Pullorum and S. Gallinarum are always non-

motile when grown under normal laboratory conditions.) Salmonellas grow readily on ordinary

media, forming large, thick, greyish-white, dome-shaped colonies. All ferment glucose but not

lactose, all reduce nitrates to nitrites and all can survive for several months away from the host.
About 2500 different Salmonella serovars have been described and reported.

Hosts

The paratyphoid group of salmonellas has a very wide host range in birds and mammals. Some
have also been isolated from reptiles, fish and insects. While all members of the species are con-
sidered to be potentially pathogenic, different serovars differ widely in their host range and the
pathogenic syndromes that they produce.

Spread

When poultry over 4 weeks of age are infected with salmonellas the organism may colonize the
intestine but almost all such chickens free themselves of infection within 60 days. However, a
small percentage of infected birds will excrete the organism either continuously or intermittently
for long periods. Stress, such as coming into lay, may also reactivate infection and excretion.
Although the large majority of infected birds carry Salmonella species for only short periods, the
conditions in intensive poultry units allow considerable scope for infection to recycle from bird
to bird.

The modes of spread of the non-host-specific salmonellas are very complex and, since know-
ledge of these is an integral part of control, the details of this are discussed in the section on
Control.

Pathogenesis

Paratyphoid S. enterica serovars are ubiquitous in the environment and as such are easily intro-
duced into poultry farms through rodents, insects, birds or fomites. Infection of newly hatched
chicks results in rapid and massive multiplication within the alimentary tract in the absence
of a competing, complex gut flora. This results in extensive faecal shedding for a number of
weeks, with cross-contamination within the house or hatchery. Infection of older birds that
have acquired a mature gut flora results in shedding of reduced numbers of bacteria for shorter
periods of time. If the infecting strain is virulent for birds a strong inflammatory response occurs
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in the intestine with tissue damage and a typhlitis. Invasion to the spleen may result in systemic
spread and multiplication where immunity is reduced, as in very young or old birds or at onset
of lay. Mortality may ensue depending on the degree of virulence and host genetic background.
Spread of certain strains, especially certain phage types of S. Enteritidis to the reproductive
tract, particularly the oviduct, may result in vertical transmission. Transmission between birds
is largely faecal-oral, although respiratory infection is also thought to be important, particularly
in establishment of systemic infection of the reproductive tract.

Clinical signs

Disease caused by non-host-specific Salmonella infections is uncommon in poultry and is usually
seen in chicks, poults or ducklings under 2 weeks of age and rarely in birds over 4 weeks of age. The
morbidity and mortality varies considerably and deaths are usually less than 10% of the affected
group but in exceptional cases can approach 100%. The clinical signs are not specific and are simi-
lar whichever Salmonella serovar is involved. In an outbreak with clinical signs affected birds are
depressed, reluctant to move and huddle dejectedly together with their eyes closed and with ruf-
fled feathers and drooping wings. Diarrhoea with pasting of the feathers around the vent is com-
monly seen and in some outbreaks visual impairment, due to corneal opacity or caseous plaques
in the eyeball, has been reported. In ducklings additional signs may be trembling, swollen eyelids
and sudden death. An unusual feature of the initial outbreaks of S. Enteritidis in broilers is the
appearance of clinical signs of disease in birds over 4 weeks of age. Affected birds become uneven,
stunted and badly feathered. Clinical signs are also sometimes seen in laying hens and mortality
rates of up to 1.6% per month have been described, associated with decreased egg production.

Lesions

These vary considerably, from the complete absence of visible lesions to a septicaemic carcass
with the lungs, liver, spleen and kidneys swollen and congested. When baby chicks are affected
an inflamed, unabsorbed yolk sac is a common feature. Discrete necrotic lesions in the lungs,
liver and heart, peritonitis and haemorrhagic enteritis may be seen in birds that do not die in
the acute septicaemic phase of the disease. The most characteristic post-mortem finding, seen
in approximately one-third of birds dying of salmonellosis, is typhlitis, with the caeca distended
by hard, white, necrotic cores. This may be exacerbated by necrosis and bleeding when Eimeria
infection is also present. In broilers with salmonellosis caused by S. Enteritidis there are usually
gross post-mortem findings of polyserositis manifested as pericarditis and perihepatitis. The peri-
carditis may be distinctive and, in addition to thickening and increased vascularity of the peri-
cardium, the pericardial sac is typically distended with a considerable quantity of turbid fluid
containing large numbers of organisms. Ovarian lesions of intense blood vessel congestion and
deformed shrunken ovules have also been associated with S. Enteritidis infection in laying birds.

When infection is suspected, confirmation of the diagnosis requires the isolation and identifi-
cation of the causal agent, preferably to the specific serovar. Salmonella organisms are readily
isolated from infected tissues of clinically affected birds by direct culture; thus, in chicks dying
of septicaemia, direct isolations can be made from the liver, gall bladder or yolk sac. In severely
affected flocks salmonellas may be isolated from pericardial sac or affected ovaries. In older birds
they are often confined to the intestine, with the caeca being the most likely site for isolation.
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Methods used for identifying infection in large populations must take into account the fre-
quency of a very low incidence of infection. Several methods have been developed to collect
samples from the environment as an indirect indication of flock infection. These methods
include samples from nest or floor litter, dust accumulations or samples collected by dragging
modified Moore’s swabs (drag swabs) over a large surface area of floor litter or dropping pit.
More recently, absorbent overshoes worn over the stockperson’s boots have been used for exten-
sive sampling of the litter environment of the poultry house. It is also important to take samples
of the environment for bacteriological culture after cleaning and disinfection following depopu-
lation, and also to confirm that mice are not acting as a reservoir of infection on the site.

Isolation

Numerous techniques and methods have been described for the isolation of Salmonella strains
from different types of specimens and consequently it is not possible to recommend a particular
technique because of the lack of comparative data on the efficacy of the various media. Clearly, any
techniques used should be audited, assessed and where possible accredited by independent bodies.

Pre-enrichment is used for culturing samples where Salmonella organisms are sublethally dam-
aged, as may occur during feed manufacture, and in dry samples and environmental samples in
which the number of organisms is low (e.g. dust) or where disinfectants have been used. Buffered
peptone water is normally the medium of choice. Three different selective enrichments or fami-
lies of enrichment are in common use: selenite, tetrathionate and Rappaport—Vassiliadis (RV)
medium. It is not possible to recommend one as the best for all purposes. They may be made
more selective by the addition of antibiotics such as novobiocin or dyes such as brilliant green.
Enrichment broths are used for culture of samples that are likely to be contaminated with high
numbers of other bacteria (e.g. faeces, cloacal swabs, environmental samples or subculture from
pre-enrichment). Selenite broth should not be used for selective enrichment after pre-enrichment
because its selectivity is easily reduced by excessive contamination. RV medium has been shown to
work very efficiently after the sample has been pre-enriched and subcultured to give a sample:RV
broth ratio of 1:100. Most enrichment broths are usually incubated at 41-42°C because the higher
incubation temperature helps to inhibit enteric bacteria other than salmonellas. There is currently
much interest in semisolid media (e.g. modified semisolid RV medium — MSRV), which are con-
sidered to be more suited to isolation of motile Salmonella species, particularly serovars Enteritidis
and Typhimurium, when low numbers are present in faecal and environmental samples.

A large number of plating media have been formulated for the isolation of Sa/monella spe-
cies. Various selective and differential agents have been incorporated to facilitate isolation from
samples contaminated with other bacteria and to distinguish the salmonella colonies from those
of other bacteria. It is recommended that at least two selective and two plating media should be
used for optimal isolation, although increasing the number of samples tested with a single effec-
tive medium will further increase the accuracy of the test. Plating media in common use include
MacConkey agar, desoxycholate citrate agar (DCA), on which salmonella colonies appear col-
outless, and brilliant green agar and its modifications, on which the colonies are red. Other
media include xylose lysine desoxycholate agar (XLD) and its modifications and chromogenic
media such as Rambach and ‘Sa/monella detection and identification medium’ (SM ID) agar.

Identification

Salmonella organisms can be identified by their colonial characteristics on selective media, sup-
ported by biochemical and serological tests. Suspect colonies should first be tested by a slide
agglutination test using polyvalent O and H sera and also normal saline. Those colonies that
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react with either both or one of these sera and do not aggregate in normal saline are then sub-
jected to further biochemical and serological tests to identify the serovar. The main biochemical
tests for most Salmonella species are the production of H,S, but not indole, in peptone water
after incubation, together with certain sugar reactions. These latter comprise fermentation of
glucose, mannitol, maltose and dulcitol and failure to ferment lactose, sucrose and salicin. These
biochemical reactions can be conveniently carried out in the composite media now available for
bacterial identification such as Kohn’s or triple sugar iron (TSI) agar. Cultures that give the
biochemical reactions characteristic of Salmonella species are then tested with the appropriate O
and H sera until the group and serovar are identified. The biochemical tests for identification of
salmonellas can be combined to form an identification test. A number of these, such as the API
20E or Enterotube II systems, are currently available for purchase.

Further subdivision for epidemiological purposes can be achieved by phage typing schemes,
antibiograms, various molecular genetic techniques such as plasmid profile analysis and biotyp-
ing of the isolate.

Serological diagnosis

The value of serological tests for diagnosis depends to some extent on the Salmonella serovar
involved. As described later, S. Pullorum and S. Gallinarum do not colonize the digestive tract
but readily infect the rest of the bird’s body. This stimulates the production of antibodies, which
can be detected by serological tests. Other Salmonella serovars colonize the alimentary tract
but do not readily invade the tissues and thus may not stimulate the production of antibodies.
Infection with other serovars that are invasive, including S. Enteritidis and S. Typhimurium, is
also detectable by serology.

Serological methods should be used to identify infected flocks rather than to identify infected
individual birds, and bacteriological confirmation should always be sought. It is well recognized
that some poultry with a positive serological response may no longer be infected with salmo-
nella organisms. Similarly, poultry that are actively excreting salmonellas in the early stages of
infection may be serologically negative for a period of up to 2 weeks or so. If immunization is
used to control salmonella infections in the flock, it may not be possible to differentiate the vac-
cine response from that of actual infection. Newly hatched chicks are immunologically imma-
ture and do not respond serologically to the somatic lipopolysaccharide (LPS) antigen until 2-3
weeks of age. Chicks may, however, acquire Salmonella antibodies passively from their parents
via the yolk, which may indicate an infected or a vaccinated parent flock. Egg yolk may also be
tested for immunoglobulins to Sa/monella, and this may provide an easy method of screening
nonvaccinated laying flocks for S. Enteritidis.

A number of serological tests have been developed for the diagnosis of Salmonella infections
in poultry. The whole blood test (WBT), which uses a stained antigen, and the serum agglu-
tination test (SAT) have been used successfully for more than 50 years for the identification
of flocks infected with S. Pullorum/Gallinarum. As S. Enteritidis possesses the same group D
somatic antigen as S. Pullorum, the WBT and related tests can be used for the diagnosis of
infection with this serovar. The WBT is fully described later in the section on pullorum disease.

In recent years other tests, such as enzyme-linked immunosorbent assay (ELISA), have been
developed for the identification of S. Enteritidis- or S. Typhimurium-infected flocks and a
number of test kits are commercially available and used in many countries.

Two main basic systems are used for the detection of S. Enteritidis-infected flocks, the indi-
rect ELISA and the competitive ‘sandwich’” ELISA. The indirect ELISA involves the use of a
detecting antigen coated on to the wells of a microtitre plate. After the application of a blocking
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reagent to reduce nonspecific binding, test samples are applied to the wells. Specifically bound
antibody in the sample is detected by an antibody-enzyme conjugate. A variety of antigens,
including LPS, flagella, SEF14 fimbriae, outer membrane proteins and crude antigen prepara-
tions, have been used. The competitive ‘sandwich’ ELISA employs a specific monoclonal anti-
body for coating antigen to wells. This is then followed by a pure or crude antigen preparation.
Test serum samples are then applied, followed by conjugated monoclonal antibody, which will
not bind to the antigen if the serum sample contained specific antibodies. The assay time can be
shortened by adding both test sample and conjugate together.

There are advantages and disadvantages to both systems. The indirect assay is simpler and
reagents are available for all Salmonella serovars for chickens, turkeys, ducks and mammalian
hosts. The competitive ELISA can be applied to all animal species and in general shows higher
specificity; however, reagents are not commercially available for all serovars. There are also some
affinity problems and it may be less sensitive than the indirect assays. In the field both systems
have produced false-positive reactions and a careful interpretation of the overall results from the
whole sampled population must be made.

Both types of assay may be used with serum, yolk or reconstituted dried blood, which may be
treated with some antibacterial agents with minimal loss of antibody titre. Some cross-reaction
occurs between groups B and D and further work is needed to overcome this problem. The opti-
mal method for choosing a ‘cut-off” absorbance value, above which sera are designated as having
come from a S. Enteritidis-infected flock, has not yet been universally agreed because of the dif-
ficulties in assessing the infection status of naturally infected flocks used to evaluate the test and
the practical consequences of false-positive reactions in breeding flocks.

ELISAs are readily adapted to automation and hence to large-scale testing programmes.
A major problem is that expensive equipment is necessary and many of the reagents are also
expensive. However, they may be adapted for use without equipment and may be read by eye.
Both systems are now commercially available.

Treatment

A number of antibacterials are useful in limiting morbidity and mortality within a flock, although
the prime aim must be the use of an effective biosecurity programme to prevent infection in the
first place. Where treatment is necessary a variety of drugs may be effective, including amoxicil-
lin, tetracyclines, potentiated sulphonamides, spectinomycin, enrofloxacin and other fluoroquino-
lones. None, however, is capable of totally eliminating infection from a flock. If it is decided to treat
an outbreak of salmonellosis, this should always be on the basis of pretreatment sensitivity testing
of the organism involved by laboratory tests. Where a breeder flock is known to be contaminated
it may be necessary to keep this flock in production and therefore treat the breeder flock in ques-
tion. It may also be considered appropriate to treat progeny from such a flock for several days after
hatching for serovars suspected as being transmitted vertically either in ovo or by surface shell
contamination. Although treatment might seem to be effective, a number of birds may become
carriers and furthermore antibiotic-resistant Sa/monella strains or Escherichia coli might appear.

Monitoring

Monitoring either by culture or serology should be carried out at all stages of the produc-
tion cycle. The World Health Organization (WHO) Guidelines on detection and monitoring of
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salmonella-infected poultry flocks with particular reference ro Salmonella Enteritidis provide a
comprehensive account of a practical programme. Monitoring for Salmonella is an important
consideration in a hazard analysis and critical control point (HACCP) (see Ch. 4) approach for
poultry units and the EU Directive (Regulation 2160/2003) gives minimal requirements for
sampling.

At the hatchery, fluff from the interior surfaces of the hatchers and broken eggshells from
the hatcher trays should be cultured every 2 weeks. Other samples such as macerated waste,
meconium, surface swabs from different parts of the hatchery and dead-in-shell and cull chicks
should assist checking for the presence of Salmonella organisms as well as the effectiveness of
routine hygiene measures. Any positive samples should be traced to individual supply flocks.

At the rearing site, the presence of Salmonella organisms in newly arrived replacement birds
can be checked by culture of chick box liners or swabs from the bottom of the boxes, chicks
dead on arrival and those culled or dying within a few days of arrival. During the rearing period
bulked litter or faeces samples, boot or drag swabs and dust from various sites (e.g. exhaust fans)
provide the most convenient method of monitoring. When breeders are in lay the most reli-
able samples are nest box floor swabs, nest box litter, dust from internal feed hoppers and swabs
from egg sorting tables and corridors; for elite birds and grandparents, more frequent sampling
is desirable. Laying flocks may be sampled by using dust samples, swabs of the manure scraper
and spilled debris from the egg collection belt. In the case of barn layers, litter, dust and nest
boxes should be sampled. At the processing plant, samples such as pieces of neck skin and swabs
from different sites throughout the factory should be cultured.

The method adopted for Salmonella monitoring will be determined by the staff and labora-
tory facilities available, and the cost. Whatever method is adopted it should be carried out regu-
larly and methodically according to an appropriate programme. In this way trends over time
and the impact of hazard reduction measures may be assessed.

Houses and buildings should be designed to facilitate cleansing and disinfection and should
be thoroughly cleaned and disinfected between flocks of birds, and fresh, clean litter used. When
cleansing and disinfection has been carried out, buildings should be checked for the persistence
of salmonellas and it is pertinent to point out that inadequate procedures may disseminate patho-
gens widely and possibly exacerbate problems. Samples should include scrapings or drag swabs
of earth floor surfaces or floor sweepings from concrete floors, swabs from cracks in the floor and
lower walls, nest box floors, slave feed hoppers, beams and pipes and electric fittings. In laying
flocks, additional samples include sweepings or swabs of the egg store area, egg sorting equipment,
egg handling room floor and, if rodents are numerous, these should be trapped and examined.

Origins of infection

Once a Salmonella serovar with an affinity for poultry has become established in a primary
breeding flock, it can infect poultry in other units by movement of eggs and equipment via
hatcheries by both vertical and lateral spread. This can have far-ranging and serious effects on
the health of both poultry and humans. It is thus of considerable importance to identify the
specific risk factors for the primary introduction of Salmonella into individual poultry opera-
tions (Fig. 8.1) in order to identify the critical control points that form the basis of a HACCP
approach. It is essential that, in establishing HACCP, the plan is designed for the particular
circumstances pertaining to that enterprise and that the efficacy of the control measures is inde-
pendently checked by bacteriological tests as well as record audits.

If a breeding flock is infected with Salmonella organisms, a cycle can be established in which the
organism passes via the egg to the progeny and even to chicks hatched from eggs laid by these
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Fig. 8.1 Cycle of Salmonella infection.

infected progeny. This cycle can occur by true ovarian transmission, as is the case in Pullorum
disease and S. Enteritidis. However, it is much more likely to happen through faecal contamina-
tion of the surface of the egg. When the egg passes through the cloaca, Salmonella organisms
in faeces attach themselves to the warm, wet surface of the shell and may be drawn inside as it
cools. Penetration of the shell by the bacteria will occur more readily if the eggs are stored at
above room temperature or are washed. When chicks hatch from infected eggs, there is ample
opportunity for lateral spread to contact chicks in hatcheries and brooding and rearing units.
Salmonella serovars are thus commonly introduced into a unit with purchased poultry and can
also be introduced into a country with imports of live poultry or hatching eggs.

Humans, rodents, wild birds, insects, water and feed can all introduce infection into a poultry
unit and salmonellas can spread from unit to unit through movement of vehicles, equipment
and utensils, including contaminated hatchery egg trays and trolleys. Control of salmonellosis
from such sources can be attained only by maintaining a high standard of flock management
and adopting the discipline of a good flock biosecurity programme. See below and Chapter 4.

Biosecurity

Staff on a poultry farm can carry Salmonella organisms mechanically from one unit to another
on contaminated footwear, clothing and hands. It is also possible for humans in this way to
transmit infection from poultry to cattle, sheep, pigs, dogs, cats and horses on the same farm.
By the same token, Salmonella infection can be introduced into a poultry flock from other
infected animals on the site by movement of staff. Infected humans may also be excreters of
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the organism and thus infect poultry in their charge. For the above reasons visitors to poultry
units should be restricted to those on essential business and adequate protective clothing should
be provided and hygienic procedures adhered to. Staff looking after poultry should not attend
other animals on the farm.

The farm should be located away from other poultry holdings, where circumstances permit,
and visitors should park away from the buildings, preferably outside the holding.

Litter

Young chicks or poults often contaminate litter with faeces containing salmonellas and such
contaminated litter is an important source and means of transmission. Poultry often ingest
large numbers of organisms by picking at droppings from pen mates and the infection may
spread rapidly within a group. Salmonellas spread more rapidly when chicks are on litter than
when in wire cages. In fresh litter the bacteria may survive for long periods and a positive rela-
tionship has been described between the moisture content of litter and the level of Salmonella
contamination.

Rodents, wild birds, insects and water

Rats and mice are a well-documented source of paratyphoid Salmonella serovars and are
attracted to poultry houses by the abundance of easily accessible food. Mice have been shown
to be important vectors of S. Enteritidis; they become infected during the life of a flock, move
outside the house at depopulation of the flock, then re-enter and infect the next crop of chick-
ens. Strict attention should be paid to control and, if possible, eradication of such vermin from
poultry sites. It has become increasingly clear in recent years that wild birds can also be infected
with Salmonella serovars and can also mechanically carry material contaminated with bacte-
ria on their feet. This may lead to the contamination of walkways and equipment outside the
poultry houses. Although controlled environment houses should be bird-proof, poultry kept
on free range or in naturally ventilated housing could come into direct contact with wild birds.
Domestic flies and beetles are both capable of transmitting salmonellas and infection can persist
through the contamination of their eggs and larvae.

Although mains water is unlikely to be a source of salmonellas, care should be taken to ensure
that storage and header tanks do not become contaminated via wild birds, rats and mice, and
chlorination is desirable for borehole water. Nipple drinkers are less likely to transmit Sa/monella
infection through flocks than bell or cup drinkers.

Role of feedstuffs

Contaminated feedstuffs are undoubtedly a common and important route by which a poultry
flock may become infected with Sa/monella. Animal protein may be included in the ration in
the form of fishmeal, or various meat and bone meals, where these are permitted. Surveys of
such raw materials used in poultry feeds have revealed that they are occasionally contaminated.
Similarly, vegetable proteins may become contaminated either before or during processing.

Heat treatment of poultry feed in the pelleting process may eliminate the organism but in
many cases insufficient temperatures and conditioning times merely reduce the number of
organisms. Treating feed with chemicals such as formic or propionic acid, or formaldehyde has
also been shown to reduce the level of salmonellas in feed. In the UK, the Animal By-Products
Order introduced by the Ministry of Agriculture in 1999 requires any home-produced mate-
rial of animal or fish origin intended for incorporation in poultry feed to be processed and as
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far as possible rendered free of salmonellas. The materials are tested by a standard method in
an approved laboratory. The 1981 Importation of Processed Animal Protein Order prohib-
its the landing of processed animal protein from countries outside the EU except under the
authority of a licence from the Ministry of Agriculture (in 2001 the Ministry of Agriculture
became the Department for Environment, Food and Rural Affairs (DEFRA)). Both the above
orders are aimed at reducing the likelihood of poultry feed being contaminated with Salmonella
organisms.

Hatching egg hygiene

Effective prevention of wide dissemination of salmonellas requires that breeding stock be free
of infection to prevent vertical transmission through the egg to progeny. Exposure must be pre-
vented in the hatchery and throughout the life of the flock by high standards of management
and flock biosecurity.

Preventing transmission of Sa/monella infection from infected parent birds via the hatchery to
chicks following contamination of the outside of the eggshell is an important factor in control.
Eggs from flocks infected with the paratyphoid Salmonella serovars are usually sterile when laid
and most contamination occurs in the nest box from contact with faeces. Strict attention should
be paid to management of nest boxes and adequate clean, dry litter should always be available
and regularly changed and topped up. Paraformaldehyde prills may be added to each nest box
every 2 weeks, but regular removal of litter and using an appropriate disinfectant may be more
effective. Eggs should be collected as frequently as possible and never less than three times each
day. Cracked, dirty and floor eggs should not be used for hatching and should be kept well sep-
arate from clean eggs. Lightly soiled eggs may be cleaned by gentle buffing so that the cuticle is
not damaged. Alternatively, such eggs can be washed in a bactericidal solution used at the con-
centration and temperature recommended by the manufacturer. However, this must be done in
strict accordance with these recommendations, as poor egg washing or sanitization can increase
contamination rates. All eggs used for hatching should be disinfected on the farm as soon as
possible after collection and cleaning. Products with proven efficacy for this procedure must be
used, and applied at the correct dilution rates. The eggs should then be stored and transported
correctly. They should be kept in a clean, dry vermin-proof area at a temperature of 13-16°C
and 75% relative humidity. They should be packed firmly and correctly in suitable containers to
prevent damage during transit to the hatchery.

The hatchery

Salmonellas are normally introduced into a hatchery by incubation of unidentified infected eggs
or by equipment from infected premises. Measures to prevent this are difficult because infection
of the supply flocks may not be discovered before infected eggs are produced. Controlling dis-
semination of salmonellas within, and leaving, the hatchery is of the utmost importance as the
hatchery receives eggs from all supply flocks and delivers chicks to all broiler farms. An effective
hatchery hygiene code of practice should be formulated for each site. This would include pro-
cedures for spatial or temporal segregation of high-risk flocks, a one-way system for the flow of
eggs, chicks, trolleys and trays and identification of critical control points within the hatchery.
A good programme of general hygiene control within a hatchery has a beneficial influence on
chick quality and control of salmonellas may be closely related, although visibly clean surfaces
may still harbour the organisms if an effective disinfectant is not used. The ventilation system
should be designed so that air flow is from clean to dirty areas and contaminated air exhausts are
sited away from air inlets and other clean areas of the hatchery. Recontamination of cleaned and
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disinfected trolleys and trays to be returned to breeder units should be prevented. A high vol-
ume of waste potentially infected with salmonella organisms is produced during normal opera-
tions, and the difficulty in handling such waste to prevent further spread via wildlife or aerosols
should not be underestimated. All waste should be enclosed in a secure pest-proof area in an
enclosed container. The hatchery is therefore one of the most important critical control points
in poultry production for control of Salmonella.

Cleansing and disinfection

Complete and effective cleansing and disinfection of poultry houses and the surrounding envi-
ronment and equipment is crucial to prevent any carry over of salmonellas to the new flock.
Guidelines on cleaning, disinfection and vector control in Salmonella-infected poultry flocks,
with special reference to S. Enteritidis, have been produced by the WHO.

After a poultry building has been depopulated all manure should be removed and the build-
ing should be thoroughly cleaned before disinfection. The disinfectant should be a product that
has a high activity against Salmonella organisms and it should be applied thoroughly at a suit-
able application rate. Salmonella organisms are sensitive to most disinfectants although the effi-
cacy can be profoundly affected by the presence of organic matter. A large amount of useful
information is available from the manufacturers of these products.

If the depleting flock is suspected or known to be Salmonella-positive, it is important to plan
sufficient time to achieve effective terminal disinfection. The ease of cleansing and disinfec-
tion obviously depends on the design of the building and problems may be encountered with
caged layer units where the only realistic option is the use of fogging and/or fumigation. Ideally
buildings should be soaked with detergent/sanitizer and then power washed. All surfaces should
be left to dry completely before applying disinfectant, which is then allowed to dry. Finally
the house and equipment should be fogged with formaldehyde solution, which may also be
repeated after placing the litter.

Competitive exclusion

Competitive exclusion (CE) is the term used for the early application of the natural phenom-
enon in which the developing gut flora of newly hatched chicks can limit intestinal colonization
by several enteric pathogens including salmonellas. Since poultry are usually hatched and reared
in an environment that precludes their early access to the range of bacteria necessary for protec-
tion, commercial products have been developed that contain defined or undefined bacterial flora
to aid active colonization of the intestine of very young chicks. They may also be used in older
birds after antibiotic treatment. If chicks are provided with this microflora, usually derived from
the caecal contents, a highly stable protection develops within 32h, which effectively reduces
the prevalence of Salmonella infection within the flock. CE works against heavy continuous
environmental exposure and may prevent infection completely when low levels of Salmonella
contamination are present. CE must be applied as soon as possible at the hatchery or the farm
before the birds are exposed to Salmonella serovars and administration is either by using a coarse
sprayer or an automatic spray cabinet that delivers droplets of at least 1 mm. Some consider the
use of CE in the hatchery to be illogical because large numbers of microorganisms are released
into an environment that has to be kept sterile. Despite this, no adverse effects have been dem-
onstrated. Alternatively, CE can be applied in the drinking water when the young birds are on
the farm but this may be too late to achieve maximum protection if they have already been
exposed to enteric pathogens.
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In older birds in Salmonella-infected flocks, prior antibiotic treatment to suppress intestinal
flora and Salmonella organisms, followed by treatment with CE mixture before movement to
clean premises, has been used to eliminate infection from breeder birds. However routine or
continuous use of antibiotics may lead to the development of resistant bacteria. A similar regi-
men in layer birds has not been as successful because of the impossibility of moving the birds to
clean premises.

A number of CE preparations are commercially available, although undefined products have
been found to be more effective than specific mixtures of organisms. Probiotics, which include
Lactobacillus, Enterococcus, Pediococcus, Saccharomyces spp. and some other bacteria, have also
been used for control of Salmonella. Several of these products have recently been approved by
the EU for use as feed additives.

Vaccination

The general consensus is that live vaccines are more protective than inactivated vaccines as a
result of the more prolonged exposure and the stimulation of both cellular and humoral arms
of the adaptive immune system. In addition, live vaccines, if administered orally, stimulate the
innate immune response through heterophil infiltration and activation and defensin produc-
tion. Killed vaccines are probably mainly effective through the induction of high titres of circu-
lating specific IgG.

Colonization of the gut by live vaccine strains also induces a form of competitive exclusion
of other Salmonella strains. However, current live vaccines have undefined mutations and there
is continuing concern over the use of genetic manipulation to produce more precise mutations.
Live vaccines also require high standards of husbandry to ensure that all birds drink and receive
a full vaccinal dose.

A variety of vaccines is now commercially available for control of S. Enteritidis and
S. Typhimurium infection. Live vaccines for administration via the drinking water are avail-
able for both these serovars. They may be used in breeders or layers as a course of two or three
administrations to give protection from rearing and throughout lay. Alternatively, live vaccines
can be used as primers for injectable inactivated vaccines. A course of two inactivated injections
can be very effective in protecting laying flocks throughout the laying period, either where live
vaccines cannot be licensed for use in food animals or if passive yolk antibodies are required
for progeny expected to meet early challenge. Live vaccines have generally been prepared from
the homologous serovar. However, there is some experimental and field evidence that the 9R
vaccine developed for use against S. Gallinarum also protects against S. Enteritidis by virtue of
their antigenic similarity.

Other biological approaches

Chickens vary considerably in their susceptibility to both systemic and intestinal infec-
tion by different Salmonella serovars. This has not been exploited practically but there is
potential to increase resistance through selection for the responsible genetic locus and to use
increased genetic resistance alone or in combination with other approaches such as inactivated
vaccines.

Colonization of the alimentary tract can be reduced by incorporation of selected short-chain
fatty acids (SCFA) in the feed such that they are antibacterial in the crop. The most effective
SCFA has been shown to be formic acid, although others also have some effect in reducing
colonization under experimental conditions.
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Bacteriophages have been explored as a means for control. Although they seem to be less than
effective at controlling Salmonella infection in the caeca they are more effective at reducing levels
of contamination on the carcass.

Statutory aspects of the control of Salmonella infections in
poultry in the UK

Legislation to deal with Sa/monella infections in livestock was originally introduced in 1975 fol-
lowing a case of S. Paratyphi B in cattle. The reporting procedures introduced by this legislation
enabled trends in Salmonella isolations from poultry to be monitored and indicated the increase
in S. Enteritidis that paralleled the increase in human cases and culminated in the ‘salmonella in
eggs crisis in 1988.

In 1989, a new Zoonoses Order replaced and broadened the scope of the 1975 Order and
is presently the legislation under which any action is taken when a Sa/monella organism is iso-
lated. Its main provisions are the requirement to report the results of tests that identify the pres-
ence of the organism, the provision of a culture to the Ministry of Agriculture, Fisheries and
Food (MAFF), now DEFRA, the taking of live birds and other samples for diagnostic purposes,
imposition of movement restrictions and isolation requirements, and a requirement for the
cleansing and disinfection of premises and vehicles. The Order also applies the provision of the
Animal Health Act 1981 with regard to compulsory slaughter and compensation.

The Poultry Breeding Flocks and Hatcheries (Registration and Testing) Order 1989 was
introduced with the objective of reducing the vertical transmission of salmonellas so that birds
placed at the commercial generation level do not take the infection to premises with them. In
1993 this was replaced by a new Poultry Breeding Flocks and Hatcheries Order, which enacted
in the legislation of the UK the provision of EC Directive 92/117 on Zoonoses which, since 1
January 1994, has been the main European legislation for the control of Sa/monella infections in
poultry. This Order only applies to domestic fowls and requires regular monitoring of breeding
flocks and hatcheries following a prescribed programme using methods laid down in the Order.
A new EU Zoonoses Directive (2003/99) Regulation (2160/2003) is now being implemented in
which the minimum requirements for sampling are laid down and breeding and rearing flocks
will be monitored for all Salmonella serovars. In addition, commercial layer and broiler flocks,
turkeys and ducks will also be monitored for Salmonella serovars of public health significance.

Feedstuffs have always been a potential source of Salmonella infection for poultry and in the UK,
as well as replacing the Diseases of Animals (Processed Protein) Order 1981, the Processed Animal
Protein Order 1989 considerably strengthened its provisions. This has now been replaced by the
Animal By-Products Order (1999); it requires those who process animal protein to be registered
with DEFRA and for them to test each day’s consignment for salmonellas at an authorized labora-
tory. If a salmonella is isolated, the processor is required to ensure that no contaminated material
is consigned from a store for incorporation into animal feedstuffs. This is in addition to any sub-
sequent action that might be taken by the Ministry under the Zoonoses Order 1989. A number
of voluntary codes of practice covering several sectors of the animal feedstuffs industry have been
introduced relating to the production, handling and storage of material ranging from raw ingre-
dients to finished feeds. Tighter controls on the importation of animal and fish protein were
introduced at the same time so that consignments from overseas countries could be categorized
according to the likely risk of being contaminated with Sa/monella and dealt with appropriately.

These statutory measures reflect the complexity of Salmonella infections in poultry and the
fact that no single measure is sufficient to solve the problem, which is essentially one of human
public health rather than poultry health.
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In general, in the UK salmonellosis has not been a disease of major economic importance (apart
from the cost of monitoring and control schemes) or a significant cause of mortality in the
National Poultry Flock, with the exception of pullorum disease and fowl typhoid in earlier years.
However, more recently epidemics of S. Enteritidis have given cause for concern to the industry
because of the loss of consumer confidence and ensuing legislation as a result of public health
significance. Efforts to control paratyphoid infections in poultry are driven by public health con-
siderations rather than expectations of securing improvements in production efficiency.

The substantial cost of meeting the conditions necessary for effective prevention of infection
leads to questions of cost-effectiveness but there is little doubt that effective prevention is pos-
sible. A national programme in Sweden has reduced Salmonella-infected chicken flocks to a very
low level and in the UK improved hygiene and biosecurity, combined with vaccination, has
led to a substantial reduction in the prevalence of Salmonella in poultry flocks. Effective flock
monitoring at all levels of production is necessary to detect infections and to institute appropri-
ate control measures. The industry must therefore be constantly vigilant to maintain the highest
standards of management and disease security at breeding farms, hatcheries, rearing farms, feed
mills and processing plants in order to prevent the introduction and spread of salmonellosis,
both from established serovars but also from new or emerging strains.
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PULLORUM DISEASE

‘The causal agent was first described by Rettger in 1899; in 1909 he gave it the name Bacterium
pullorum and later changed it to Salmonella pullorum. The disease had been previously known
as bacillary white diarrhoea, or BWD, but as white diarrhoea was not always a clinical feature it
became better known as pullorum disease. By 1930 the cycle of infection had been worked out,
the key role of transmission of infection via the ovaries of carrier birds had been recognized and
the value of the agglutination test in detecting carrier birds was established.

Cause

S. Pullorum is a Gram-negative bacillus (0.3-0.5 X 1.25pm), and under normal laboratory
conditions is nonmotile and does not express flagellar or H antigens. More recently it has
been reported that motility can be induced in some isolates of S. Pullorum under specialized
laboratory conditions. Its somatic antigenic structure is 1, 9, 12 and it is in group D of the
Kauffmann—White classification scheme. The 12 antigens can further be differentiated into 12,
12, and 125 and different strains of S. Pullorum contain different proportions of the 12, and
125 antigen factors.

Hosts

While all avian species can be infected with S. Pullorum, reports of clinical disease in species
other than chickens, turkeys and pheasants are rare. Waterfowl are more resistant to this organ-
ism and there also seem to be varying degrees of resistance among different breeds of chicken.

Spread

The most important method by which pullorum disease infects any group of birds is from an
infected parent bird via the ovary to the newly hatched chick. A proportion of infected birds
become adult carriers with S. Pullorum infection persisting in the spleen until the birds become
sexually mature, when the capacity to respond to infection is inhibited as a result of the pres-
ence of high concentrations of female sex hormones, resulting in the infection spreading to the
reproductive tract, including the ovaries and ova. Such infected hens are not likely to be prolific
egg layers and only a small percentage of the eggs laid are likely to be infected. The fertility
and hatchability of infected eggs are also likely to be below average. However, viable chicks can
hatch from such infected eggs and become a source of infection. Fluff from such chicks is likely
to be heavily contaminated with S. Pullorum and, as it dries, the bacteria are rapidly dissemi-
nated through the incubator or brooder. Thus pullorum disease is passed from hen to chick by
vertical transmission and then there is rapid lateral spread from chick to chick in hatcheries and
rearing units. The organism can survive outside the body for many months.

The immunological basis for the carrier state is unclear but it is known that the bacteria per-
sist within macrophages in the spleen and that secreted proteins associated with Salmonella
pathogenicity island 2 are essential.

In recent years S. Pullorum has been detected on occasion in pheasants in the UK, which may
pose a threat to free-range poultry flocks.
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Clinical signs

Pullorum disease is seen predominantly in chicks under 3 weeks of age and the first indication
is usually excessive numbers of dead-in-shell chicks and deaths shortly after hatching. Affected
birds show variable and nonspecific signs, including depression with tendency to huddle, respi-
ratory distress, lack of appetite and white, viscous droppings that adhere to the feathers around
the vent. The mortality varies considerably and in extreme cases can be 100%.

A subacute form with lameness and swollen hock joints may be seen in growing birds and
result in poor growth rates. Older birds may appear listless and have pale and shrunken combs.
Reduced egg production with lowered fertility and hatchability may be the only sign of the dis-
ease when adult birds are affected. The condition, however, is rare in adult birds.

Lesions

Chicks that die shortly after hatching are likely to have peritonitis with an inflamed, unab-
sorbed yolk sac. The lungs may be congested and the liver dark and swollen with haemorrhages
visible on the surface. Sometimes, in chicks that die in the acute phase of the disease there are
no specific lesions, or only those of a septicaemia with the liver congested and the subcutaneous
blood vessels dilated and prominent. In chicks that die after showing signs of disease for 1-2
days, there is likely to be typhlitis: the caeca are enlarged and distended with casts of hard, dry,
necrotic material. Discrete, small, white, necrotic foci are also often found in the liver, lungs,
myocardium and gizzard wall. In growers affected with arthritis, the hock and wing joints are
usually enlarged because of the presence of excess lemon- or orange-coloured gelatinous mate-
rial around the joints. In general, the lesions are neither characteristic nor constant.

In adult birds, the characteristic lesion is an abnormal ovary with the ova irregular, cystic,
misshapen, discoloured and pedunculated with prominent thickened stalks (Fig. 8.2). There
may also be peritonitis, arthritis and pericarditis. In some infected adult hens the ovary is inac-
tive with the ova small, pale and undeveloped.

The clinical signs and post-mortem findings in pullorum disease are variable and not sufficiently
characteristic to make a firm diagnosis. Therefore disease is diagnosed in the chick by isolat-
ing the causal organism following cultural examination of viscera. S. Pullorum grows readily on
blood agar as small, discrete, round, transparent, glistening colonies. Growth on selective media
is variable, when the organism forms small, round colonies. Selenite broth and tetrathionate
are the enrichment media of choice for isolation of the organism; however, the organism will
usually grow on direct culture on MacConkey agar as pale, non-lactose-fermenting colonies.
S. Pullorum differs from S. Gallinarum in its inability to ferment dulcitol and maltose.
Serological tests can be used to detect S. Pullorum antibodies in infected older birds.
Antibodies take several days to appear and maximum production may not occur until several
months after initial infection. They may not be reliably detectable, therefore, until the bird has
reached immunological maturity at 16 weeks of age. A number of tests are available to detect
the antibodies but the two that have been most frequently used are the rapid plate agglutina-
tion test on whole blood, using a stained antigen, and a tube agglutination test carried out
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Fig. 8.2 The lesions in the ovary in pullorum disease (a) compared with a normal ovary (b).

on serum. In addition, indirect ELISA is able to detect infection and, by combining LPS and
flagella antigens, can be used to differentiate infection with S. Enteritidis from . Pullorum/
Gallinarum.

The rapid plate agglutination test or WBT is carried out as described below. Reactions in
most cases occur immediately on mixing of blood with antigen, and are nearly always complete
within 30s. If fine, pinpoint blue granules appear, either throughout the mixture or only at the
margins, the result is interpreted as doubtful. Any reaction that occurs between 1 and 2min
must also be regarded as doubtful, while reactions occurring after 2min are considered to be
negative. When turkeys, geese, ducks, guinea-fowl, pheasants, partridges and quails are tested
the above procedure for reading and interpreting the test results should be followed but the level
of false-positive reactions is likely to be much higher than in chickens.

Flock testing

For flock testing the rapid plate test using whole blood is quick and easy to perform and reactor
birds can be identified at one handling and do not have to be leg- or wing-banded. Labour is
thus reduced to a minimum and delays in transit, leaking and broken tubes and errors in iden-
tifying samples are eliminated. This test can also be used on serum in the laboratory. The tube
test, however, has the advantage of being quantitative, with a result expressed as a specific dilu-
tion, and is a useful back-up check for the plate test.

Two consecutive clear tests, 1 month apart, are necessary before a flock can be considered
with confidence to be free of pullorum disease. When the tube test is used serum titres may
fluctuate and in both types of test environmental contamination or carrier birds in the early
stages of infection may cause reinfection immediately after a clear test. There is no significant
difference in accuracy between the two tests on a flock basis, although the WBT is not satisfac-
tory for testing turkeys.

In the early stages of a pullorum eradication scheme, where the disease is still widespread
or where there is a recent flock history of the disease, the test should be interpreted strictly.
All doubtful and positive reactors should be culled. As a check on the rapid plate test, blood
samples should be taken from a proportion of the reactors and subjected to the tube agglu-
tination test; the birds should then be killed and the viscera cultured in an attempt to isolate
S. Pullorum. In the later stages of an eradication scheme occasional reactor birds may be found,
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and these should be submitted for bacteriological examination. It is possible for false-positive
serological reactions to occur, usually because of cross-agglutination by other organisms such as
coliforms and streptococci.

Two simple and effective tools for carrying out the rapid plate test are a needle/wire 10 cm in
length, with the blunt end bent to form a loop 5mm in diameter, and a white porcelain plate
15 X 12cm in size divided into 12 equal squares. The needle is held by the operator and the
brachial vein is pricked where it passes over the elbow joint. The needle is then reversed and a
0.02mL drop of blood is picked up in the loop. This is mixed with 0.04 mL polyvalent crystal-
violet-stained antigen on the porcelain plate. Between birds the needle is washed in saline, and
after 12 tests have been completed the plate is washed in saline and wiped dry. The test should
be carried out in a cool, dust-free atmosphere in good natural light. It should not be carried out
in bright sunlight; in the open, a shaded area is best. A skilled operator supported by experi-
enced helpers on a well-managed unit can test up to 200 birds an hour. A limit of 1000 birds a
day for one operator is sensible in order to avoid fatigue and error.

For the rapid slide agglutination test in the laboratory 0.02mL serum is mixed with 0.02 mL
stained antigen. The interpretation of results is the same as for the WBT.

A number of antibacterial agents will reduce the morbidity and mortality if used to treat birds
infected with S. Pullorum. However, no treatment is likely to eliminate all carriers from an
infected flock. In most cases treatment is not recommended and control should be by repeated
blood testing and elimination of reactor birds. In the event of disease in a small backyard flock
the owner should be advised to slaughter the whole flock and restock on new ground with
clean, tested, pullorum-free birds. Breeding from such small infected flocks should be strongly
discouraged.

After the epidemiology of S. Pullorum infection had been worked out and a reliable test
to detect carrier birds was available, many countries embarked on programmes to control the
disease by eradication. Such programmes are based on repeated blood tests on birds in breed-
ing flocks and removal of reactors, thereby reducing persistently infected birds and the associ-
ated risk of vertical transmission. This is combined with high flock management standards and
hatchery discipline. Birds are usually tested between 16 weeks and point of lay, and two con-
secutive clear tests 1 month apart followed by an annual clear test provide the accepted evidence
that a flock is pullorum-free. Replacement birds must be purchased only from flocks known to
be free of the disease, or kept isolated until they have been tested and found to be pullorum-
free. Eggs from pullorum-free flocks should be incubated and hatched only in hatcheries receiv-
ing eggs exclusively from clean flocks.

On a national basis, breeding flocks and hatcheries are usually grouped together in a scheme
administered and supervised by government authority.

In the UK such a scheme (the Accredited Poultry Breeding Stations Scheme) was started in
1933 and offered free annual blood testing for detection of pullorum disease. In 1935 this was
supplemented by the Accredited Hatcheries Scheme, which provided supervision of hatcheries
by government inspectors, and in 1948 the two schemes were combined as the Poultry Stock
Improvement Plan. Later this became the Poultry Health Scheme. Initially the tube agglutina-
tion test was used but in 1942 the rapid whole blood plate test was introduced. Between 1943
and 1963 the prevalence of infected flocks was reduced from 30% to 4%. However, it was not
until 1972 that all flocks in the Poultry Health Scheme become free of S. Pullorum infection.
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Eradication was complicated by the appearance in the late 1950s of a variant strain of
S. Pullorum. Birds infected with this strain gave doubtful or negative reactions to the test. The
problem was solved by using a polyvalent antigen that included both standard and variant strains.

When all flocks in the Poultry Health Scheme became free of pullorum disease the annual test-
ing regimen was relaxed and, currently, parent breeding flocks are not normally tested. Testing is
confined to grandparent flocks and only 25% of the adult birds are blood-tested each year.

The normal breeding pyramid in a country with a modern poultry industry is for a small
number of primary or grandparent breeding flocks to supply breeding birds to parent or mul-
tiplier flocks. The commercial egg production hens and broilers are then supplied from these
parent flocks. As pullorum disease spreads mainly by vertical transmission, if the grandparent
flocks are pullorum-free, the parent and commercial birds should also be free of disease, if in a
clean environment.

There are still a few flocks in the UK outside the Poultry Health Scheme that are infected
with S. Pullorum. These are flocks of original pure breeds. Infection is unlikely to spread from
such flocks to the breeding flocks in the scheme unless the rules are broken and a member is
unwise enough to introduce untested birds into his main flock. Anyone wishing to buy old and
rare breeds of poultry for flocks outside the Poultry Health Scheme should ensure that the birds
are tested for pullorum disease before purchase.

FOWL TYPHOID (SALMONELLA GALLINARUM
INFECTION)

Towards the end of the 19th century, an infectious enteritis causing heavy mortality in chick-
ens was described in Europe and North America. In 1902 it was given the name fowl typhoid
and recognized as a clinical entity distinct from fowl cholera. The causal organism was a non-
motile, Gram-negative bacillus that eventually became known as Salmonella Gallinarum. For
many years fowl typhoid was a major problem in poultry flocks throughout the world but in
the UK and other countries with an advanced poultry industry it is now rare and seldom iso-
lated. However, it has increased dramatically in recent years in South America and other parts of
the world and constitutes a serious poultry health problem.

Cause

S. Gallinarum is a short bacillus (1.0-2.0 X 1.5pm) that does not possess flagella. It has the
somatic antigen structure O1, 9, 12 and is thus classified within group D of the Kauffmann—
White scheme. S. Gallinarum ferments glucose, mannitol, maltose and dulcitol but does not
ferment lactose, sucrose and salicin.

Hosts

Almost all outbreaks in the UK have been in chickens but in some countries, notably the USA,
serious incidents with heavy mortality have occurred in turkey flocks. Fowl typhoid has also been
reported in ducks, pheasants, guinea fowl, peafowl, grouse and quail. The disease differs from
other avian Sa/monella infections in that clinical disease is usuaﬂy seen in growers or adult birds,
although chicks can be affected. Certainly under experimental conditions chickens of any age are
susceptible, whereas S. Pullorum produces severe clinical disease only in very young chicks.
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Spread

The causal agent is passed out by infected birds in the droppings and lateral spread is by the
ingestion of such material in contaminated food or water. S. Gallinarum will persist in faeces
for at least a month, and in infected carcasses for much longer periods. In the UK, fowl typhoid
was a disease of flocks kept extensively and was often, but not always, associated with poor
management. Rats, dogs, foxes and wild birds may carry parts of infected carcasses from flock
to flock under these conditions and infected carcasses may also contaminate ponds and streams.
Recovered birds frequently remain carriers for long periods, and it is axiomatic that the move-
ment of such birds could readily be a means by which the disease spreads. Egg transmission also
occurs, with the opportunity for lateral spread of infection to contact birds in the hatchery or
rearing units. Similarly, attendants, visitors, etc. may carry infection from one farm to another,
or house to house, unless appropriate disinfection procedures are in place.

Clinical signs

In acute outbreaks, the first sign of disease is likely to be an increase in mortality followed by
a drop in food consumption and, if the birds are in lay, a drop in egg production. Depression,
with affected birds standing still with ruffled feathers and their eyes closed, is a common fea-
ture. Respiratory distress with rapid breathing can occur but the most characteristic clinical sign
is a watery to mucoid yellow diarrhoea. In birds that do not die within 2 or 3 days of develop-
ing these signs, a chronic phase follows. There is progressive loss of condition and an intense
anaemia develops, which produces shrunken, pale combs and wattles. The incubation period
is short, usually between 4 and 6 days; the disease will spread rapidly through the flock and, if
untreated, can result in losses of 50% or more.

Subacute outbreaks of disease may result in sporadic mortality over a long period. Egg trans-
mission is not a regular feature of the disease but can occur and leads to an increase in dead-in-
shell embryos and small, weak, moribund or dead chicks on the hatching trays. When young
chicks are affected, the signs are nonspecific and similar to those seen in pullorum disease or sal-
monellosis. Weakness, reluctance to move, a tendency to huddle and a drop in food consump-
tion all occur. Yellow, pasty droppings, which adhere to the feathers around the vent, are also
seen. Sometimes there is respiratory distress with rapid breathing and gasping.

Lesions

The carcasses of birds dying in the acute phase of the disease have a septicaemic, jaundiced
appearance, with the subcutaneous blood vessels injected and prominent, and the skeletal mus-
cles congested and dark in colour. A consistent finding is a swollen friable liver that is dark red
or almost black, and the surface has a distinctive coppery bronze sheen after exposure to the
air for a short period. The spleen may also be enlarged and a catarrhal enteritis, particularly
involving the small intestine, is usually present. The intestines typically contain viscous, slimy,
bile-stained material. Necrotic lesions in the small intestine may be visible through the wall of
the intestine. A characteristic additional feature is dark-brown bone marrow. Emaciation and
an intensely anaemic carcass with focal necrosis in the heart, intestines, pancreas and liver are
found in birds dying in the chronic phase of fowl typhoid. Greyish-white necrotic foci are also
seen in the myocardium, the mucosa and submucosa of the first part of the intestines, and the
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pancreas. A pericarditis, with turbid yellow fluid in the pericardial sac and fibrin attached to the
surface of the heart, is a feature of chronic fowl typhoid. In young chicks, additional findings
may be discrete necrotic foci in the lungs and gizzard. Well-defined necrotic foci in the testicles
have been reported in cockerels affected with the disease. In laying birds there may be retained
yolks, which may subsequently rupture.

S. Gallinarum grows on blood agar as well-defined, opaque, glistening colonies and will grow
readily on MacConkey agar as pale, non-lactose-fermenting colonies and also on DCA and bril-
liant green agar (BGA). S. Gallinarum will also grow in selective enrichment media and, of
these, sclenite and tetrathionate are the most frequently used for its isolation. S. Gallinarum
and S. Pullorum have many similar biochemical, cultural and serological properties. However,
S. Gallinarum grows more readily on solid media and produces larger colonies and, in contrast
to S. Pullorum, ferments maltose and dulcitol and does not decarboxylate ornithine. A further
difference is that variant forms of S. Gallinarum do not occur. Like S. Pullorum, this bacterium
can survive outside the host’s body for many months.

As S. Gallinarum has the same antigenic structure as S. Pullorum the rapid plate agglutina-
tion test or whole blood, using the stained S. Pullorum antigen, can be used to detect carriers of
S. Gallinarum. ELISA has also been demonstrated to be of use as a flock test.

Treatment

Therapy with a number of antibacterial agents will reduce clinical signs and mortality in a
flock affected with fowl typhoid. Furazolidone given continuously in the feed for 10 days at
a level of 0.04% was generally considered to be the best treatment regimen (furazolidone is
no longer available in EU countries). Treatment is unlikely to eliminate S. Gallinarum infec-
tion completely and chronically infected carrier birds are likely to remain even after treatment.
Reinfection of susceptible birds with the development of clinical disease may also occur, with
the disease recycling in the flock. Treatment should therefore always be accompanied by culling
of chronically affected birds and reactors to a blood test and the prompt removal and incinera-
tion of all carcasses. Prolonged and extensive use of treatment in some countries has resulted in
increasing resistance, manifest by increasing minimum inhibitory concentration (MIC) values.
Such resistance is not readily detected by disc diffusion tests.

Vaccination

When fowl typhoid was widespread in the UK between 1950 and 1960, a vaccine was
developed that was used successfully in many flocks. It was a live attenuated rough strain of
S. Gallinarum known as vaccine 9R. After subcutaneous injection into chickens between 10
and 18 weeks of age it usually gave solid, long-lasting immunity. Vaccination reduces mortal-
ity in flocks challenged with S. Gallinarum and does not depress egg production when used
in flocks free of the disease. There is evidence, however, that immunity varies with the age and
genetic susceptibility of the bird. Vaccinated birds can carry and excrete the rough strain of
S. Gallinarum for long periods, and it can also be transmitted through the eggs laid by vaccinated
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birds, but there is no evidence of reversion to virulence. Some vaccinated birds develop hepatic
and splenic lesions without mortality but the vaccine has the advantage that few birds produce
antibodies detectable by the WBT. In countries where fowl typhoid remains a major problem
vaccination still has a place and, if an early diagnosis of fowl typhoid is made, treatment with a
suitable antimicrobial followed by vaccination after the effect of the drug has lapsed is a useful
control procedure.

Genetic resistance and other approaches

Experimental work has indicated enormous differences in inbred White Leghorn lines in resist-
ance to S. Gallinarum as a result of inheritance of a single genetic locus. Mapping is under way
to establish the identity of the gene(s) involved.

Experimental work has also indicated the value of using formic acid incorporation in the feed
to reduce horizontal transmission.

Blood testing

Serological testing can be used to monitor flocks and positive birds can then be culled from
the flock. The blood test thus supports a treatment and vaccination control programme. On a
national basis, systematic blood testing of breeding flocks for S. Pullorum disease with removal
of reactors has undoubtedly been the main reason why fowl typhoid has been virtually eradi-
cated from most countries with a progressive poultry industry.

Harbourne J F, Williams B M, Fincham I H 1963 The prevention of fowl typhoid in the field using a
freeze-dried 9R vaccine. Vet Rec 75: 858-861

Shivaprasad H L 2003 Pullorum disease and fowl typhoid. In: Saif Y (ed) Diseases of poultry, 11th edn.
Iowa State University Press, Ames, p 568—582

Silva E W, Snoeyenbos G H, Weinack O M, Smyser C F 1980 Studies on the use of IR strain of

Salmonella Gallinarum as a vaccine in chickens. Avian Dis 25: 38-52

ARIZONOSIS

In 1939, a Gram-negative bacterium was isolated from a lizard carcass in Arizona and tenta-
tively identified as Salmonella var. arizonae. In the next few years other organisms with simi-
lar biochemical and cultural characteristics were reported from many different parts of the
world. It was felt that they had certain common properties that distinguished them from
Salmonella strains, and they became known as paracolons or arizonas. However, in 1982,
members of the International Subcommittee on Taxonomy of Enterobacteriaceae decided that
members of the Arizona group of bacteria should be classed in two subspecies of the genus
Salmonella because their DNA was closely related to other Salmonella species. More than
300 antigenically distinct Arizona serovars have now been identified and have been incor-
porated into the Kauffmann—White scheme as S. enterica subspecies Illa (arizonae) and I1Ib
(diarizonae).

Although the organisms were frequently isolated from diseased snakes on farms where there
was a high mortality in infected turkey poults, it was suggested that Arizona organisms were
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opportunists that had spread from reptiles to turkeys. However, it was later shown that the infec-
tion was endemic in many turkey flocks in North America and spread occurred mainly by verti-
cal transmission via the hatching egg. The types of Arizona organisms causing disease in turkeys
were also found to be distinct from those affecting reptiles and the disease proved to be of consid-
erable economic importance to the turkey industry in North America and certain other parts of
the world.

Cause

Arizonae organisms are Gram-negative, flagellated bacilli that do not form spores. They grow
on ordinary liquid and solid media at 37°C in a similar way to other Salmonella organisms.
However, unlike other salmonellas, in media containing lactose many Arizonae will ferment this
sugar if incubated for several days. Arizonae grow on bismuth sulphite agar and the colonies
have a distinctive black sheen. They can be differentiated biochemically from other Salmonella
subspecies by their reactions on malonate, dulcite and O-nitrophenyl-8-galactopyranoside
(ONPG). The basic serological identification procedures are similar to those used for other
Salmonella. Thirty-four somatic O and 43 flagellar H antigens have been demonstrated; a colon
is used to separate the O and H antigens when writing the formula for an isolate. Two sero-
vars, O18:z4:z3, and O18:z4:z,3, are the ones most frequently isolated from poultry in North
America, and O18:24:23, was the strain that caused the outbreaks of disease in the UK in 1967.

Hosts

Turkeys appear to be the most susceptible avian host. Disease caused by Arizonae infection has
been described in chicks and ducklings but outbreaks in poultry other than turkeys are not
common.

Arizonae organisms have been isolated from a large number of different species of birds and
mammals, including sheep, where they have produced occasional enteric problems, and prob-
ably all species can be transiently infected.

Spread

The organisms are widely distributed in the environment but poultry and reptiles probably pro-
vide the main reservoir of infection. Rodents and wild birds have also been blamed for intro-
ducing Arizonae into a previously clean poultry unit or carrying infection from one flock to
another.

If an adult turkey is infected, the organism may localize in the intestine and such a bird may
then become a carrier and excrete Arizonae organisms for long periods. It has also been shown
that, after a female poult has recovered from systemic infection, the organism can localize in the
ovary and from there be transmitted to progeny via the egg. However, it is generally agreed that
transmission via the egg occurs most frequently following contamination of the shell with infected
faeces. It has been shown that the Arizonae bacillus can readily penetrate the shell and shell mem-
branes at 37°C. Once an embryo or poult is infected, lateral transmission can readily occur in the
hatcher or hatchery by aerosol and in the brooder by direct contact and via contaminated food
and water.
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Clinical signs

The signs shown by poults with arizonosis are similar to those shown by chicks with salmonel-
losis but eye abnormalities are seen more frequently and nervous signs are a regular additional
feature. Affected birds are listless, tend to huddle, look dejected and have pasty facces, which
stick to the vent feathers. Various nervous signs, including ataxia, trembling, leg paralysis, torti-
collis and convulsions, have been described. A characteristic finding is visual impairment, with
a white opacity that can be seen deep in the eye when looking directly into the pupil. As with
salmonellosis, clinical signs are virtually confined to poults less than 5 weeks of age. Morbidity
and mortality vary, but losses of up to 90% in a group of poults have been reported. Adult birds
generally show no clinical signs of disease but can be carriers and excrete the organisms for long
periods.

Lesions

Poults dying of arizonosis are likely to have a septicaemic carcass with generalized peritonitis.
The yolk sacs are frequently inflamed and the air sacs thickened with opaque white to yellow,
cheesy, caseous deposits adhering. The livers may be swollen and discoloured (yellow) and dis-
crete necrotic foci are sometimes found throughout the substance of the liver. Commonly there
is an enteritis and a distinctive finding, as with salmonellosis, is typhlitis with white caseous
casts filling the caecal lumen. Eye lesions are a characteristic feature, with retinitis and a thick
exudate covering the back inner surface of the eyeball. Sometimes this varies and appears as a
hard, circular white disc of inspissated caseous material. Changes are seen in the central nervous
system and striking lesions may be seen histologically.

@omﬁ

The clinical signs and post-mortem findings in birds affected with arizonosis are not specific
and cannot be differentiated from other forms of salmonellosis. However, if there are any poults
with incoordination and eye abnormalities, arizonosis should be strongly suspected.
Confirmation of the diagnosis is by isolation and identification of the causal agent. When
dead poults are examined, retained yolk sac material, liver, retinal exudate, air sacs and cae-
cal contents are suitable specimens for culture. If dead-in-shell or infertile eggs are available,
the shell and shell membranes are the most rewarding specimens to examine. When examining
the carcasses of adult birds to determine whether or not they are carriers, the ovaries should
always be cultured. Direct cultural examination on MacConkey agar, after overnight incubation
at 37°C and also after incubation for 24 and 48h in selenite F broth before subculture on to
MacConkey agar and DCA, is an effective standard routine for isolation of Arizonae organisms.
In addition, it is advisable to culture onto bismuth sulphite agar, allowing the plate to remain
for 4 days at 40°C to overcome excessive inhibitory properties. Arizonae will grow as black colo-
nies on bismuth sulphite agar and as late or non-lactose-fermenting colonies on DCA. Such
colonies are then stabbed into the butt of a lysine iron agar slope and streaked on to the slant.
Colonies can be conveniently identified as S. Arizonae if a black streak appears on the butt
of the media with no other media colour change after overnight incubation. Arizona colonies
can then be differentiated from other Salmonella serovars by their reactions in malonate, dulcite
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and ONPG broth. Organisms that comply with the above biochemical reactions to indicate
Arizonae are then checked for O and H Arizonae antigens by slide and tube agglutination tests
using specific Arizonae O and H antisera.

Serological tests

Birds infected with Arizonae do not always produce detectable antibodies in their serum or the
production may be transient. Adult female carriers may not have had detectable antibodies dur-
ing their growing period but a rise in antibody level sometimes occurs at point of lay. Antibodies
to the O antigen can be detected by cither tube agglutination or rapid plate agglutination tests
using an antigen comprising the Arizonae bacillus in buffered formal saline, 10% glycerine and
1% of a 3% alcoholic solution of crystal violet. The H antibodies can be detected only by tube
agglutination tests using a formalinized motile broth culture. The rapid plate agglutination test
is a useful field-screening test but needs to be supported by the O tube agglutination testing in a
control programme. An ELISA using outer membrane proteins as the antigen has been recently
used successfully for the detection of infected poultry.

Treatment of affected birds with certain sulphonamides, furazolidone (if available), furaltadone
and fluoroquinolones may reduce losses in acute outbreaks. It is possible that treated birds may
remain carriers or that treatment may prolong the length of time that carriers excrete the organ-
ism. At best, treatment should only be used to prevent spread of disease in commercial flocks.

As is the case with salmonellosis, the best way to control arizonosis is to start a flock with birds
from a known clean source and then make every effort to prevent introduction of infection.
This can be achieved only by maintaining sensible flock biosecurity and high management
standards. Egg transmission plays an important role in disease spread and high standards of
hatching egg hygiene are therefore vital. Frequent egg collection, keeping nest boxes scrupu-
lously clean, avoiding incubation of floor or badly contaminated eggs and fumigation of eggs
as soon as possible after collection are essential practices. Proper storage and handling of eggs is
also necessary. Injection of hatching eggs with antibacterials has also been used but this is not
recommended because of the risk of producing resistant organisms.

If a turkey breeding flock becomes infected with Arizonae, eradication is always difficult
and sometimes impossible. Several types of vaccine have been applied to turkey breeding stock
and shown to protect against systemic infection and reduce faecal shedding, and thus prevent
egg transmission. By using an oil-adjuvant vaccine in turkey breeding flocks, it was possible to
obtain Arizona-free progeny from vaccinated breeder flocks held in infected environments.

Experience in the UK has shown that the eradication of Arizonae infection from breeding
turkey flocks is possible. In 1968 clinical arizonosis in turkeys was diagnosed in the UK in
five widely separated flocks. All the affected birds originated from one breeding flock compris-
ing birds that had been imported as day-olds from California. These had been in quarantine
for 6 months without showing clinical or post-mortem evidence of arizonosis. The imported
flock was slaughtered and infection in the progeny was eradicated by a programme of repeated
serological testing of the breeding birds and cultural examination of infertile eggs, dead-in-
shell embryos and cull poults. This was backed up by a system of management practices that
included keeping the breeding birds isolated in small pens and slaughtering all the birds in a
pen if one serological or cultural examination was positive. This control programme was effec-
tive and Arizonae infection was eliminated from the turkey industry in the UK. This illustrates
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that Arizonae infection can be eliminated from breeding flocks by a thorough and painstaking
programme of testing and good management discipline. It also emphasizes how important it is
for a country free of the infection to be constantly vigilant to ensure that arizonosis is not intro-

duced with imported birds or hatchery eggs.

Gast R K 2003 Paratyphoid infections. In: Saif Y (ed) Diseases of poultry, 11th edn. Iowa State University
Press, Ames, p 583-613

Greenfield ], Bigland C H, Dukes T W 1971 The genus Arizona with special reference to Arizona disease
in turkeys. Vet Bull 41: 605-611

Jordan F'T W, Lamont P H, Timms L, Grattan D A P 1976 The eradication of Arizona 7:1,7.8 from a
turkey breeding flock. Vet Rec 99: 413-417

COLIBACILLOSIS

Bacteria of the species Escherichia coli are normal inhabitants of the digestive tract of mammals
and birds and most strains are nonpathogenic. Certain serovars, however, can cause disease in
all species of poultry and yolk sac infection, coligranuloma (Hjirres disease), egg peritonitis and
colisepticaemia are well-recognized results of E. coli infection. These conditions can be conven-
iently grouped together under the heading colibacillosis.

COLISEPTICAEMIA

Colisepticaemia is the most serious manifestation of colibacillosis and the disease rose to promi-
nence with the development of the broiler industry. When the broiler industry expanded, large
numbers of birds were kept intensively at high stocking rates in poorly ventilated houses. As
conditions in the broiler industry improved, the incidence of the disease fell.

Cause

Members of the genus Escherichia are Gram-negative, flagellated rods (2-3 X 0.6pum). They
grow readily on plain or blood agar as convex, circular, smooth, grey colonies. Most avian path-
ogenic serovars are nonhaemolytic on blood agar. They ferment glucose, mannitol and lactose
but do not ferment inositol, liquefy gelatin or produce H,S in Kligler’s medium. The Eijkman
test provides a useful screening procedure for identification and an organism producing acid
and gas at 44°C in MacConkey’s lactose bile broth can be tentatively regarded as E. coli.

Serovars are usually identified and referred to by only their O or somatic antigen, although
the full antigenic formula also includes a K or capsular antigen and the H antigen. Usually, but
not invariably, the O, K and H antigens occur in the same combination. The K antigen can be
identified by a rapid slide agglutination test and gives an indication of which O antigen is likely
to be in combination. To identify the O antigen it is necessary to remove the heat-labile K anti-
gen and then carry out a tube agglutination test.
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Most of the pathogenic E. coli belong to a small range of serogroups that includes O1:K1,
02:K1 and O78:K80. The O1 carbohydrate capsule has been identified as an important viru-
lence determinant that inhibits phagocytosis.

Hosts

Chickens, turkeys, ducks and pheasants can all be affected with colisepticaemia but the disease
is most commonly seen in young chickens.

Spread

E. coli organisms, including the pathogenic serotypes, may inhabit the intestinal tracts of poul-
try and wild birds and be shed in the faeces, sometimes in high numbers. E. co/i will persist for
long periods outside the bird’s body in dry, dusty conditions and it has been shown that wet-
ting the litter can reduce the incidence of colisepticaemia. E. coli challenges are contributed to
or spread by bacterial load from contaminated drinking water. Faccal contamination of the egg
may result in the penetration of E. coli through the shell and it has been estimated that in some
cases 0.5-6% of eggs may contain the organism. E. co/i may spread to other chickens during
hatch and is often associated with high mortality rates, or it may give rise to yolk sac infections.

Influencing factors

Mycoplasma gallisepticum and certain viral infections predispose to or exacerbate colisepticaemia.
Thus, Newecastle disease or infectious bronchitis (IB) and IB variants, even in live vaccine form,
Avian pneumovirus (APV), infectious bursal disease (IBD), coccidiosis and nutritional deficien-
cies all increase susceptibility. In turkey poults bacterial and viral rhinotracheitis, haemorrhagic
enteritis and aspergillosis predispose to colisepticaemia. Environmental stress (e.g. lack of feed/
water, too high a temperature) may also predispose birds to this disease.

Pathogenesis

E. coli are always found in the digestive tracts of poultry and in particularly large numbers in the
lower part of the small intestine and caecum. The serovars most frequently causing colisepticae-
mia are also likely to be found in the throat and upper trachea following inhalation of dust con-
taining E. coli. These pathogenic E. coli probably invade the bird’s body from the respiratory tract
following infection with other respiratory pathogens to produce the characteristic condition.
Experimental infections are most easily established following infection with respiratory viruses
such as coronavirus or rhinotracheitis virus. However E. coli may also act as a primary pathogen
when the bird’s resistance is lowered by environmental stress and poor air quality (especially dust
or high ammonia levels). Clinical colisepticaemia can be produced experimentally by parenteral
injection or intratracheal administration of these pathogenic E. coli serovars into pathogen-free
chickens, probably through avoiding respiratory tract defence mechanisms. The organism may
also infect skin wounds or lesions leading to significant subcutaneous infections.

Clinical signs

Birds between 2 and 12 weeks of age are usually affected, with most losses occurring around
4 and 9 weeks. The first sign is likely to be a drop in food consumption, which is followed by
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the birds appearing listless and standing about dejectedly with ruffled feathers. The head and
neck of affected birds may be drawn into their bodies. Affected birds develop laboured rapid
breathing, gasping or other signs of respiratory distress. Morbidity and mortality are variable
and losses are usually less than 5% of the group, but morbidity can be over 50%. After clinical
signs have subsided, the affected groups are left uneven and commercially unsatisfactory and
give rise to a high proportion of carcasses downgraded after slaughter. Lameness due to joint
infections may also be seen.

Lesions

The gross lesions are striking and characteristic, and represent a generalized polyserositis with var-
ious combinations of pericarditis, perihepatitis, air sacculitis and peritonitis. The basic finding is a
dark, dehydrated and septicaemic carcass with the liver, spleen, lungs and kidneys dark and con-
gested. The air sacs are thickened, opaque and white with adherent caseous deposits. A fibrinous
pericarditis, with the pericardial sac thickened, white and adhering to the surface of the heart, is a
characteristic finding. A skin of fibrinous material almost always covers the surface of the liver.

Diagnosis can be confirmed by isolating a profuse pure growth of E. coli on direct culture from

heart blood, the liver, lungs and air sacs.

The best method of controlling colisepticaemia is to maintain the highest standards of flock
management and obtain chicks only from disease-free, well-managed breeding flocks and hatch-
eries. Pathogenic E. coli serovars can be transmitted via the hatchery following faecal contami-
nation of hatching eggs. Chicks should be the progeny of mycoplasma-free stock that have also
been vaccinated against IBD, IB, Newcastle disease and any other disease that is a local threat.
Good litter management and properly ventilated houses are also vital factors in control of coli-
septicaemia. The litter should be dry but not dusty and the airflow through the houses should
be controlled to avoid pockets of stagnant air or a build-up of ammonia fumes.

Open ‘bell’ drinkers are to be avoided and a move by the industry to closed nipple systems was
a significant factor in the reduction of colisepticacmia outbreaks. However, the most important
influencing factors have been the eradication of M. gallisepticum and more effective control of IB
in broiler breeders. These factors, together with general improvements in housing, feeding and
ventilation, have helped reduce the incidence of the disease. Nevertheless, it is still a major threat
to poultry in the UK, particularly if management standards are not maintained at a high level.

Colisepticaemia can be treated with a number of antibacterial agents. The logical approach to
treatment is to isolate the causal E. coli serovar and carry out a sensitivity test to choose the most
suitable form of therapy prior to the start of treatment. However, in the face of disease it may be
necessary to start treatment earlier, and the choice of antibacterial agent may be based on past
experience. Data should be collected over time to assess changes in antimicrobial sensitivity to
aid the efficient and strategic use of available medications.

There have been encouraging reports of successful trials with oil-emulsified multivalent vac-
cines and other types of vaccine. These can protect birds against mortality and active respiratory
disease following challenge with pathogenic E. coli serovars, and are now commercially available.

139 [



I 140

2 | BACTERIAL DISEASES

It seems likely that they might have a role in control of colibacillosis in future, both in vacci-
nated birds and their progeny.

Under experimental conditions parenteral administration of lytic bacteriophages which attach
to the K1 capsule can be highly effective since any mutants that develop are K1-negative and
thereby less virulent.

It is convenient to describe a number of reproductive disorders of poultry, including peritonitis,
salpingitis and impaction of the oviduct, as egg peritonitis.

Cause

Avian pathogenic E. coli serovars are involved as causative agents in all birds (layers and broiler
breeders, turkeys, ducks and geese) that are sexually mature. The method of spread to the
reproductive tract is unknown but is thought to be haematogenous and from the air sacs or by
ascending infection from the vent.

Influencing factors

A variety of stressors can precipitate egg peritonitis ranging from internal and external parasites
(e.g. worms, red mite), systemic infectious disease (e.g. pasteurellosis), viral infections disrupt-
ing oviduct activity (e.g. IB) to physical effects such as adverse weather conditions or contact
with foxes.

DISEASE

Clinical signs

Affected birds may die suddenly or cease laying and become dull and emaciated. Eggs laid during
illness are likely to be deformed and show shell defects. In any flock of laying birds there will be a
small number of deaths, which is usually considered to be unavoidable. A high proportion of this
background mortality will be due to various types of egg peritonitis. However, egg peritonitis can
occur as a greater flock problem and when it does it is usually associated with some type of stres-
sor that has an adverse effect on egg passage and the normal peristaltic movement of eggs along
the oviduct. Flock peritonitis outbreaks are often linked to cannibalism or vent pecking.

Lesions

Post-mortem examination may reveal yolk debris, inspissated yolk, caseous material or milky
fluid in the abdominal cavity, together with inflammation and distortion of the ovaries and
salpingitis. This may be localized around the ovary or oviduct, or present as an abdomen dis-
tended with an offensive-smelling mass of caseous material. Alternatively, the oviduct may be
obstructed by a core of inspissated inflammatory debris, which may sometimes result in rupture
of the oviduct wall. A whole or partly formed egg may be impacted in the oviduct.
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Almost invariably a profuse pure growth of E. co/i can be isolated from the oviduct and caseous
inspissated material in such cases. Unless the carcass is examined immediately after death the
significance of E. coli may be difficult to determine because the organism is a frequent and rapid
post-mortem invader.

Treatment can be difficult due to the unavailability of antimicrobials with a nil egg withdrawal
period. Control measures are therefore aimed at controlling the many trigger factors associated
with egg peritonitis. Again, the availability of fresh potable drinking water and preventing free-
range flocks drinking from dirty puddles on range will reduce the birds” bacterial load.

YOLK SAC INFECTION (MUSHY CHICK DISEASE,
OMPHALITIS)

This condition is one of the most common causes of mortality in chicks during the first week
after hatching. E. coli can be involved either as the primary and sole causal agent or as a second-
ary opportunist. Yolk sac infection can be associated with a thickened inflamed navel, where the
route of infection is via the unhealed navel, or bacteria can multiply in the hatching egg follow-
ing faecal contamination of the shell. Yolk sac infection can cause 100% mortality in a batch of
chicks in the first week of life but deaths are usually between 5% and 10%. Other bacteria, such
as Bacillus cereus, staphylococci, Pseudomonas aeruginosa, Proteus spp. and clostridia, can also
cause yolk sac infection, either on their own or, more commonly, together with E. coli. E. coli
multiplies rapidly in the intestines of newly hatched chicks and infection spreads rapidly from
chick to chick in the hatchery and brooders. A hatching environment that is not sufficiently
humid is often associated with a high incidence of yolk sac infection.

Clinical signs

Affected chicks appear depressed and have distended abdomens and a tendency to huddle.
Sometimes the navel is visibly thickened, prominent and necrotic. Mortality in brooding sur-
rounds can be considerable.

Lesions

Affected carcasses may show a distinctive, putrefying smell. Post-mortem examination reveals a
septicaemic carcass with the subcutaneous and yolk sac blood vessels engorged and dilated. The
lungs are usually congested and the liver and kidneys dark and swollen. The striking finding is
an inflamed unabsorbed yolk sac with the yolk abnormal in colour and consistency. The yolk
may be yellow and inspissated or brownish green and watery, and is often fetid. Peritonitis with
haemorrhages in the serosal surfaces of the intestines is a regular feature.
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A profuse pure growth of nonhaemolytic E. coli may be recovered from the abdominal viscera
and particularly the yolk sac on direct culture.

Treatment is not recommended as, although antibiotic therapy may appear to reduce the mor-
tality, the recovered chicks will be uneven and will not become a viable commercial proposition.
Control is best achieved by providing the best possible brooding conditions and ensuring that
only healthy chicks from well-managed breeding flocks and hatcheries are purchased. The most
important aspects are good hatching egg hygiene on the breeder farm and effective cleansing
and disinfection in the hatchery.

COLIGRANULOMA (HJARRE'S DISEASE)

This condition usually occurs as the cause of sporadic death in adult hens. The clinical signs
are nonspecific and affected birds are usually found dead or die after depression and loss of
condition. Post-mortem examination typically shows hard, yellow, nodular granulomas in the
mesentery and wall of the intestine, and particularly the caecum. Sometimes the liver is simi-
larly affected and is hard, blotchy, discoloured and swollen. There is no effective method of
control or treatment but the condition almost always presents as a pathological curiosity rather
than a flock problem. Poor environmental conditions in small flocks are a frequent trigger.

SWOLLEN HEAD SYNDROME

Swollen head syndrome is characterized by an oedematous swelling over the eye of broilers,
broiler breeders and commercial layers. The lesions consist of gelatinous oedema involving the
facial skin and periorbital tissues, and a caseous exudate in the conjunctival sac, facial subcu-
taneous tissues and lachrymal gland. E. coli can be isolated from the lesions, although disease
appears to require previous coronavirus or APV infection. Other viruses have been suggested as
predisposing to E. coli infection and causing the syndrome. Antibacterial medication has been
reported to control the disease.

CELLULITIS

Cellulitis (sometimes called necrotic dermatitis) of the lower abdomen adjacent to the vent
region or over the thighs of broilers, and occasionally ducks (where it is often referred to as
‘cherry hip’), results in considerable economic loss through condemnation or downgrading of
carcasses. A related condition known as skin necrosis or infectious process leads to subcuta-
neous lesions in the same areas. E. coli, which may belong to serogroups O1, O2 and O78,
are usually the most consistently isolated bacteria but other bacteria are sometimes recovered
as well. Superficial skin scratches, especially in birds whose immune system may be compro-
mised (e.g. following early subclinical Gumboro disease challenge) may allow introduction of E.
coli organisms, although they may arise via haematogenous spread. There is anecdotal evidence
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that sanitization of drinking water in the last 2 weeks of production can reduce incidence at
processing.

OTHER CONDITIONS

E. coli has also been incriminated in a number of other clinical conditions, including synovi-
tis, arthritis, tracheitis, air sacculitis, panophthalmitis and localized abscesses. The organism is
undoubtedly a great opportunist, but probably rarely causes disease in the field unless there is a
precipitating management fault or some other underlying pathogen.

There have been recent reports of scouring in turkeys associated with reduced activity and
huddling resulting in mortality both in the USA and the UK. This is caused by a combined
infection with turkey coronavirus or astrovirus and secondary infection with an entero-
pathogenic strain of E. coli, which has the capacity to produce attaching-effacing lesions but
does not elaborate Shiga toxin.

Barnes H J, Vaillancourt J-P, Gross W B 2003 Colibacillosis. In: Saif Y (ed) Diseases of poultry, 11th edn.
IA Iowa State University Press, Ames, p 631-656

Culver E Dziva, E Cavanagh D, Stevens M P 2006 Poult enteritis and mortality syndrome in turkeys in
Great Britain. Vet Rec 159: 209-210

Dho-Moulin M, Fairbrother ] M 1999 Avian pathogenic Escherichia coli (APEC). Vet Res 30: 299-316

Gross W G 1994 Diseases due to Escherichia coli in poultry. In: Gyles C L (ed) Escherichia coli in domestic
animals and humans. CABI, Wallingford, p 237-259

Guy J S, Smith L G, Breslin J J et al 2000 High mortality and growth depression experimentally produced
in young turkeys by dual infection with enteropathogenic Escherichia coli and turkey coronavirus. Avian
Dis 44: 105-113

Harry E G 1964 A study of 119 outbreaks of colisepticaecmia in broiler flocks. Vet Rec 76: 443-449

Harry E G 1965 The association between the presence of septicaemia strains of Escherichia coli in the respi-
ratory and intestinal tracts of chickens and the occurrence of colisepticaemia. Vet Rec 77: 35-40

Sojka W J, Carnaghan R B A 1961 Escherichia coli infections in poultry. Res Vet Sci 2: 340-352

Wray C, Woodward M ] 1994 Laboratory diagnosis of Escherichia coli infections. In: Gyles C L (ed)
Escherichia coli in domestic animals and humans. CABI, Wallingford, p 595-628

YERSINIA PSEUDOTUBERCULOSIS INFECTION
(YERSINIOSIS, PSEUDOTUBERCULOSIS)

Yersinia pseudotuberculosis has a worldwide distribution, affecting the various species of domes-
tic poultry and a variety of wild and caged birds and rodents throughout the world. Clinical
cases of pseudotuberculosis in commercial poultry are uncommon and usually result from faecal
contamination of the birds” environment or feed. It has been reported in humans but is not an
important zoonosis. Human infection often appears to be related to consumption of food con-
taminated from avian or rodent sources.
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Cause

The causal organism is a Gram-negative coccobacillus; there are variations in its virulence and
its survival outside the body is similar to that of Pasteurella multocida.

Hosts

Amongst domestic poultry the turkey has historically been the most frequently affected and,
although reports of extensive outbreaks are scanty, flock mortality of 80% has been recorded.
Young birds of 4-10 weeks are most susceptible. More recently, cases have been detected in free-
range layers.

Spread

Infection is probably spread by contamination of food by an infected host; it is suggested that
the organism gains entry through the intestinal mucosa or occasionally through breaks in the
skin. Y. pseudotuberculosis can be a normal gut inhabitant of a variety of migratory avian species
and this may be relevant to the introduction of pseudotuberculosis into a region.

Clinical signs

Signs of pseudotuberculosis are not very specific. Birds usually show no premonitory signs and
can just be found dead. Alternatively, and less commonly, more chronic cases may occur where
the picture is often of persistent diarrhoea, weakness, ruffled feathers, lameness and progressive
emaciation.

Lesions

The gross lesions in acute cases include enlargement of the liver and spleen, sometimes with a
mottled or speckled appearance of affected organs. In the more chronic form there are multiple
caseous tubercle-like lesions of varying size in the liver, the spleen and sometimes the lungs.
Severe enteritis may be observed.

The clinical signs and gross lesions are helpful in diagnosis but evidence of infection depends
upon isolation and identification of the organism from the blood in acute cases and from lesions
in chronic cases. Histopathological confirmation on affected liver and spleen may be helpful. It
may be readily differentiated from P mulrocida and S. Pullorum, with which it shares a number
of antigenic similarities, in that ¥ pseudotuberculosis is nonmotile at 37°C but motile when
grown in semisolid medium at 20°C. Fermentation of sugars is also different.
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Treatment may be of benefit for at-risk birds within a flock in which disease has been diagnosed.
Such treatment must be administered without delay and therefore preferably via the drinking
water. Wherever possible this should be on the basis of pretreatment sensitivity testing. A number
of antibiotics may be effective, especially the tetracycline group or sulfadiazine/trimethoprim, ini-
tially via drinking water but possibly with follow-up in feed medication where there is a risk of
chronic infection. Prevention depends upon high standards of hygiene and management. Specific
measures should include reducing direct contact with wild birds or rodents and avoiding con-
tamination of feed and environment with faeces from such sources.

Rhoades K R, Rimler R B 1989 Fowl cholera. In: Adlam C, Rutter ] M (eds) Pasteurella and pasteurellosis.
Academic Press, London, p 95-113

Rimler R B, Sandhu T S, Glisson J R 1998 Pasteurellosis, infectious serositis, and pseudotuberculosis. In:
Swayne D E, Glisson J R, Jackwood M W et al (eds) Isolation and identification of avian pathogens, 4th
edn. American Association of Avian Pathologists, Kennett Square, p 17-25
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Infections caused
by species of
Pasteurellaceae,
Ornithobacterium
and Riemerella:
an introduction

At present the family Pasteurellaceae contains 11 genera, which include Pasteurella, Avibacterium
and Guallibacterium. There are 60 named species in the family and numerous taxa that are not
yet named. In addition, the number of genomospecies representing genotypically distinct spe-
cies but without sufficient phenotypic diversity to allow separation and naming, has increased.
The genera Ornithobacterium and Riemerella, which are in the family Flavobacteriaceae, include
only one and two species respectively.

Serious problems are associated with isolation and identification of these organisms because of
difficulty in growing and characterizing them, which often results in weak or false-negative test
results, just as the use of different media and indicators prevents comparison of results. In add-
ition, commercial diagnostic kits may give rise to unreliable results. For the above reasons several
examples of misidentification have been reported and therefore the use of reference strains and
molecular methods is strongly recommended for identification. The key phenotypic characters
used for differentiation of species are shown in Table 9.1.

The epidemiology of most species remains unclear. However, host specificity has been
reported for several species, while others seem to be associated with a broad range of hosts.
Surprisingly, recent observations with species obtained from several different host species seem
to indicate the existence of host-related subclones.
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The genus Pasteurella has been reclassified and at present includes only four named species, of
which only Pasteurella mulrocida is regarded as a major pathogen for birds.

A new genus, Avibacterium, has been proposed for species that are well known to veterinary
bacteriologists as [Haemophilus] paragallinarum, [Pasteurella] gallinarum, [Pasteurella] avium,
[Pasteurella] volantium and the unnamed [Pasteurella] sp. A. While all the species named are rou-
tinely encountered in investigation of upper respiratory tract disease of birds, only Avibacterium
paragallinarum is regarded as a primary pathogen, being the causative agent of infectious coryza,
an economically important disease of chickens.

A new genus, Gallibacterium, which incorporates organisms formerly known as avian Pasteurella
haemolytica, Actinobacillus salpingitidis and Pasteurella anatis has recently been proposed and
includes Gallibacterium anatis and two genomospecies.

Organisms isolated from fowl-cholera-like lesions in turkeys and misclassified as 2 multocida
were subsequently reclassified as Ornithobacterium rhinotracheale, thus underlining the difficul-
ties associated with proper identification of these organisms.

As with species of Pasteurellaceac and O. rhinotracheale, organisms classified with Riemerella
are difficult to grow and characterize because of their specific growth requirements and the
absence of specific phenotypic characters. In addition, lesions are difficult to distinguish from
those associated with Escherichia coli.

Although the above-mentioned groups of bacteria are phylogenetically different, the associ-
ated clinical signs and gross lesions may have common characteristics. For these reasons a safe
and unambiguous diagnosis depends on phenotypic as well as genotypic characterization.

Bisgaard M, Christensen H, Bojesen A M, Christensen J P 2005 Avian infections caused by Pasteurellaceae,
an update. In: 14th World Veterinary Poultry Congress, August 2005, Istanbul, Turkey. Final Program &
Abstract Book, p 110-117
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Fowl cholera

Pasteurella multocida is the causative agent of fowl cholera, a contagious disease affecting domes-
ticated and wild birds. Fowl cholera occurs globally with a wide variety of manifestations
ranging from peracute/acute systemic disease dominated by high mortality to relatively mild,
chronic localized infections. The disease is considered to be of economic significance to most
types of poultry and control of fowl cholera throughout the world depends mainly on appropri-
ate biosecurity and vaccination. Pasteurella multocida subspecies multocida is the most common
cause of disease, but the subspecies septica and gallicida can also cause fowl cholera-like disease.
However, the importance of these subspecies needs to be investigated further.

Cause

P multocida is the causative agent of fowl cholera. The organism is a Gram-negative, nonmo-
tile, non-spore-forming, rod-shaped bacterium. The species P multocida includes the subspecies
multocida, septica and gallicida. Information on the relationships between these subspecies and the
serovars of P multocida obtained by conventional serotyping systems has not been published. For
many years a passive haemagglutination test was used for detection of capsule antigens, whereas
tube agglutination and gel diffusion precipitin tests have been used to detect somatic antigens.
A highly specific multiplex capsular polymerase chain reaction (PCR) assay has subsequently been
developed and five capsular (A, B, D, E and F) and 16 somatic (1-16) serovars of P multocida
are currently recognized. All but serotypes 8 and 13 have been isolated from avian hosts, as
have capsular types A, B, D and E However, subspecies multocida and serovar A appear to be
the most frequently isolated subspecies and serogroup from cases of severe fowl cholera. Several
of the 16 somatic serovars have been demonstrated among serovar A isolates, just as somatic
serotype variation has been shown to occur within serovars B, D and F. Isolates that have multi-
ple somatic antigens are often encountered. Although the somatic antigen combination 1,3 and
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3,4 within serovar A apparently dominate among strains isolated from fowl cholera in England
and the USA, there is no particular serovar or antigen combination that appears to be more or
less virulent than others. It has been demonstrated that different isolates of the common antigen
combination A:3,4 vary greatly in virulence. Virulence properties of the different subspecies for
different avian hosts are also unclear.

Hosts

All types of poultry are probably susceptible to infection with 2 mulrocida. However, major dif-
ferences in susceptibility to the infection have been documented. Among domestic poultry, tur-
keys are one of the most susceptible species, in addition to waterfowl. Chickens are considered
to be relatively resistant to infection, although mortality may be high during outbreaks caused
by some isolates under certain exaggerated conditions (accumulated mortalities up to 60% in
organic layers have been observed in Denmark). Partridges and pheasants are also highly suscep-
tible. Age markedly influences the outcome of the infection in chickens; in particular, birds less
than 16 weeks of age appear fairly resistant. In turkeys this effect is not as pronounced, since
100% mortality may be observed following experimental infection of 3-week-old poults.

Spread

Newer molecular typing methods such as restriction endonuclease analysis (REA), ribotyping,
pulsed field gel electrophoresis (PFGE), PCR typing and amplified fragment length polymorph-
ism (AFLP) have in recent years added significantly to our understanding of the epidemiology
of fowl cholera. These methods have been essential in this context as serotyping in many cases
does not provide sufficiently detailed information because of genotypic variation within sero-
types. However, basic information concerning, for example, the introduction of 2 multocida to
a flock or farm is still scarce.

It has been documented that wild birds carrying isolates of P multocida may represent a
source of infection for domestic poultry. In addition, it is generally accepted that carriers occur
in flocks of domestic poultry previously affected by fowl cholera. Cloacal carriers may also be
present in flocks of chickens and ducks with no previously recognized history of 2 multocida
infection. The significance of this finding for the epidemiology is unclear, as excretions from the
mouth, nose and conjunctiva of diseased birds are generally believed to be the primary source of
contamination of the environment. Rodents may also carry 2 multocida but the role of these as
a reservoir for isolates virulent for poultry has not been thoroughly investigated, although it has
been suggested that dogs, cats and pigs may act as reservoirs for strains of 2 multocida that are
virulent for poultry. However, recent investigations seem to indicate that respiratory tract infec-
tions in different animal species are caused by different genetic subtypes of 2 mulrocida.

Other potential sources of infection include cannibalism of sick or dead birds, and P mul-
tocida is sufficiently resistant to spread via contaminated crates, feed bags, shoes, equipment
and mechanically by insects. It has also been shown that 2 multocida may survive in free-living
amocba in the environment. The infection does not seem to be egg-transmitted.

Although the reservoir of P multocida appears complex and several sources may theoretically
be responsible for introducing the infection to a flock of poultry, the most recent studies indi-
cate that, in layer chickens at least, most fowl cholera outbreaks are caused by only one genetic
subtype (clone). This suggests that only a few introductions actually take place during the pro-
duction period or that once a certain clone has colonized the flock it is difficult for others to
manifest themselves in the same flock. Outbreaks of P multocida infection associated with a
single clone have also been reported in wild birds involving different geographical regions.
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Influencing factors

Many factors have been reported to influence the severity and incidence of fowl cholera includ-
ing environmental factors such as crowding and climate in addition to concurrent infections
and general stress.

Pathogenesis

The main site of infection for P multocida is the respiratory tract. However, isolation of 2 mul-
tocida from cases of salpingitis and peritonitis indicate that other mucosal membranes may serve
as ports of entry. Furthermore, the organism may enter the host through cutaneous wounds.
The ability of P multocida to survive passage through the gastrointestinal tract remains to be
investigated in more detail but, as 2 multocida has been isolated from the cloacae of carrier
birds, some strains may survive passage or may be taken up via cloacal pinocytosis. In addition,
the observation that some strains of P multocida can be virulent and immunogenic following
oral administration (e.g. vaccine strains) suggests that intestinal invasion or some sort of inter-
action with the intestinal mucosa may occur. Following colonization of the upper respiratory
tract pathogenic P multocida strains may subsequently spread to the lungs, followed by inva-
sion, bacteraemia and septicaemia. It has been suggested that some of the differences in host
susceptibility to P multocida infection may be due to differences in the host response expressed
in the lung during the early phase of infection.

Clinical signs

With peracute/acute fowl cholera sudden, unexpected deaths of a large number of birds in a
flock are often observed without any signs (web-footed birds in particular). Mortality often
increases rapidly. In more protracted cases anorexia, ruffled feathers, mucous discharge from the
mouth and nose, diarrhoea, cyanosis and general depression may be seen.

In chronic infections, signs are mainly due to localized infections of joints, abscesses of the
head (cranial bones, infraorbital sinuses, subcutaneous tissue, comb and wattles), oviduct and
the respiratory tract (dyspnoea and rales). Torticollis may be associated with infections of the
cranial bones, middle ear and meninges. Dermal necrosis in turkeys may also be observed. The
chronic infection may follow an acute infection or be caused by infection with an organism of
low virulence.

Lesions

Lesions observed in peracute and acute forms of the disease are dominated by general septi-
caemic lesions, including vascular disturbances in the form of congestion throughout the carcass
accompanied by enlargement of the liver and spleen. Often there are petechial and ecchymotic
haemorrhages at sites such as the subepicardial fat of the heart, in mucous membranes, on the
gizzard and in abdominal fat. In addition, acute oophoritis with hyperaemic follicles may be
seen. Acute lesions develop as a result of disseminated intravascular coagulation. In subacute
cases, pinpoint necrotic areas may be disseminated throughout the liver and spleen.

In chronic forms of fowl cholera suppurative lesions may be widely distributed, often involv-
ing the respiratory tract (in the form of pneumonia), the conjunctiva and adjacent tissues of the
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head. Caseous arthritis and productive inflammation of the peritoneal cavity and the oviduct are
common in chronic infections. Lung lesions are commonly associated with fowl cholera and vary
in nature from haemorrhages in peracute cases to fibrinonecrotic pneumonia and fibrinopuru-
lent pleuritis in more protracted cases. Sequestered necrotic lung lesions in poultry should always
arouse suspicion of cholera, as few microorganisms are capable of inducing such pathology.

A fibrinonecrotic dermatitis including caudal parts of dorsum, the abdomen and breast,
involving cutis, subcutis and the underlying muscle, has been observed in turkeys and broilers.

Although the history, signs and lesions may be helpful in diagnosis, P multocida should be isol-
ated, characterized and identified for confirmation. As stated in the epidemiology section, sub-
sequent molecular characterization is needed for epidemiological studies. Primary isolation can
be accomplished using enriched media such as blood agar. P multocida can be readily isolated

from the viscera of birds dying from peracute/acute fowl cholera whereas isolation from sup-
purative lesions of chronic cholera may be more difficult. At necropsy, bipolar microorganisms
may be demonstrated by the use of Wright's or Giemsa stain of impression smears obtained
from the liver in the case of acute cholera. In addition, in situ hybridization may be used to
identify P multocida in infected tissues and exudates.

Recently a PCR has been developed and used for the detection of P multocida in pure and
mixed cultures and clinical samples. Such methods may be helpful for establishing knowledge
concerning carrier animals within flocks and may also overcome the complexities associated with
the diagnosis of fowl cholera by conventional methods of isolation, identification and capsular
serotyping. However, the specificity and sensitivity of these tests remain to be investigated in
more detail.

The carrier status of a population of animals may also be investigated by the use of mouse
inoculation. Selective media (including an enrichment step) have also been used as an alterna-
tive to mouse inoculation but the method appears to be less sensitive.

Following isolation, classical identification is based on the results of biochemical tests.
However, simple diagnostic keys do not allow a firm diagnosis within the family Pasteurellaceae.
For this reason, extended characterization, including the use of reference strains, is recom-
mended. Further delineation of P multocida into subspecies presently seems of limited value
considering the amount of work and expertise needed for this approach. Serotyping is import-
ant in order to evaluate the relevance of the vaccine strains used in a certain area, but serotyping
is mainly reserved for specialized laboratories.

Detection of antibodies can be achieved by agar diffusion tests and ELISA. Although serology
may be used to evaluate vaccine responses it has very limited value for diagnostic purposes.

It should be emphasized that several bacterial infections may be confused with fowl cholera
based solely on the gross lesions. Thus Escherichia coli, Salmonella enterica, Ornithobacterium
rhinotracheale, Gram-positive cocci and Erysipelothrix rhusiopathiae (erysipelas) may all produce
lesions that are difficult to distinguish from those caused by P multocida.

A number of drugs will lower the mortality from fowl cholera but mortality may resume when
treatment is discontinued, showing that treatment will not eliminate 2 multocida from a flock.
The drugs used to control cholera via food or water application include various sulpha drugs,
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semisynthetic penicillins, tetracyclines and erythromycin. In ducks it has been reported that
a good effect may be achieved by the combined use of streptomycin and dihydrostreptomy-
cin given by injection. More recently, the fluoroquinolone norfloxacin has been shown to be
effective against fowl cholera in chickens and turkeys when administered via drinking water; it
lowered mortality significantly during experimental infections without recognized side effects.
Whenever medication is considered, sensitivity testing of the causative agent should be per-
formed and it should be remembered that resistance to treatment may develop and cause ser-
ious future problems.

The use of vaccination during an outbreak may also improve the situation. However, in order
to eradicate infection from premises the only rational approach is depopulation, cleaning and
disinfection of buildings and equipment. Subsequently, the premises should be kept free of
poultry for a few weeks.

In order to avoid infection of a flock, the focus should be on the application of appropriate
biosecurity measures. Contact with the avifauna, rodents and pet animals should be avoided as
they have all been shown to represent a potential risk of introducing R multocida to the flock.
In addition, proper handling of carcasses should be employed, as asymptomatic carriers may
be present in flocks. Only young birds should be introduced as new stock and the birds should
originate from flocks with a high level of biosecurity and preferably those that follow all-in/
all-out principles in a confined environment.

Extensive production systems in many parts of the world may have problems in achieving an
appropriate level of hygiene and biosecurity, in which case vaccination against fowl cholera should
be considered. This includes free-range poultry production in the industrialized world, a produc-
tion system that has become increasingly popular because of animal welfare concerns. Vaccines
used against fowl cholera include inactivated bacterins and live attenuated vaccines. Bacterins
are widely used but must be injected and only induce immunity to homologous serotypes.
Autogenous vaccines of inactivated organisms may be helpful under certain circumstances. In
contrast, live vaccines have been reported to confer immunity against heterologous serotypes but
may revert to virulence as all the live vaccines currently in use are undefined attenuated strains.
The principal live strains currently used, primarily in North America, are the Clemson University
strain, which is a naturally occurring organism of low virulence, and its derivative the M-9 strain,
both of which are of serotype A:3, 4. Both strains have been implicated in outbreaks of fowl chol-
era and, as a consequence, attempts have been made to further modify them. Live vaccines are
normally given as wing web inoculations to chickens and via drinking water to turkeys.

LEGAL REQUIREMENTS/ZOONOTIC ASPECTS

The disease is notifiable in many countries because of its often virulent and highly contagious
nature.

Disease in humans caused by P multocida is not uncommon, and P multocida may be con-
sidered a zoonotic organism. This is substantiated by the observation that the disease occurs mainly
among farmers. However, there are no reports of direct transmission from poultry to humans or
vice versa but the possibility for such infections cannot be excluded.

Blackall P J, Mifflin ] K 2000 Identification and typing of Pasteurella multocida: a review. Avian Pathol 29:
271-287
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Infectious coryza (also known as fowl coryza) is a disease caused by the bacterium Avibacterium
paragallinarum (once known as Haemophilus paragallinarum). The genus Avibacterium also
contains the species Avibacterium gallinarum (once known as Pasteurella gallinarum). There are
reports of both acute and chronic disease conditions (fowl-cholera-like in nature) in chickens
and turkeys that have been associated with Av. gallinarum.

AVIBACTERIUM PARAGALLINARUM
INFECTION - INFECTIOUS CORYZA

Infectious coryza is highly contagious and presents typically as an acute disease of the upper
respiratory tract of chickens. A chronic respiratory disease can develop when complicated by other
pathogens. The disease occurs worldwide and causes economic losses due to an increased culling
rate in meat chickens and significant reduction of egg production in laying and breeding fowl. The
disease is limited to chickens and has no public health significance.

Cause

There has been considerable confusion over the name that should be applied to the bacterium
that causes infectious coryza. In the years from the 1930s to the 1960s, the agent was known as
Haemophilus gallinarum, an organism that required both X (haemin) and V (nicotinamide adenine
dinucleotide; NAD) factors for growth in vitro. From the 1960s to the 1980s, all isolates of the
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disease-producing agent were found to require only V factor and were termed Haemophilus para-
gallinarum. V-factor-independent H. paragallinarum isolates have now been reported in both the
Republic of South Africa and Mexico. An extensive taxonomic study has concluded that the spe-
cies H. paragallinarum is not a member of the genus Haemophilus and is best assigned to a new
genus, Avibacterium, along with several other chicken-associated members of the bacterial family
Pasteurellaceae. These other members are Av. gallinarum, Av. avium and Av. volantium (all previously
in the genus Pasteurella). Hence, the causal agent of infectious coryza is now called Avibacterium
paragallinarum, an organism that can be either V-factor-dependent or V-factor-independent.

Av. paragallinarum is a Gram-negative, nonmotile, non-spore-forming and capsulated rod-
shaped bacterium (0.3-0.6 X 1-3pm) with a tendency to morphological degeneration after an
incubation period of more than 24 h.

Complex media, microaerophilic conditions and high humidity are used to obtain dense growth
on solid media. Chicken serum (1%) is required for the growth of some strains. Most strains
require the presence of added V factor for growth in artificial media. Av. paragallinarum is organo-
trophic, mesophilic and facultatively anaerobic with pronounced microaerophilia. The main dis-
tinguishing properties of the bacterium are an ability to reduce nitrate to nitrite and to ferment
D-glucose without formation of gas, the presence of phosphatase and phosphoamidase, and the
inability to grow on MacConkey’s agar. The organism does not produce indole, a-glucosidase,
B-galactosidase, 3-glucosaminidase, o-fucosidase, ornithine decarboxylase or arginine dihydrolase
and does not hydrolyse urea, gelatin or aesculin. Acid is always produced from p-fructose and
D-mannose, and in more than 90% of the strains also from mannitol, maltose and saccharose,
whereas the reactions in D-sorbitol, b-xylose and dextrin are variable. Acid is not produced from
arabinose, D-lactose, D-galactose, trehalose, L-sorbose, salicin, dulcitol, adonitol and mesoinositol.

Two different serotyping schemes, the Page and the Kume schemes, have been mainly used. The
current nomenclature of the Kume scheme emphasizes the close immunological linkage between
the well-established Page serovars A, B and C and the Kume serogroups A, B and C. Essentially,
the Kume scheme recognizes subdivisions within Page serovars A and C. Thus, the nine currently
recognized Kume serovars are termed A-1, A-2, A-3, A-4, B-1, C-1, C-2, C-3 and C+4.

Variation from very low to high virulence occurs. Littde is known about virulence factors,
although there is evidence that the presence of the capsule and specific haemagglutination antigens
are necessary for the pathogenicity of Av. paragallinarum. The organism is a delicate bacterium,
which dies quickly outside the host tissues. Survival outside the body under farm conditions is
probably no more than 48h at 18-24°C. Many drugs are known to have a more bacteriostatic
than bactericidal effect on the organism.

Host

The disease is limited to chickens. There are reports of the organism being cultured from pheasants,
Japanese quails and guinea fowls but these reports are not supported by detailed phenotypic or
genotypic studies and should be regarded with caution. Chickens of all ages are susceptible but
older birds tend to react more severely. While most literature reports on the disease in intensive
production systems, there are also reports of the disease in village-type production systems.

Spread

The main source of infection is clinically affected and carrier birds, especially from replacement
stock. As only a few viable organisms are necessary for the infection, it can be transmitted by drink-
ing water contaminated by nasal discharge as well as by airborne means over a short distance.
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Lateral transmission occurs readily by direct contact. Spread between batteries with nipple
drinkers occurs more slowly.

Influencing factors

Factors that predispose to more severe and prolonged disease (chronic respiratory disease)
include intercurrent infections with microorganisms such as infectious bronchitis virus, laryn-
gotracheitis virus, Mycoplasma gallisepticum, Escherichia coli or Pasteurella spp. and unfavourable
environmental conditions. The involvement of these additional pathogens may explain why Av.
paragallinarum has been isolated from sites such as the hock in chickens in Argentina. As noted
above, the age of the birds involved in an outbreak can be an important factor.

DISEASE

Pathogenesis

Adherence of the organism to the ciliated mucosa of the upper respiratory tract seems to be the
first step of the infection. The capsule and the haemagglutination antigen play an important
role in the colonization. Toxic substances released from the organism during proliferation are
associated with production of lesions in the mucosa and appearance of the clinical signs. The
capsule may act as a natural defence substance against the bactericidal power of complement
through the alternative pathway.

Av. paragallinarum is a noninvasive bacterial agent with a strong tropism for ciliated cells and
migrates into the lower respiratory tract (lungs, air sac) only after synergistic interaction with
other infectious agents and/or if encouraged by immunosuppression.

Clinical signs

The disease in flocks on floor management is characterized by rapid spread, high morbidity and
low mortality. The period of incubation is 1-3 days after contact infection and all susceptible
birds in the flock will show signs within 7-10 days. If not complicated by other infections, the
course of the disease is not more than about 10 days in the mild form and approximately 3 weeks
in the more severe form. The first typical signs include seromucoid nasal and ocular discharge
and facial oedema. In severe cases marked conjunctivitis with closed eyes, swollen wattles (wat-
tle disease) and difficulty in breathing can been seen. Feed and water consumption is usually
decreased resulting in a drop in egg production (10-40%) or an increase in the rate of culls.
The disease can have a much greater impact than the relatively simple scenario described above.
As an example, a recent outbreak of the disease in older layer birds in California, which was not
associated with any other pathogen, caused a total mortality of 48% and a drop in egg produc-
tion from 75% to 15.7% over a 3-week period.

If complicated with other infectious agents a more severe and prolonged disease may develop,
with the clinical picture of a chronic respiratory disease. Swollen-head-like syndrome associated
with Av. paragallinarum has been reported in the absence of Avian pneumovirus but in the pres-
ence of other pathogens such as virulent E. coli.

Lesions

Affected chickens have catarrhal to fibrinopurulent inflammation of the nasal passages and
infraorbital sinus and conjunctivae. Subcutaneous oedema of the face and wattles is prominent.
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The upper trachea may be involved but the lungs and air sacs are only affected in chronic com-
plicated cases.

Histopathologically, marked loss of cilia and microvilli, cell oedema, degeneration and de-
squamation of mucosal and glandular epithelium, infiltration of leukocytes and deposition of
mucopurulent substances can be seen and are followed by infiltration of mast cells into the lam-
ina propria of the mucous membrane.

The history of a rapidly spreading disease and its clinical signs and lesions may allow a tentative
diagnosis, which has to be confirmed by cultural isolation and identification of the causal agent.
Culture should be attempted by swabbing from the infraorbital sinus of two to three acutely dis-
eased chickens on to blood agar plates cross-streaked with a feeder organism such as Staphylococcus
epidermidis. Fresh nasal exudate, expressed by pressing on the sinus, can also be sampled provided
that care is taken in the sampling. The sampling is best done with a small sterile loop that just
touches the surface of the fresh exudate and is then directly inoculated on to a blood agar plate
and cross-streaked as described above. Swabs from the trachea and air sac may be taken, although
Av. paragallinarum is less frequently isolated from these areas. After incubation for 24-48h at
37°C in a candle jar or in an atmosphere of 5% CO,, tiny translucent colonies of 0.3—1 mm in
diameter appear on the culture plates adjacent to the feeder culture. The isolated organism can
be identified by phenotypic tests (see Table 9.1) or by confirmatory polymerase chain reaction
(PCR). The PCR can also be applied directly to nasal exudate. Another efficient diagnostic pro-
cedure is to inoculate exudate or culture suspensions into the sinuses of two or three susceptible
chickens. If the organism is present in the inoculum clinical signs appear in 1-3 days.

A number of serological tests are used for the examination of sera for specific antibodies
against Av. paragallinarum, including especially agglutination, haemagglutination inhibition and
fluorescent antibody tests as well as a monoclonal antibody-based blocking enzyme-linked
immunosorbent assay (ELISA).

Improved management measures such as depopulation, good sanitation, good biosecurity and
avoidance of multiage farms may help to break the disease cycle. To eliminate the agent from
a farm it is necessary to depopulate the infected or recovered flock because such birds remain a
reservoir of the bacterial agent. After cleaning, disinfection and resting of the building for
at least 1 week, new birds may be introduced. Only chickens that are known to be free from
Av. paragallinarum should be used for the restocking. This may be impracticable on multiage
farms.

Because of the difficulty of control by biosecurity and management, drug therapy and/or
vaccination are used. Various sulphonamides and antibiotics are useful in alleviating the worst
effects of the disease. After 5-7 days of treatment, the clinical signs very often disappear com-
pletely but relapse may occur after the treatment is discontinued. The reason for this is not the
inefficiency of the drug itself but rather the fact that it is not capable of eliminating the agent
in all birds of a large population as well as from the environment. The clinical signs do not dis-
appear completely until a specific immunity has developed in most of the affected birds of the
flock. Recovery of egg production takes longer than the recovery from clinical signs.
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Vaccination using inactivated whole cells containing an adjuvant can protect chickens against
the disease. Such a vaccine provides serogroup-specific immunity but no protection across sero-
groups; i.e. a vaccine containing Page serovar A (Kume serogroup A) will not protect against Page
serovar C (Kume serogroup C). There is evidence that cross-protection within Page serovars B
and C (equivalent to Kume serogroups B and C) may be limited, possibly requiring the use of
more than one strain in the vaccine for these serogroups. If a commercial bacterin is unable to
induce a protective immunity, an autogenous bacterin should be used. Appropriate vaccination is
economically worthwhile, since it usually protects against the more severe falls in egg production.
Two doses of vaccine, each of which must consist of at least 108 colony-forming units, are advo-
cated, given subcutaneously 3—6 weeks apart. The timing of the vaccination doses is normally
such thar the first is given at about 12-16 weeks of age. The typical local epidemiology should be
considered when creating a vaccination programme for a particular farm or operation. Controlled
exposure is still practised in some endemic areas following vaccination with a bacterin.

AVIBACTERIUM GALLINARUM INFECTION

The traditional view is that Av. gallinarum is an opportunistic pathogen of chickens. Disease
outbreaks are often thought to be associated with other viral and mycoplasmal agents. However,
a close reading of the literature does indicate that this bacterium can play a significant role in
infection. To date, infections associated with Av. gallinarum have been reported in chickens,
turkeys and guinea fowl. However, only chicken and turkey isolates have been confirmed as
Av. gallinarum by both phenotypic and genotypic methods. The lesions reported for the infections
associated with Av. gallinarum are as diverse as those reported for Pasteurella multocida and include
conjunctivitis, abscesses in the head and wattles, sinusitis, tracheitis, air sacculitis, hepatitis,
endocarditis, salpingitis, oophoritis, peritonitis and synovitis. Severe mortality in a combined
infection with Mycoplasma synoviae in broiler chickens has been reported. Careful evaluation
of the potential role of Av. gallinarum is required and the organism should certainly not be dis-
missed as simply nonpathogenic. The identification of Av. gallinarum can be achieved using the
tests shown in Table 9.1. A common characteristic of Av. gallinarum is improved growth in the
presence of 5% carbon dioxide.

Bisgaard M, Christensen H, Behr K-P et al 2005 Investigations on the clonality of strains of Pasteurella
gallinarum isolated from turkeys in Germany. Avian Pathol 34: 106-110

Blackall P J 1995 Vaccines against infectious coryza. World’s Poult Sci J 51: 17-26

Blackall P J, Christensen H, Beckenham T et al 2005 Reclassification of Pasteurella gallinarum,
[Haemophilus] paragallinarum, Pasteurella avium and Pasteurella volantium as Avibacterium gallinarum
gen. nov., comb. nov., Avibacterium paragallinarum comb. nov., Avibacterium avium comb. nov. and
Avibacterium volantium comb. nov. Int ] Syst Evol Microbiol 55: 353-362

Chen X, Chen Q, Zhang P et al 1998 Evaluation of a PCR test for the detection of Haemaphilus paragalli-
narum in China. Avian Pathol 27: 296-300

Shivaprasad H L, Droual R 2002 Pathology of an atypical strain of Pasteurella gallinarum infection in
chickens. Avian Pathol 31: 399-406
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Gallibacterium
infections and
other avian
Pasteurellaceae

Gallibacterium anatis is a common organism of the upper respiratory and lower genital tract of
poultry. The bacterium has been reported worldwide from a broad host range among farmed
and wild birds. The bacterium has no public health significance. It is potentially pathogenic
for poultry and is mainly associated with lesions in the reproductive tract, including the ovary.
Disease associated this microorganism is related to lowered egg production and occasionally an
increase in mortality.

Cause

Gallibacterium was previously reported as avian Pasteurella haemolytica, Actinobacillus salpingi-
tidis or Pasteurella anatis but was recently established as an independent genus within the family
Pasteurellaceae Pohl 1981. The genus contains one named species, G. anatis, and two genomo-
species, 1 and 2. As the name implies, a genomospecies is a species defined by genotypic methods
only. G. anatis contains two phenotypically distinct biovars, one which is haemolytic, biovar
haemolytica, and one which is non-haemolytic, biovar anatis.

Isolates of G. anatis biovar anatis have been associated with lesions in the respiratory tract of
ducks and geese but have not resulted in losses of economic importance and will not be dis-
cussed further.
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Gallibacterium anatis is a Gram-negative, non-motile bacterium, which forms rod-shaped or
pleomorphic cells occurring singly and in pairs. G. anatis forms greyish, smooth semitransparent
colonies, butyrous in consistency, shiny and circular, slightly raised with an entire margin and a
size of 1-2mm in diameter after 24 h incubation at 37°C. In addition, haemolytic strains produce
awide 3-haemolytic zone (1-2 mm). Twenty-four biovars based on differences in fermentation pat-
terns of (+)-L-arabinose, (+)-D-xylose, m-inositol, (—)-p-sorbitol, maltose, trehalose and dextrin
have been reported. Recent work has shown that V-factor-requiring strains exist within several
species of the family Pasteurellaceae. However, although some isolates of biovar haemolytica are
difficult to culture V-factor requirement has not yet been demonstrated for G. anatis.

Hosts and spread

G. anatis has been reported from many countries in Europe, Africa and Asia, and in Australia
and American states, underlining its widespread occurrence. Although chickens have been sug-
gested as the main host for haemolytic isolates Gallibacterium organisms do seem to have a wide
host spectrum that also includes turkeys, geese, ducks, pheasants, partridges and various cage
bird species in addition to wild birds.

The occurrence of haemolytic strains of G. anatis in commercial flocks has been investigated
recently and it has been shown that these organisms are very common inhabitants of the upper
respiratory and lower genital tract of healthy chickens. Furthermore the occurrence of G. anatis
appeared to be highly influenced by farm biosecurity level such that only flocks kept under very
high levels of biosecurity were likely to be free of G. anatis. In addition, once the microorganisms
were present in a flock, nearly all individuals in the flock were infected.

Bird-to-bird transmission is considered to be the main mode of infection. Evidence for vertical
transmission has not been shown so far.

Clinical signs and lesions

There is accumulated evidence of haemolytic isolates of G. anatis being able to act as a primary
disease-causing agent. However, other factors possibly contribute to the clinical and pathologi-
cal manifestations. The clinical signs are unspecific but will usually include depression, diarrhoea
and pasting around the vent and reduced egg production around peak of lay. The lesions typic-
ally involve the reproductive tract and the ovary, exhibiting purulent salpingitis and oophoritis.
Chronic cases tend to include local or generalized purulent peritonitis, often with simultaneous
growth of Escherichia coli. Sudden mortality associated with acute septicaemia has occasionally
been recorded from table-egg-producing flocks in good body condition from which G. anatis
has been isolated in pure culture from various organs.

Clinical signs and pathological lesions have been reproduced experimentally in specific-
pathogen-free birds as well as in conventional layers. The outcome of such infections varies
and seems to depend strongly on the strain, the route of inoculation and secondary factors,
including immune suppression. In addition, at onset, peak and late in the production period
chickens appear more susceptible to infection. G. anatis seems to have different virulence factors
influencing its pathogenicity. Recently, whole genome sequencing has revealed possession of a
capsule locus, and the haemolytic phenotype appears to be encoded by a RTX-like toxin also
known in other members of the family Pasteurellaceae. The direct role of these putative viru-
lence factors in the pathogenesis remains to be demonstrated.
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Signs and lesions cannot be used to distinguish infection by G. anatis from other bacterial infec-
tions affecting the salpinx, ovary and abdominal cavity. Furthermore, the fact that most birds
carry haemolytic G. anatis as a part of their resident flora in the upper respiratory and lower
genital tract makes careful identification and characterization crucial. The diagnosis should be
confirmed by isolation and identification of the causal agent. This should be attempted by cul-
ture from the affected organs and, in the case of systemic disease, the liver and spleen. G. anatis
grows readily on enriched media and in the case of the 3-haemolytic biovar with a characteristic
haemolysis zone following 24 h of incubation. Identification based on morphology and biochem-
ical tests will give a good indication but this should be combined with one or more genotypic
procedures. Recent work has demonstrated that a specific polymerase chain reaction (PCR) test,
based on the internal transcribed spacer (ITS) separating the 16S and 23S rRNA genes, can be
used as a confirmatory test following cultural isolation of G. anatis or directly on material from
the affected bird. Another culture independent technique, fluorescence in situ hybridization
(FISH) using a Gallibacterium-specific probe, similarly allows specific detection of the bacteria.
Tools to determine genetic diversity have also been developed and include amplified fragment
length polymorphism and pulsed field gel electrophoresis.

Currently, two serological tests based on latex agglutination and enzyme-linked immunosorb-
ent assay (ELISA) are being developed and used for the examination of sera for specific anti-
bodies against G. anatis. The number and prevalence of serotypes within G. anatis remains to be
investigated in detail, in addition to cross-reactivity and cross-protection of serotypes.

The success of treating Gallibacterium infections with antibiotics depends highly on the prac-
tices used in the individual flocks. The level of acquired resistance in G. anatis seems limited
under conditions of limited exposure to antibiotics, enabling the use of narrow-spectrum anti-
biotics, however, it is also evident that G. anatis readily acquires resistance. This has been dem-
onstrated in a number of strains recovered from outbreaks in Mexican poultry flocks where the
majority of the isolates were multiresistant to a broad range of antibiotics including penicillins,
trimethoprim—sulfamethoxazole and fluoroquinolones. The antimicrobial sensitivity pattern
should therefore always be established in relation to treatment.

Currently a commercial vaccine is available based on three of the more prevalent biovars,
however, protection under field conditions remains to be investigated in further detail.

INFECTIONS CAUSED BY BACTERIA CLASSIFIED WITH THE
TAXON 2 AND 3 COMPLEX OF PASTEURELLACEAE

Organisms classified with this complex represent a new genus-like structure containing several
new species, most of which seem to be associated with specific hosts. In commercial poultry
production these organisms are mainly associated with increased mortality due to salpingitis,
oophoritis and peritonitis in ducks and geese. Although healthy carriers have been demon-
strated, investigations of disease outbreaks have not allowed demonstration of other infectious
agents or management faults.
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Because the symptoms and lesions are similar to those associated with infections caused by
E. coli and P multocida in adult webfooted birds an unambiguous diagnosis depends on iso-
lation and detailed characterization of the organisms, including the use of genotypic methods.

Principles used for treatment and prophylaxis of other species of Pasteurellaceae are also valid
for infections caused by the taxon 2 and 3 complex.

Bisgaard M 1993 Ecology and significance of Pasteurellaceae in animals. Zentralbl Bakteriol 279: 7-26
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Ornithobacterium
rhinotracheale

Ornithobacterium rhinotracheale is a relatively new bacterium associated with poultry diseases
worldwide. The characteristic features of O. rhinotracheale infection include relatively mild
respiratory signs in young broiler birds, which start with sneezing, a slightly increased mortality
and poor performance. Lesions include air sacculitis and some pneumonia, which can lead
to high condemnation (up to 50%) at slaughter. The infection can also cause sudden death
in young birds, in the absence of respiratory signs, due to infection of the brain and skull.
In older birds, for example turkeys of 12 weeks or more, O. rhinotracheale can cause acute
pneumonia with high mortality, while another form of disease in older turkeys and chickens
can cause lameness. Infection of layer and breeder birds can affect egg production and egg qual-
ity. The presence of O. rhinotracheale in commercial poultry and in wild birds has been shown
to be worldwide, providing a broad potential reservoir. Maternally derived antibodies against
O. rhinotracheale can be detected in eggs and day-old birds all over the world. Several surveys
have shown that the majority of chicken and turkey flocks in Europe, Africa, North and South
America and some Asian countries have been in contact with O. rhinotracheale. Up to now,
O. rhinotracheale has not been found to be of public health significance.

Investigation of the epidemiology of O. rhinotracheale is hampered by the difficulties in culturing
from infected organs, the transience of the serological responses after infection and the complex-
ity of the infections in which O. rhinotracheale can be involved. Moreover, most of the infections
caused by O. rhinotracheale are not recognized as such, either because the causative agent cannot
be isolated or because investigators are unaware of the possibility of O. rhinotracheale as a cause of
infections other than the respiratory ones. Lately it has been shown that O. rhinotracheale infec-
tions are often overlooked or misinterpreted in the field and can sometimes only be recognized
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with the use of specific immunohistological techniques and/or polymerase chain reaction
(PCR). Thus the details of the ecology of the infection and the importance of carriers in the
epidemiology have yet to be evaluated.

Cause

O. rhinotracheale is a slow-growing, pleomorphic, Gram-negative, rod-shaped bacterium of the
rRNA superfamily V. Initially, the bacterium was designated a Pasteurella-like, Kingella-like or
pleomorphic Gram-negative rod (PGNR) and the name Taxon 28 was also used before 1994,
when the name Ornithobacterium rhinotracheale gen. nov., sp. nov. was proposed for this species.

Optimal growth of O. rhinotracheale is obtained by incubation on 5-10% sheep blood agar for
at least 48 h under microaerophilic conditions (5-10% CO,) at 37°C. Under these conditions
O. rhinotracheale develops small, circular, grey to grey-white colonies. The colonies sometimes have
a reddish glow and always give off a distinct odour, similar to that of butyric acid. Because of their
slow growth, O. rhinotracheale colonies can easily be overgrown and masked by faster-growing
bacteria such as Escherichia coli, making isolation difficult. To reduce this problem, samples can be
inoculated on sheep blood agar containing 5pug/mL of gentamicin and polymyxin, because most
O. rhinotracheale strains are resistant to both these antibiotics. On primary isolation, the colonies
of most O. rhinotracheale cultures show great differences in size (1-3 mm after 48h incubation)
but when subcultured, the colony size becomes more uniform. In liquid media, O. rhinotracheale
is pleomorphic, the thin (0.2-0.6pm) cells being very variable in length (0.6-5pm). Clusters are
often formed that can contain up to thousands of cells but can be readily disrupted.

Biochemical test results can be very inconsistent because of the varied ability of O. rhinotracheale
strains to grow in the liquid media that are normally used for identification. However, under opti-
mal conditions the biochemical properties of O. rhinotracheale are fairly consistent: positive for
oxidase, urease, 3-galactosidase, arginine dihydrolase, a-glucosidase and acid production (without
gas) from fructose, glucose, lactose and galactose and negative for catalase, gelatinase, indole
production, nitrate reduction, motility, growth on MacConkey agar and acid production from
fructose, maltose, ribose and sucrose.

For serological and biochemical identification of O. rhinotracheale, a combination of the agar
gel precipitation test (AGP) with the API-20NE identification strip (bioMérieux, France) has
been found to be useful, although the biochemical results may be different from those found
when tests are performed under optimal conditions. A characteristic of O. rhinotracheale is that,
when tested in the API-20NE strip at the recommended temperature of 30°C, the p-nitrophenyl-
(-D-galactopyranoside test (for the presence of 3-galactosidase) will become positive within 2-3 h.
Test cultures showing the API 20NE result codes of 0/1-0/2-2-0-0-0-4 should be suspected as
positive for O. rhinotracheale and should be tested by the AGP test and/or by PCR.

Using boiled extract antigens (BEAs) and monovalent antisera in the AGP test, 18 differ-
ent serotypes of O. rhinotracheale can be distinguished (serotypes A-R). By using BEAs in an
enzyme linked immunosorbent assay (ELISA), O. rhinotracheale can not only be serotyped but
can also be distinguished from other relevant Gram-negative rods that are potentially patho-
genic for fowl and it can be differentiated from other bacterial species with which it might be
confused. Cross-reactions within the species O. rhinotracheale are encountered in the ELISA,
mainly between the serotypes A, B, D, E, I and O.

Hosts

O. rhinotracheale has been isolated from chicken, chukar partridge, duck, goose, guinea fowl,
gull, ostrich, partridge, pheasant, pigeon, quail, rook and turkey.

165 NN



I 166

2 | BACTERIAL DISEASES

Spread

Transmission of O. rhinotracheale is possible both horizontally through aerosols and vertically
through the egg and, because eggs are sent all over the world, this makes it easier to understand
the relatively rapid worldwide spread of O. rhinotracheale infections in commercial poultry dur-
ing recent decades.

Relationships are seen between the geographical origin of the O. rhinotracheale isolates and
their serotype. From the 18 serotypes, serotype A is predominant among the chicken isolates
(97%) and is also the most frequent isolate (61%) from turkeys, the isolates from which are
more heterogeneous (Table 13.1). There is no explanation as yet for these differences in dis-
tribution but it has been shown that serotype A and C strains from chickens and serotype B,
D and E strains from turkeys have a similar virulence for both chickens and turkeys, so there
is no indication of any host specificity of the serotypes. A possible explanation could relate to
different breeding practices in the chicken and turkey industries. In turkeys serotype A is almost
always found at a young age while the other serotypes are mainly isolated in turkeys older than
8 weeks. These findings and the fact that the age of broiler chickens is normally restricted to
8 weeks may indicate a type of age-dependency for the occurrence of O. rhinotracheale.

The high similarity of biochemical reactions, pathogenicity, total-protein profiles, outer-
membrane-protein profiles and 16S rRNA sequences among O. rhinotracheale strains from all
over the world indicates a close relationship. However, genetic studies using the random ampli-
fied polymorphic DNA method or the amplified fragment length polymorphism method suggest
that the genus Ornithobacterium should be subdivided into more species. Thus it is clear that
more studies of the epidemiology and pathogenicity of O. rhinotracheale are needed to obtain
final answers to the remaining questions about emerging O. rhinotracheale infections in poultry.

Influencing factors

Early experiments showed that the clinical disease could be induced by aerosol administration
of O. rhinotracheale but only as a secondary infection after the administration of viral primers
such as Tirkey rhinotracheitis virus (TRTV), Newcastle disease virus (NDV) or infectious bron-
chitis virus. However, it has been demonstrated that aerosol or intravenous application of some
strains of O. rhinotracheale can induce respiratory signs without priming. Nevertheless it is clear
that some viruses have a strong aggravating effect on O. rhinotracheale infections and that bacteria
such as E. coli, Bordetella avium or Chlamydophila psittaci can also trigger O. rhinotracheale to
cause overt signs of disease. In fact, as with other respiratory infections in poultry, the outcome of
O. rhinotracheale infection is influenced by a complex of factors such as stress, inadequate ventila-
tion, poor hygiene, high ammonia levels and the type of secondary infection.

Clinical signs

The first signs in young broilers are sneezing and a slightly increased mortality and poor perform-
ance. O. rhinotracheale also can cause sudden death (up to 20% in a couple of days) in young
birds through infections of the brains and skull, featuring totally weakened skull bones. This
manifestation of O. rhinotracheale infection can be seen with or without the above-mentioned
respiratory signs but is often not even noticed when mortality rates are low, since brains and
skulls are not normally examined.
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Fig. 13.1 Characteristic Ornithobacterium rhinotra-
cheale infection in a broiler chicken featuring foamy,
‘yoghurt like" exudate with clots of fibrin (arrows) in the
abdominal air sacs.

Fig. 13.2 Pneumonic lung from a broiler chicken
infected with O. rhinotracheale, typically showing that
only parts are affected.

Young turkeys appear less affected but when older birds are involved the economic losses
due to O. rhinotracheale can be considerable. In turkeys of 12 weeks of age or more O. rhinotracheale
can cause acute pneumonia, with mortality rates of up to 50%. Other signs of O. rhinotracheale
infection in older turkeys and chickens can be lameness and paralysis due to arthritis, osteitis
and osteomyelitis.

An O. rhinotracheale infection in layer and breeder birds leads to slightly increased mortality,
a drop in egg production and a decrease in egg quality.

Lesions

At slaughter or post-mortem examination, young broilers with respiratory disease reveal foamy,
white, ‘yoghurt-like” exudate with clots of fibrin that can be seen in the (predominantly abdominal)
air sacs (Fig. 13.1). This airsacculitis is commonly accompanied by unilateral pneumonia, typically
showing only parts of the lung to be affected (Fig. 13.2). The lesions can lead to condemnation
rates of up to 50% or more at slaughter of an affected flock.

Affected turkeys may show oedema in the lungs with fibrinous exudate on the pleura. When
the turkeys are older the oedema can be markedly haemorrhagic.

In older turkeys and chickens with lameness and paralysis there is commonly a purulent,
slimy exudate in the joints of the lame birds. Similar exudate can be found in young birds with
brain and skull infections, with abundant exudate between the brain and the cranium and in
the vacuoles of the bone structure, which normally only contain air.

DIAGNOSIS

The clinical signs and post-mortem lesions of the different manifestations of O. rhinotracheale
infection are not sufficiently specific to be diagnostic and the respiratory signs can easily be
confused with those caused by viral infections or by infections of E. coli, Riemerella anatipestifer
and/or Avibacterium paragallinarum (formerly Haemophilus paragallinarum). Joint and brain
infection caused by O. rhinotracheale can result in signs similar to those caused by other bacteria
(e.g. E. coli, Av. paragallinarum, Staphylococcus aureus or Streptococcus faecalis).
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Other factors also interfere with the diagnosis of O. rhinotracheale infections. For example,
O. rhinotracheale can normally only be isolated at an early stage of the infection and attempts
to recover it at a later stage will often fail. Another problem is that, after an O. rhinotracheale
infection, several potential pathogenic bacteria can induce secondary infections. These bacteria
will grow more readily than O. rhinotracheale, so they are often erroneously designated as the
causal agent of the infection. In a field study, using a sensitive immunohistochemical staining
technique for confirmation, it was found that O. rhinotracheale was the cause of 70% of cases
with respiratory signs in broiler chickens, while through bacteriology and/or serology only 30%
of the cases could be related to O. rhinotracheale.

Antibodies can be detected by an ELISA shortly after the start of a field infection and titres
will peak between 1 and 4 weeks post-infection but, because titres then decline rapidly, serum
samples for flock screening should be taken at frequent intervals. The serotype specificity of the
ELISA is a disadvantage but commercial ELISAs are available with which most serotypes can be
detected. A rapid serum agglutination (RSA) test has also been used for diagnostic purposes but
it has several disadvantages, including the regular occurrence of strains that autoagglutinate and
the fact that the test has a type of serotype-specificity that is not related to the AGP serotyping.
Furthermore, closely related bacteria can cross-react in the RSA test.

Recently a commercial PCR test has been developed to identify O. rhinotracheale. The PCR
amplifies a 784bp fragment of the 16S rRNA gene of O. rhinotracheale and flocks can be
screened by taking tracheal swabs. However, the presence of O. rhinotracheale does not always
mean that infections seen are caused by this bacterium, since birds can be carriers without show-
ing disease. The proof that a particular disease condition is caused by O. rhinotracheale is best

accomplished by immunohistochemical staining, demonstrating that the bacterium is present in
the infected tissue.

Treatment of O. rhinotracheale infections with antibiotics is very difficult because of the variable
sensitivity of the strains. It has been shown that O. rhinotracheale easily acquires resistance to
antibiotics such as doxycycline, enrofloxacin, flumequine, lincomycin, trimethoprim/sulphona-
mide and tylosin. The sensitivity pattern depends on the source of the strain and on the routine
use of antibiotics in the poultry from which it is isolated. Successful antibiotic treatments of
O. rhinotracheale infections through water medication were reported with chlortetracycline and/
or amoxicillin. Injections of tetracyclines and/or penicillins were found to be effective in some
cases. However, it should be emphasized that for successful treatment the sensitivity pattern of
each isolate needs first to be established.

O. rhinotracheale bacteria can cycle and recycle from farm to farm and from house to house.
The infections appear to become endemic and can affect newly introduced stock, especially in
multiple-age farms and in areas of intensive poultry production. Therefore it is important to
clean and disinfect houses thoroughly between flocks. Disinfectants that are based on different
organic acids such as formic and glyoxylic acids and those that contain aldehydes were found to
readily inactivate O. rhinotracheale in vitro.

Vaccination of meat turkeys with autogenous bacterins successfully reduced the number
of outbreaks of O. rhinotracheale infections in the field. A problem in growing turkeys is that
repeated infections caused by other serotypes regularly occur during the long rearing period.
Antigens have been found that show cross-protection between serotypes of O. rhinotracheale
but up to now no cross-protecting vaccines are available so, at present, vaccines given to turkeys
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should contain several serotypes and those vaccines with a long-lasting efficacy should be used.
This last point also applies to autogenous vaccines.

Maternally derived antibodies, which can be found in almost all flocks, thwart the immuniza-
tion of day-old birds against O. rhinotracheale. Vaccines in potent (oil) adjuvants are needed to
break through this barrier but it is well known that the vaccination of day-old birds with this
kind of vaccine can have negative effects on performance. The best results in broiler chickens are
obtained by vaccination of the breeder flocks. This induces maternally derived antibody levels
in the progeny that provide significant protection up to 3—4 weeks of age against experimental
challenge. In field trials, the vaccination of breeders also significantly reduced the number of
O. rhinotracheale isolates and outbreaks in their progeny and increased the production results of
the progeny.

Live vaccination is feasible but up to now no nonvirulent strains of O. rhinotracheale have
been found that could be used for this purpose.
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Riemerella
infections

Riemerella anatipestifer infections mainly affect ducks, and less frequently geese and turkeys.
However, sporadic infections have been reported in several domestic and wild avian species. The
disease has been reported worldwide and most frequently affects young ducklings in intensive
production systems, resulting in increased mortality, decreased weight gain, increased condem-
nations and downgrading at slaughter, and is estimated to cause substantial economic losses to
the industry, with prevention and control programmes adding to the costs.

In typical cases infections caused by R. anatipestifer are characterized by an acute onset and
development of polyserositis with lesions that are difficult to separate from those caused by
Escherichia coli, Coenonia anatina and Salmonella spp. affecting the same age group.

Cause

R. anatipestifer is Gram-negative, nonsporulating, catalase- and oxidase-positive and nonmotile.
It grows microaerophilically in enriched media, and acid production from glucose in peptone-
containing media is usually negative. R. anatipestifer is characterized more by the absence than the
presence of specific phenotypic properties and for this reason isolation and identification procedures
should be polyphasic. A definite diagnosis should include the use of genotypic methods.

A total of 21 serovars of R. anatipestifer have been reported so far. Multiple antigenic factors
have been demonstrated within a single strain of R. anatipestifer, similar to the situation observed
for Pasteurella multocida. Because immunity has been shown to be serovar-specific, knowledge
generated by serotyping provides valuable information for the design of vaccines. However,
together with biochemical characteristics they have contributed little to the understanding of
the epidemiology of R. anatipestifer infections. DNA fingerprinting using Hinf1 or Ddel for
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digestion of DNA has proved to be highly discriminatory, demonstrating 17 different profiles of
serovar 1, the most common serovar in the USA. Using this method, considerable genetic diver-
sity among strains isolated from a specific geographical region has also been demonstrated. Most
strains of R. anatipestifer carry plasmids on which genes similar to virulence-associated genes of
other bacteria have been demonstrated, but their importance remains to be further investigated.

Although some serovars seem more virulent than others the biological mechanisms behind
this are not yet known.

Hosts

R. anatipestifer infections are primarily observed in web-footed birds; in particular, ducklings of
1-6 weeks of age are highly susceptible. Serious infections have also been reported in galliform
birds, including turkeys, pheasants and partridges. Infections in pigeons are caused by a differ-
ent species, Riemerella columbina, and isolates from avian species other than web-footed birds
remain to be characterized genetically to verify they represent R. anatipestifer sensu stricto.

Spread

The mode of spread of R. anatipestifer is still debatable and due to lack of selective media very
little is known about the importance of healthy carriers of R. anatipestifer. Lateral spread from
the environment it thought to be by the respiratory route or through traumatic injury to the
skin but no evidence has been published that indicates vertical infection. Once the infection is
established on a farm it frequently becomes endemic.

The occurrence of multiple serovars in the same flock has been reported, just as change in pre-
dominant serovars from year to year seems common. The importance of persistence and multiple
introductions of Riemerella anatipestifer should be investigated using molecular methods to improve
our understanding of the epidemiology and of the possibilities for prevention of the infection.

Influencing factors

A seasonal occurrence has been reported underlining the possible importance of adverse envir-
onmental conditions or concomitant diseases predisposing infected birds to outbreaks of dis-
ease. The severity of the disease seems to depend on the serovar involved, the age of the host,
the route of exposure and predisposing factors.

Pathogenesis

The exact route of infection remains unclear but it has been suggested that the ducklings are
infected from the environment via the respiratory tract or through wounds, particularly of the
feet. Strong variations of virulence as assessed by mortality and morbidity rates during outbreaks
have been reported between serovars and within a given serovar, consistent with a high degree of
genetic diversity among isolates.

Clinical signs

Clinical signs are usually observed after an incubation period of 2-5 days. Clinical signs and
mortality can be seen as early as 24 hours post-infection after artificial infection of ducklings.
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Signs most often include lethargy and listlessness, anorexia with ruffled feathers and the duck-
lings are hunched in appearance. Ocular and nasal discharge, mild coughing and sneezing,
and greenish diarrhoea may develop subsequently, as well as ataxia and tremor of the neck and
head. Affected ducklings often lie on their backs paddling their legs, unable to follow the flock.
Morbidity is high and mortality may vary from 5% to 50%. Affected flocks become uneven.

Lesions

Gross lesions in affected birds include polyserositis with fibrinous exudates covering the sero-
sal surfaces of the body cavity in addition to the hepatic capsule and pericardial sac. Various
lesions may be observed in the respiratory tract, including fibrinous sinusitis, pneumonia and
air sacculitis. Lesions in the brain primarily consist of a diffuse fibrinous meningitis. The spleen
and liver are moderately to markedly enlarged. There may be moderate to marked multifocal to
coalescing areas of lymphoid necrosis of the white pulp of the spleen and also varying degrees
of lymphoid depletion and necrosis within the cortical and medullary regions of the bursa of
Fabricius. A high proportion of affected birds also show a mucopurulent or caseous salpingitis
and affected breeding stock should be slaughtered because of a high prevalence of blind layers
that occurs subsequently. Chronic localized infections in the form of necrotic dermatitis on the
lower back or around the vent may also be observed.

A presumptive diagnosis may be made from clinical signs and post-mortem findings provided

that typical central nervous symptoms have developed. A definite diagnosis, however, depends on
isolation and identification of R. anatipestifer. Suitable tissues for culture include the brain, bone
marrow and the respiratory or reproductive tract. A PCR-based diagnostic test has been described
but its specificity remains to be investigated in more detail. Different methods have been
reported for serovar determination and, of these, plate agglutination is rapid and convenient.
However, unless titrations are carried out, only absorbed antisera should be used because of the
existence of multiple antigenic factors within a single strain.

Several ELISA tests have been reported for detection of antibodies, the sensitivity of which
remains to be compared. Apart from their use in measuring the host response to vaccination,
the practical value of these tests seems limited. Gross lesions indistinguishable from those caused
by R. anatipestifer have been reported for E. coli, C. anatina, S. enterica and P multocida. In tur-
keys the differential diagnosis of R. anatipestifer also includes chlamydiosis and infections with
Avibacterium gallinarum and Bordetella avium.

In acute outbreaks antimicrobial susceptibility testing of fresh isolates of R. anatipestifer should
be carried out. Enrofloxacin has been shown to be highly effective in preventing mortality in
ducklings when given in the drinking water, while varying degrees of success have been obtained

with other antibiotics and sulpha drugs. Inactivated bacterins are normally used to prevent or
reduce mortality due to R anatipestifer. Because of lack of cross-protection between serovars
and the possible involvement of more than one serovar in an outbreak, several isolates should be
taken over time for serotyping from an infected farm in order to allow design and production
of an effective vaccine. Several types of bacterin have been reported, with oil-emulsion bacterins
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providing longer-lasting immunity in ducklings. A single inoculation of an oil-emulsified bac-
terin has been reported to protect ducklings until processing, although undesirable lesions may
occur at the site of inoculation.

Where a farm is endemically infected, all-in all-out production should be implemented to
control the infection and minimize losses. The most important aspects of prevention include
a high level of biosecurity and good management and sanitation practices. This will include
cleaning and disinfection between flocks and separation between flocks on multiple-age farms.
Predisposing stress and intercurrent infections should be avoided.

The disease is of no public health significance.
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Avian bordetel-
losis (turkey
coryza)

Bordetella avium causes a highly contagious acute upper respiratory tract disease primarily in
young turkeys and less frequently in young chickens, ducks and geese as well as in young birds
of other species (e.g. psittacine birds, finches, quails, partridges). The disease causes economic
losses in young turkeys due to impaired growth and slightly increased mortality and may result
in high mortality when complicated by other pathogens. The disease was first described in 1967
in Canada and has been reported from the USA, Australia, Africa, Israel and most European
countries. B. avium has been shown to have properties similar to those of other pathogenic
bordetellas (e.g. Bordetella pertussis); however, there is no evidence that it can infect humans.

Cause

B. avium is a strictly aerobic, capsulated and motile, Gram-negative, rod-shaped bacterium that
is nonfermentative and nonsaccharolytic and therefore relatively inactive on biochemical tests.
When grown on agar medium, most strains produce small (0.2—1 mm diameter), compact, pearl-
like colonies with a smooth edge after 24 h incubation, which increase to 1-2 mm after 48 h incu-
bation (these are called type I colonies). Another colony type (type II) is also smooth, circular
and convex but is flatter and larger than type I colonies. A small percentage of strains dissociate
into a rough colony type with a dry appearance and a serrated irregular edge (type III). Rough

*The author wishes to acknowledge the contribution of G. Philip Wilding, author of this chapter in the 5th edition.
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colonies have been found to be apathogenic. Bordetella of the type I and II colonies are able to
agglutinate guinea pig erythrocytes but the mean haemagglutination titre of the type I organisms
is significantly higher than that of the intermediate type II organisms.

There appears to be considerable variation in virulence between strains. Avian Bordetella strains
may differ in their adherence to the tracheal mucosa, toxin production, haemagglutination of
guinea pig erythrocytes, plasmid profiles, antibiotic sensitivity, colony morphology and, last but
not least, in their pathogenicity. Up to now the following virulence factors have been identified:
surface structure for adhesion to cilia of tracheal mucosa, haemagglutinin, endotoxin, heat-labile
dermonecrotic toxin (DNT), tracheal cytotoxin (TCT), osteotoxin and histamine-sensitizing
factor.

B. avium survives best under the conditions of low temperature, low humidity and neutral
pH. It was able to survive for 25-30 days within faeces and dust at 10°C and relative humidity
of 32-58%. When the temperature was raised to 40°C survival of the bacteria was less than
2 days. It is susceptible to many disinfectants if used at the correct concentration.

Hosts

It should be emphasized that B. avium is not only a primary pathogen for turkey poults but also
for Muscovy ducklings, quail chicks and cockatiel (Nymphicus hollandicus) chicks. It appears to
be an opportunistic pathogen for chickens. There are also reports of B. avium isolations from
numerous other species of bird but its role in these cases has been not clarified.

Spread

The main sources of infection are clinically affected birds, carrier birds and the contaminated
environment. Only a few viable organisms are necessary for infection so it can be transmitted
by drinking water or litter contaminated by nasal discharge and is spread readily by direct con-
tact with infected poults. B. avium is widely distributed in populations of wild turkeys, ducks
and geese, which act as a reservoir for the agent.

Pathogenesis

B. avium is a noninvasive bacterial agent with a strong tissue tropism for the ciliated cells of the
respiratory tract. The first step in pathogenesis is the adhesion of the organisms to the ciliated
nasal mucosa, followed by progressive colonization of the trachea down to the primary bron-
chi within 7-10 days. Toxic substances produced by the organisms during multiplication are
associated with production of lesions via an apoptotic pathway, an inflammatory response and
the appearance of clinical signs. Furthermore, virulent strains of B. avium are capable of indu-
cing systemic pathophysiological effects (stress syndrome) that may be responsible for the more
severe and prolonged disease process associated with intercurrent infections by other infectious
agents, of which the most prominent is Escherichia coli.

In this connection it should be considered that differences in genetic susceptibility to bor-
detellosis may exist among species of bird and among commercial poultry lines. Recently pub-
lished experimental research results indicate that turkeys of heavy lines are more susceptible
than those of lighter lines. The lowered cellular immune response seems to be responsible for
these differences.

177



I 173

2 | BACTERIAL DISEASES

Clinical signs

The uncomplicated disease in turkey flocks on floor management is characterized by rapid
spread, high morbidity and low mortality. The onset of the disease is usually sudden and mor-
bidity may approach 100% within 24-48 h. Bordetellosis usually occurs in 2—8-week-old birds,
although clinical disease apparently due to this infection has been described in older birds.

Signs of bordetellosis result from local and systemic reactions caused by bacterial toxins,
inflammatory response and physical obstructions of large airways. Signs include foamy conjunc-
tivitis, sneezing and coughing, with moist tracheal rales. Some poults may also show ‘mouth
breathing’ and the voice may become high-pitched. Submandibular oedema is commonly
noted. Characteristically, excess mucus is seen in the nares, although in the early stages manual
pressure across the beak may be necessary to make this visible. In the later stages the mucus
becomes encrusted with dust.

Mortality rates vary widely but may be extremely high. This is probably influenced by the
presence of intercurrent infections and is exacerbated by general management, especially inad-
equate ventilation and poor environmental conditions. Escherichia coli septicaemia appears to
be one of the most common causes of death but other agents such as avian pneumovirus and
Ornithobacterium rhinotracheale may be also involved. Levels of mortality that are higher than
expected may continue for some weeks following bordetellosis. Infections have also been detected
in older turkeys where the only clinical sign has been a dry cough.

Lesions

In the early stages the lesions are limited to excess mucus in the upper respiratory tract, which
may become mucopurulent. Collapse of the trachea and/or bronchi associated with mucopuru-
lent plugs has also been reported. Lower respiratory tract lesions are uncommon unless the dis-
ease is caused by a highly virulent strain of B. avium under stressful environmental conditions
and/or complicated by other primary or secondary pathogens.

Bordetellosis is clinically indistinguishable from turkey rhinotracheitis caused by avian pneu-
movirus. Therefore, the history of a rapidly spreading disease and its clinical signs and lesions
may allow only a tentative diagnosis that has to be confirmed by isolation and identification of
the causal agent. B. avium grows slowly on MacConkey agar and may be easily overlooked after
24h incubation; at 48h small colonies of 1-2mm diameter can be seen, which may have a
brownish raised centre. Many rapidly growing bacterial species may also be present, which can
overgrow B. avium colonies; it is therefore recommended that samples are taken early in the
disease process before opportunistic bacteria colonize the respiratory tract. Samples should also
be taken aseptically, the preferred method being at post-mortem examination by section of the
infraorbital sinus and midtrachea as soon as possible after death.

The organisms should be identified by their macro- and micromorphology as well as by their
biochemical properties. The reliability of B. avium identification can be enhanced by gas-liquid
chromatographic analysis of whole-cell fatty acids using the MIDI system, a computer-assisted
microbial identification system. Furthermore, the indirect fluorescent monoclonal antibody
staining technique or a polymerase chain reaction (PCR)-based assay can also be used to detect
the presence of the avian bordetellas in tissue samples. Specific attention should be given to dif-
ferentiating B. avium from O. rhinotracheale and Bordetella hinzii in primary cultures.



Avian bordetellosis (turkey coryza)

Serological assays by microagglutination and enzyme-linked immunosorbent assay (ELISA)
have been developed and may be used in diagnosis or epidemiological studies.

Avian bordetellosis is difficult to control on intensive turkey farms because environmental con-
ditions are conducive to its perpetuation. Many disease outbreaks have occurred on continuous
production farms or those where terminal hygiene procedures have been inadequate. Successful
control depends upon rigorous routine hygiene procedures such as depopulation, complete
removal of the litter and strict attention to cleaning and disinfection. Particular attention should
be paid to disinfection of the food and water systems as well as the air ventilation system.

Numerous antimicrobial treatments have been used in affected flocks but with only limited
success. In contrast, it has been reported that, after medication with sulphonamide/trimetho-
prim or enrofloxacin for 5 days in the drinking water, clinical signs disappeared almost com-
pletely; however, relapse occurred after the treatment was discontinued. The reason for this was
not the inefliciency of the drug itself but rather the fact that the antimicrobials were not able to
eliminate the agent in all birds of a large population as well as from the environment. Only if
specific immunity has developed in most of the affected birds of the flock does the disease dis-
appear completely. Nevertheless, treatment with chemotherapeutics can help to reduce losses in
flocks with a severe, complicated form of bordetellosis.

Vaccines available commercially include a live temperature-sensitive mutant of B. avium and a
whole-cell bacterin. The main problem is to induce a protective immunity early in life, because
turkey poults of less than 3 weeks of age are unable to develop adequate protective immunity.
However, it has been shown that poults derived from turkey hens vaccinated with an inactivated
oil-adjuvant vaccine are protected within the first 2—3 weeks after hatching. Maternal antibodies
of the IgG class may be responsible for the temporary passive immunity.
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The genus Campylobacter derives its name from the Greek word for ‘curved rod’, because of the
curved, spiral or S-shaped morphology of these bacteria. They are Gram-negative, flagellate bac-
teria with a characteristic darting motility. Most species are microaerophilic, requiring a reduced
atmospheric oxygen tension for growth. There are many species of Campylobacter and in recent
years the taxonomy has changed considerably. The bovine pathogen Campylobacter ferus (for-
merly Vibrio fetus) was recognized as a cause of ovine and bovine abortion as long ago as 1913.
However, it was not until 1957 that Elizabeth King, on the basis of thermophilic characteristics
(optimum microbial growth at high temperatures), identified a group of ‘related vibrios™ associ-
ated with human enteric disease. The importance of these thermophilic campylobacters as a
major cause of human diarrhoeal disease was confirmed in the early 1970s following the devel-
opment of selective isolation media for these fastidious organisms.

Thermophilic campylobacters are found in the intestinal tracts of a wide variety of animals
and birds, often without causing disease. Unlike C. ferus, they are not major veterinary patho-
gens and their main significance lies in the ability of infected animals to serve as reservoirs of
infection for human disease. The reasons for the differences in pathogenicity between animals
and humans are not known. The three main species of thermophilic campylobacters of poul-
try are Campylobacter jejuni, Campylobacter coli and Campylobacter lari and they can be distin-
guished from others in the genus by their preferential growth at a temperature of 42-43°C.

All three species can be isolated from poultry but the main species is C. jejuni. Current
evidence points to these bacteria existing in the intestinal tract of poultry as nonpathogenic
commensals.

The purpose of controlling Campylobacter infection in poultry is to reduce the potential for
foodborne transmission of the bacteria to humans. There is no evidence that campylobacteriosis
in humans is attributable to the consumption of table eggs. Therefore, this review concentrates
on the epidemiology and control of infection in broiler flocks because consumption or handling
of chicken meat has been identified as a major source of Campylobacter infection for humans.
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Cause

Campylobacters have a typical Gram-negative cell wall, capsule and flagella and are slender,
curved rods, measuring 0.2—0.5 pm by 0.5-5 um. They are microaerophilic, requiring an atmos-
phere containing 3—15% oxygen and 3-5% carbon dioxide for growth. They do not ferment
or oxidize carbohydrates and so biochemical tests used for Enterobacteriaceae cannot be used
to differentiate between species. All three main species are catalase- and oxidase-positive and
C. jejuni can be differentiated from C. coli by its ability to hydrolyse hippurate. C. /ari is char-
acterized by its resistance to nalidixic acid. There is a large diversity within species, particularly
C. jejuni and C. coli, and the identification of individual strains has proved important in deter-
mining the extent of disease outbreaks and identifying the sources of the organism and modes
of transmission.

In 2000 the genome sequence of C. jejuni NCTC11168 was published. The size of the chro-
mosome (1 641 481 base pairs) is relatively small compared with other bacteria and consequently
the number of genes is limited (around 1 600 compared with over 5 000 in Sa/monella spp.).

The mechanisms by which these bacteria cause disease in humans are unknown but virulence
has variably been associated with cytotoxin or enterotoxin production, adhesion and invasion,
flagella and motility. Virulence differs between strains and there is a large reservoir of nonviru-
lent strains in the environment. There is evidence that the organism can enter a viable but non-
culturable state in unfavourable conditions, although this may reflect the degenerative changes
associated with a dying population. The potential for these cells to resuscitate and infect a host
remains to be established. The immune status of the host is also important in determining the
outcome of infection.

Campylobacters possess plasmids that can mediate resistance to tetracyclines. Resistance to
other antibiotics, including kanamycin, erythromycin and recently ciprofloxacin, is also com-
mon. Resistance to fluoroquinolones has been shown to develop very rapidly and the incidence
of resistant isolates has increased in humans in recent years, which has coincided with the
approval of these drugs for veterinary use. Consequently, the use of these antibiotics in animal
production systems may have serious implications for the treatment of human infections.

Hosts

Campylobacter bacteria are found in a wide range of warm-blooded animals but the preferred
host for the thermophilic species, C. jejuni, appears to be poultry. Campylobacters are found
wherever commercial poultry are kept and they have also been found in game birds, pigeons
and various wild birds. As mentioned below, C. jejuni is also found in domestic and wild mam-
mals on farms.

Prevalence of infection in broiler breeder flocks has been found to be as high as 80% but
campylobacters are rarely isolated from hatcheries or newly hatched chicks. The prevalence
reported in broiler flocks varies, possibly owing to variations in age, isolation technique or sea-
son. The prevalence also varies between countries. Sweden, Finland and Norway report rela-
tively low rates of infection (5-20%) whereas the UK, other European countries and the USA
appear to have higher levels of infection, with up to 90% of broiler flocks infected. C. jejuni is
the most frequently isolated species from poultry but occasionally C. coli and C. lari are found.
Comparisons between surveys should be made with caution because of a lack of standardization
of surveillance methods. Flocks may be infected with more than one species of Campylobacter
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and within species multiple strains are commonly found in an infected flock, although there is a
tendency for one strain to predominate.

Spread

Descriptive studies have shown that broiler flocks usually become infected, without showing
clinical signs, when the chicks are 3-5 weeks old, but infection has been observed as early as 7
days of age. Within 3—7 days of initial infection, 80-100% of the flock become infected and
remain carriers until slaughtered at 6-7 weeks of age. The transmission rate within a flock has
recently been quantified at 1.04 new cases per colonized chick per day. Coprophagy may par-
tially explain the rapid spread of infection within flocks and there is also evidence that transient
palatine carriage may result in spread via communal drinking water systems. Extremely high
numbers of campylobacters have been found in caecal contents once colonization is established
and in the field the organism is usually isolated in large numbers from the majority of birds
sampled. Experimentally, chicks have been shown to cease shedding the bacteria 3 months after
challenge. However, the short life span of the broiler chick precludes this natural self-limitation
of infection.

The reason for the delay in colonization of young chicks is not known. They are susceptible
to infection at 1 day old in the laboratory yet organic flocks, which are frequently exposed to
campylobacters in the environment, also show this so-called ‘lag phase’; hence the delay is likely
to be an inherent property of the chick. Recent studies have indicated that the lag phase may be
related to maternally derived immunity.

Although vertical transmission of infection from breeder flocks seems unlikely to occur, there
is continuing debate in this area. Campylobacters have been isolated from broilers within 1-2
days after hatching in a minority of flocks. The organisms have also been found in mature and
immature ovarian follicles of broiler breeder hens and the semen of breeder cockerels, a finding
that provides some support for vertical transmission. However, most research in the European
setting has not supported this view and experimental studies have also shown that C. jejuni does
not easily penetrate the eggshell. These findings suggest that control measures should be directed
at limiting horizontal spread of infection to broilers by contact with infected animals or indirect
transmission by vectors or other vehicles. Knowledge of the survival characteristics of C. jejuni,
such as its sensitivity to oxygen and drying and its inability to multiply in feed, litter or water
under ambient conditions, has helped to unravel the epidemiology of this infection.

As anticipated, feed samples taken from broiler houses have not been found to contain
campylobacters because of the low moisture content of poultry feed. Drinking water may act as
a vehicle of infection for growing broiler chicks. Campylobacters survive well in cold water and
human waterborne outbreaks have been widely reported. Chlorination of the water supply has
been shown to reduce the prevalence of C. jejuni in flocks supplied with water from a borehole
but header tanks and drinkers must be kept clean, as organic matter rapidly inactivates chlorine.
The use of a water sanitizer has also been shown to be protective.

Insects, including Alphitobius species, have been shown to be carriers of C. jejuni. It has been
demonstrated in the laboratory that houseflies can transmit C. jejuni to chicks but it is not
known how important this process is in the field. In a recent study 8.2% of flies caught out-
side a broiler shed in Denmark were contaminated and therefore had the potential to transmit
C. jejuni to the chickens. It has been suggested that insects may be a contributing factor to the
summer peak of infection, since their numbers are likely to be higher in the summer months.
C. jejuni is also commonly carried by domestic and free-living animals found on farms, includ-
ing cattle, pigs, dogs, rodents and wild birds. These species have been shown to carry similar
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Campylobacter serotypes as poultry and research has found the presence of other farm animals
on poultry farms to be a risk factor for Campylobacter infection. Rodent droppings may be par-
ticularly important sources of Campylobacter infection for flocks, especially if there is evidence
of rodent access to poultry houses or food stores.

Because of the ubiquitous nature of campylobacters in the environment it is most likely
that infection is introduced to flocks through environmental contamination from sources in
the vicinity of the broiler sheds. Movement of personnel between broiler houses or farms may
spread infection. In support of this view, campylobacters have been recovered from the boots
of poultry farm workers and surface water near poultry houses. The risk of infection can be
reduced by the use of effective boot dips or of house-dedicated boots. Thorough cleansing and
disinfection of broiler sheds after depopulation is also very important to prevent carryover of
infection.

The practice of ‘thinning, i.e. reducing bird density within a broiler shed 1-2 weeks before
slaughter age, is a common procedure in many European countries and is a major risk factor for
the introduction of C. jejuni into the broiler shed. As well as campylobacters being recovered
from the boots of personnel entering the sheds, the equipment and vehicles used at ‘thinning’
(crates, modules and forklift trucks) have been shown to carry C. jejuni. The potential risk of
infection during transport to slaughter from Campylobacter-positive crates has also been high-
lighted. The main routes of transmission of Campylobacter infection in broiler flocks are sum-
marized in Figure 16.1.
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Fig. 16.1 Routes of transmission of Campylobacter jejuni in broiler flocks.
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Large numbers of campylobacters can be present in the avian intestinal tract without any appar-
ent gross pathology. There is no recognized clinical syndrome in poultry flocks attributed to
infection with these bacteria. In the mid-1960s a new disease syndrome in laying flocks, called
avian vibrionic hepatitis, was recognized and subsequently attributed to infection with ther-
mophilic ‘vibrio-like’ organisms. This condition has since disappeared and there is now doubt as
to whether campylobacters were the cause of the syndrome, as experimental studies have repeat-
edly failed to induce hepatopathy in chicks inoculated with C. jejuni.

Campylobacters are fragile, fastidious, slow-growing organisms. The principal niche for col-
onization in the bird is the caecum and caecal contents are the diagnostic sample of choice.
However, cloacal swabs or fresh faecal samples are also suitable for the detection of infection as
infected birds shed large numbers of campylobacters in their facces. Samples should be sent to
the laboratory without delay and stored at 4°C. A transport medium is beneficial if samples can-
not be processed straight away or the specimen is likely to contain only a few organisms. Direct
microbiological examination (smears) is not used routinely because it lacks sensitivity. However,
polymerase-chain-reaction-based restriction fragment length polymorphism (PCR-RFLP) anal-
ysis of flagellar genes may prove useful for rapid detection and typing purposes in the future.
Latex agglutination kits are also available but should only be used for confirmation purposes.
A selective solid medium, containing antibiotics to inhibit unwanted organisms, is used rou-
tinely for isolation of the organisms. A pre-enrichment broth can be used to increase recovery,
although the choice of enrichment medium can significantly affect the recovery of organisms.
Currently there is no single method ideally suited to recovery of all species of Campylobacter
from all sample types. Plates are incubated microaerophilically at 41.5 = 1°C for 48-72h to
detect campylobacters from caecal/cloacal samples and plates can be incubated at 37°C to test
the ability to grow under aerobic conditions. Environmental samples or samples exposed to the
environment are normally incubated at 37°C for 48-72h. Colonies are nonhaemolytic, round,
smooth and greyish-white in colour.

Campylobacters should be speciated when possible. Despite their inability to ferment or oxidize
carbohydrates, there are a number of recommended tests for the identification of Campylobacter
species, including oxidase, catalase, nitrate and nitrite reduction, urease, H,S production, hip-
purate hydrolysis, indoxyl acetate hydrolysis and testing for sensitivity to nalidixic acid and
cefalothin.

Campylobacters are highly diverse phenotypically and genotypically. There are a number of
different typing schemes that can be used to identify different strains within species but they
are restricted to reference laboratories and there is no correlation between schemes. Currently,
the most widely used scheme is serotyping and is based on either heat-stable (Penner scheme)
or heat-labile (Lior scheme) antigens. However, serotyping is limited by the lack of availability
of the large number of antisera required and the high level of nontypability. In recent years,
molecular techniques, such as ribotyping, pulsed field gel electrophoresis (PFGE) and flagellin
typing, have been developed. These are in use in a number of laboratories and can be highly
discriminatory, especially when combined with serotyping. Recently, DNA sequencing methods
such as multi-locus sequence typing (MLST) have been employed, which allow direct compari-
son between laboratories.
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Campylobacters can survive routine poultry processing techniques. Superchlorination of the
washing water, organic acid sprays, hot rinses and forced air chilling may reduce carcass con-
tamination levels in the processing plant but are unlikely to achieve elimination. Post-harvest
control is assisted by hazard analysis and critical control point (HACCP) protocols aimed at
reducing the level of faecal contamination on the carcass and preventing cross-contamination.
The organism is also very sensitive to irradiation but this is not an option in the UK at present
because of public concerns over safety. Campylobacters are fragile organisms and are susceptible
to drying (except when refrigerated), oxygen, direct sunlight and most disinfectants but they
survive well in foods under refrigeration and can also survive in much lower numbers on fro-
zen foods. Unlike salmonellas, campylobacters will not replicate in foods stored below 30°C.
Thermal inactivation occurs at 48°C so they will not survive pasteurization or typical meat
cooking procedures. However, consumer education and reinforcement of hygienic practices in
catering establishments have so far been inadequate to prevent human campylobacteriosis.

Thus the control of poultry-associated infections in humans would appear to depend on the
control of infections in broiler flocks. No commercial vaccine is available but there is the possi-
bility to increase resistance by ‘competitive exclusion’. This has been investigated as a method of
preventing Salmonella and Campylobacter colonization of broiler chicks. However, the primary
niche for C. jejuni colonization is the mucin layer of the caecum and it is therefore necessary
to develop a culture that contains organisms to compete for this niche. Recently, competitive
exclusion flora derived from this mucosal layer have shown some protective ability against both
Salmonella and C. jejuni colonization. Research on reducing C. jejuni colonization of broiler
chickens by bacteriophage therapy is also under way. Hygiene measures have been shown to be
effective in reducing the risk of infection and the main recommendations are outlined in Table
16.1. The combination of enhanced biosecurity and the use of other preventive measures such
as competitive exclusion is most likely to reduce the prevalence of Campylobacter colonization of
broiler flocks.

. Table 16.1 | Prevention and control of Campylobacter in broiler flocks

e Maintain poultry buildings in a good state of repair

e Control rats and mice
e Thoroughly clean and disinfect poultry houses between flocks
e Supply birds with potable drinking water
e Dispose of dead birds promptly, away from the poultry farm
e Maintain strict disease security during the life of the flock:
— Allow only essential visitors into poultry houses
- Dip and change boots before entering each house
- Replace boot dip at least twice a week using the correct amount of disinfectant
— Add water sanitizer to the drinker system

e Carry out thinning only in association with proper crate washing and biosecurity
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Campylobacter infection has become the most frequently implicated infectious cause of human
gastroenteritis in the UK and other developed countries. All three species have been implicated
but, in developed countries, C. jejuni is by far the most important and is isolated from 90% of
cases of campylobacteriosis. An average annual rate of Campylobacter incidence in England and
Wales was determined to be 78.4 = 15.0 cases per 100000 based on laboratory-confirmed cases
between 1990 and 1999. However a study of infectious intestinal disease in England under-
taken between 1993 and 1996 estimated that the rate of Campylobacter infection in the com-
munity was 870 per 100000. The highest rates of infection are in children and young adults,
particularly males. The numbers of reported infections reach a peak in May or June and then
decline to less than 50% of this level in the winter months.

Most cases of campylobacteriosis are sporadic and large outbreaks of illness are relatively rare.
Illness occurs 2-10 days after exposure and the presenting symptoms are watery and sometimes
bloody diarrhoea accompanied by nausea, abdominal pain and sometimes fever. Campylobac-
terial enteritis does not usually require antibiotic therapy, as the disease is self-limiting, lasting
about 5-7 days. Complications are uncommon (<<1%) but can be serious. The most important
manifestation is Guillain—Barré syndrome which is a postinfectious neurological disorder and can
be fatal (approximately one-quarter of patients with Guillain—Barré syndrome have had a recent
C. jejuni infection). Asymptomatic infection in developed countries is rare, as is person-to-person
transmission. In contrast, in developing countries where human campylobacteriosis is hyperen-
demic, clinical illness in adults is rare (asymptomatic infection is the norm) because of the early
acquisition of immunity by children persistently exposed to multiple strains of infection.

The precise role that infected animals and birds play in the human disease is not clearly
defined. However, the majority of infections are foodborne and evidence has been accumulating
that poultry are a major source of infection. Several studies have found high C. jejuni isolation
rates in broiler farms and poultry processing plants. Campylobacters are commonly found in
birds at slaughter and the caeca and intestines of infected birds have been shown to contain very
large numbers of bacteria. Spillage of intestinal contents results in contamination of carcasses
and the processing plant environment. The organism appears to survive the processing opera-
tion and cross-contamination during procedures such as scalding, plucking and evisceration and
immersion chilling may even allow the prevalence of carcass contamination to exceed that of
infection in the live bird. Retail surveys have shown that typically more than 50% of chicken
carcasses are contaminated.

Serotyping has revealed similar strains in poultry and humans and case-control studies in the
human population have attributed up to half of all cases to the consumption or handling of
chicken. However, it is unlikely that all strains of Campylobacter carried by poultry are patho-
genic to humans.

Campylobacters, being fragile organisms, are susceptible to most methods commonly used to
eliminate enteropathogens from foods. However, the incidence of human enteritis is high. This
may be due to a combination of factors, including the high numbers of organisms present on
raw chicken, the low infective dose and cross-contamination during food preparation of utensils
or foods that are not subsequently cooked. It has been shown that a small drop of raw chicken
juice can be sufficient to provide an infective dose for humans.

However, there are other well-recognized sources of Campylobacter infection for humans, the
importance of which has not been established. These include: red meats and shellfish; unpas-
teurized milk or contamination of milk delivered to the doorstep by wild birds pecking through
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the bottle tops; contaminated drinking or recreational water; and direct contact with infected
animals, especially domestic pets; 10% of cases in the UK are attributed to foreign travel.

There is no compulsory monitoring of poultry or reporting of Campylobacter infection in the
UK and many other countries, although there is a substantial amount of voluntary testing within
the poultry industry. Plans to implement a monitoring programme for Campylobacter spp. in the
European Union are under discussion. In recent years Sweden, Denmark and the Netherlands
have introduced Campylobacter control programmes in broiler production flocks that run along-
side the Salmonella control programmes. In Norway, since implementing a specific action plan
for broilers in 2001, there has been a considerable reduction in the prevalence of campylobacters.

Advisory Committee on the Microbiological Safety of Food 2005 Second report on Campylobacter.
FSA/0986/0605. Food Standards Agency, London

Berndtson E, Emanuelson U, Engvall A, Danielsson-Tham M-L 1996 A 1-year epidemiological study of
campylobacters in 18 Swedish chicken farms. Prev Vet Med 26: 167-185

Bouwknegt M, van de Giessen A W, Dam-Deisz W D et al 2004 Risk factors for the presence of
Campylobacter spp. in Dutch broiler flocks. Prev Vet Med 62: 35-49

Cox N A, Stern N J, Hiett K L, Berrang M E 2002 Isolation of Campylobacter spp. from semen samples of
commercial broiler breeder roosters. Avian Dis 46: 717-720

Cox N A, Bailey J S, Richardson L J et al 2005 Presence of naturally occurring Campylobacter and
Salmonella in the mature and immature ovarian follicles of late-life broiler breeder hens. Avian Dis 49:
285-287

Dingle K E, Colles F M, Ure R et al 2002 Molecular characterization of Campylobacter jejuni clones: a
basis for epidemiologic investigation. Emerg Infect Dis 8: 949-955

Evans S J 1992 Introduction and spread of thermophilic campylobacters in broiler flocks. Vet Rec 131:
574-576

Evans S ] 1997 Epidemiological studies of salmonella and campylobacter in poultry: a cross-sectional
survey of thermophilic campylobacter infection of broiler flocks in England and Wales. PhD Thesis,
University of London

Evans S J, Sayers A R 2000 A longitudinal study of Campylobacter infection of broiler flocks in Great
Britain. Prev Vet Med 46: 209-223

Genigeorgis C, Hassuneh M, Collins P 1986 Campylobacter jejuni infection on poultry farms and its effect
on poultry meat contamination during slaughtering. ] Food Prot 49: 895-903

Gibbens J C, Pascoe S J S, Evans S J et al 2000 A trial of biosecurity as a means to control Campylobacter
infection of broiler chickens. Prev Vet Med 48: 85-99

Hakkinen M, Schneitz C 1999 Efficacy of a commercial competitive exclusion product against
Campylobacter jejuni. Br Poult Sci 40: 619-621

Hald B, Wedderkopp A, Madsen M 2000 Thermophilic Campylobacter spp. in Danish broiler production:
a cross-sectional survey and a retrospective analysis of risk factors for occurrence in broiler flocks. Avian
Pathol 29: 123-131

Hald B, Skovgard H, Bang D D et al 2004 Flies and Campylobacter infection of broiler flocks. Emerg
Infect Dis 10: 1490-1492



Campylobacter

Hansson I, Engvall E O, Lindblad J et al 2004 Surveillance programme for Campylobacter species in
Swedish broilers, July 2001 to June 2002. Vet Rec 155: 193-196

Hansson I, Ederoth M, Andersson L et al 2005 Transmission of Campylobacter spp. to chickens during
transport to slaughter. ] Appl Microbiol 99: 1149-1157

Harris N 'V, Weiss N S, Nolan C M 1986 The role of poultry and meats in the etiology of Campylobacter
Jjejunifcoli enteritis. Am ] Public Health 76: 407411

Hofshagen M, Kruse H 2005 Reduction in flock prevalence of Campylobacter spp. in broilers in Norway
after implementation of an action plan. J Food Prot 68: 2220-2223

Hood A M, Pearson A D, Shahamat M 1988 The extent of surface contamination of retailed chickens with
Campylobacter jejuni serotypes. Epidemiol Infect 100: 17-25

Humphrey T J, Henley A, Lanning D G 1993 The colonisation of broiler chickens with Campylobacter
Jjejuni: some epidemiological investigations. Epidemiol Infect 110: 601-607

Jacobs-Reitsma W E van de Giessen A W, Bolder N M, Mulder R W 1995 Epidemiology of Campylobacter
spp- at two Dutch broiler farms. Epidemiol Infect 114: 413-421

Kapperud G, Skjerve E, Vik L et al 1993 Epidemiological investigation of risk factors for campylobacter
colonization in Norwegian broiler flocks. Epidemiol Infect 111: 245-255

Kramer ] M, Frost J A, Bolton F J, Wareing D R A 2000 Campylobacter contamination of raw meat and
poultry at retail sale: identification of multiple types and comparison with isolates from human infec-
tion. ] Food Prot 63: 1654-1659

Loc Carrillo C, Atterbury R J, el-Shibiny A et al 2005 Bacteriophage therapy to reduce Campylobacter
Jjejuni colonization of broiler chickens. Appl Environ Microbiol 71: 6554-6563

Louis V R, Gillespie I A, O’Brien S J et al 2005 Temperature-driven Campylobacter seasonality in England
and Wales. Appl Environ Microbiol 71: 85-92

Mead G C, Hudson W R, Hinton M H 1995 Effects of changes in processing to improve hygiene control
on contamination of poultry carcasses with campylobacter. Epidemiol Infect 115: 495-500

Nachamkin I, Blaser M ] 2000 Campylobacter, 2nd edn. American Society for Microbiology,
Washington, DC

Newell D G, Fearnley C 2003 Sources of Campylobacter colonization in broiler chickens. Appl Environ
Microbiol 69: 4343-4351

Pearson AD, Greenwood M, Healing TD et al 1993 Colonization of broiler chickens by waterborne
Campylobacter jejuni. Appl Environ Microbiol 59: 987-996

Ramabu S S, Boxall N S, Madie B, Fenwick S G 2004 Some potential sources for transmission of
Campylobacter jejuni to broiler chickens. Lett Appl Microbiol 39: 252-256

Rollins D M, Colwell R 1986 Viable but non-culturable stage of Campylobacter jejuni and its role in sur-
vival in the natural aquatic environment. Appl Environ Microbiol 52: 531-538

Sahin O, Luo N, Huang S, Zhang Q 2003 Effect of Campylobacter-specific maternal antibodies on
Campylobacter jejuni colonization in young chickens. Appl Environ Microbiol 69: 5372-5379

Shanker S, Lee A, Sorell T C 1986 Campylobacter jejuni in broilers: the role of vertical transmission. ] Hyg
96: 153-159

Stern N J 1994 Mucosal competitive exclusion to diminish colonisation of chickens by Campylobacter
Jjejuni. Poult Sci 73: 402-403

Thwaites R T, Frost ] A 1999 Drug resistance in Campylobacter jejuni, C. coli, and C. lari isolated from
humans in North West England and Wales, 1997. J Clin Pathol 52: 812-814

Van de Giessen A W, Bloemberg B P M, Ritmeester W S, Tilburg J ] 1996 Epidemiological study on risk
factors and risk reducing measures for campylobacter infections in Dutch broiler flocks. Epidemiol
Infect 117: 245-250

Van de Giessen A W, Tilburg J J, Ritmeester W' S, van der Plas J 1998 Reduction of campylobacter infec-
tions in broiler flocks by application of hygiene measures. Epidemiol Infect 121: 57-66

189



I 190

2 | BACTERIAL DISEASES

Van Gerwe T ], Bouma A, Jacobs-Reitsma W F et al 2005 Quantifying transmission of Campylobacter spp.
among broilers. Appl Environ Microbiol 71: 5765-5770

Wagenaar ] A, Van Bergen M A, Mueller M A et al 2005 Phage therapy reduces Campylobacter jejuni colo-
nization in broilers. Vet Microbiol 109: 275-283

Wassenaar T M, Newell D G 2000 Genotyping and Campylobacter spp. Appl Environ Microbiol 66: 1-9

Wedderkopp A, Rattenborg E, Madsen M 2000 National surveillance of Campylobacter in broilers at
slaughter in Denmark in 1998. Avian Dis 44: 993-999

Wheeler ] G, Sethi D, Cowden ] M et al 1999 Study of infectious intestinal disease in England: rates in

the community, presenting to general practice, and reported to national surveillance. Br Med J 318:
1046-1050



Joan A. Smyth and

Perpetua T. McNamee

Staphylococci,
streptococci and
enterococci

STAPHYLOCOCCI

Staphylococci are Gram-positive cocci belonging to the family Micrococcaceae, genus
Smp/aylococcus. The genus continues to undergo revision, with seven new species accepted since
1997, and there are now 39 species listed in the genus. Smphylococcus aureus is the most com-
mon isolate from lesions in diseased birds but other staphylococcal species (both coagulase-
positive and coagulase-negative) are sometimes involved. Staphylococci are associated with a wide
variety of diseases in the chicken and turkey, and in other avian species. These include sep-
ticaemia, arthritis and tenosynovitis, bacterial chondronecrosis and osteomyelitis, gangrenous
dermatitis, yolk sac infection, subdermal abscesses (bumble foot), comb necrosis and often with
cellulitis, endocarditis and granulomas. Staphylococci have also been recovered from dead-in-shell
embryos, blepharitis/conjunctivitis, salpingitis/salpingoperitonitis, a case of pneumonia in
3-day-old turkey poults and as a secondary infection in swollen head syndrome.

Cause

Staphylococci are facultative anaerobes, catalase-positive and grow readily on blood agar. In
contrast to mammalian strains, which are usually 3-haemolytic, poultry strains of S. aureus
usually show - or &-haemolysis. They grow in 6.5% NaCl supplemented media but not on
MacConkey agar.
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Capsular-typing, phage-typing, biotyping and more recently pulsed-field gel electrophoresis
have been used for the recognition of S. aureus strains. Variation in virulence occurs among strains.

Hosts

Staphylococcal infections affect domestic poultry and many other avian species. They are com-
mon inhabitants of the skin and mucous membranes, and of the poultry environment.

Spread

Both pathogenic and nonpathogenic strains of staphylococci are ubiquitous and may be found
on and in the bodies of birds and mammals, and are common in the environment of poultry.
S. aureus can be found on the skin, in the nares and on the feet of apparently normal chickens and
wild birds. They can also be found on hatchery fluff, work surfaces and in the air of hatcheries,
and in the air and litter of poultry houses. More than one strain may be found in a flock but
one often predominates. The organism can survive away from the host for many months, par-
ticularly under dry conditions.

Infection or contamination of hatching eggs and the environment are probably of most
significance in the epidemiology and when disease exists staphylococci are more prevalent in
the environment. Social and environmental ‘stress’ and simultaneous or earlier infections with
other pathogens may lower resistance to this organism. For instance, staphylococcal arthritis
can be a recurring problem in broiler breeders during rearing when feed restriction is maximal.
Staphylococci have been recovered from semen.

DISEASES

Pathogenesis

Colonization of the upper respiratory tract in early life increases the likelihood of disease devel-
oping, particularly if birds are later infected with immunosuppressive viruses. Injury to the skin
or mucous membrane may facilitate tissue invasion. The unhealed navel in chicks may also be a
route for infection.

S. aureus is primarily an extracellular pathogen. It produces a range of cell surface factors
and exotoxins that contribute to the virulence, during either attachment to host cells, evasion
of host defences or while invading host tissues. During attachment, S. aureus can express cell
surface factors known as microbial surface components recognizing adhesive matrix molecules
(MSCRAMMs) that allow adherence to host tissues and initiate colonization. A study of 13
strains of S. aureus, recovered from infections in poultry, found that all strains harboured genes
that encode for the virulence determinants protein-A, fibronectin-binding proteins (FnBp) A
and B and clumping factors (CIf) A and B. However, only 20% of the 13 strains harboured
the gene encoding for collagen adherence protein (CNA), which can bind to collagen present
in bone and other tissues. In order to evade host defences, S. aureus can also produce an array
of factors that interfere with the mechanisms of host immune systems for example protein-A,
which can disrupt immunoglobulin-mediated opsonization and phagocytosis. Expression of
capsular polysaccharide (CP) has also been shown to be important in the process of infection,
by protecting S. aureus from the host immune response. In French and North American studies
the majority of S. aureus isolates from poultry express either CP5 or CP8 serotype and CP5 is
the predominant type.
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To assist tissue invasion, S. aureus has the ability to produce a range of toxins and enzymes
capable of breaking down host proteins, nucleic acids and lipids. Exotoxin production by iso-
lates of S. aureus from humans has been the most extensively studied. At least 16 of the toxins
are superantigens. Toxins produced include exfoliative toxin A or B, toxic shock syndrome toxin
and several enterotoxins. Eighteen enterotoxin genes have been identified to date. The occur-
rence of genes for these exotoxins has been comparatively poorly studied in poultry isolates. Of
34 isolates from poultry in USA, only one contained a classical staphylococcal enterotoxin (SE).
Of 15 isolates recovered from poultry in Northern Ireland, none contained a classical SE gene
but 14 were positive for one or more of the more recently described SE genes. The same research
showed that the frequency of occurrence of the genes varied markedly with geographical region.
The contribution of enterotoxins to the pathogenicity of S. aureus in poultry is unknown.

Much remains to be learned about the occurrence of the various virulence factors in strains of
S. aureus infecting poultry, and their role in poultry disease.

Clinical signs and lesions

Staphylococcal infection can lead to a wide variety of diseases. The main manifestations are

described here.

Septicaemia

Birds may be found dead but commonly there are signs of lameness in the flock. The gross and
histological lesions in birds dead from septicaemia are similar to those described below for strep-
tococcal septicaemia. The lameness may be caused by arthritis and/or tenosynovitis in birds of
any age, or in young birds it may be due also to bacterial chondronecrosis and osteomyelitis.

Arthritis and tenosynovitis

These conditions may occur in birds of any age. In broiler breeders, stress caused by uneven feed
distribution or aggression may predispose to staphylococcal infection. The affected joints, usually
the hocks, are hot, swollen and painful and affected birds are usually depressed, lame and reluctant
to walk. In tenosynovitis, the synovial membranes of tendon sheaths (commonly in the region of
the hock and feet) become thickened and oedematous, with fibrinous exudate within and around
the tendon sheaths. The exudate may become caseous. S. aureus is the most common isolate, but
other staphylococcal species, including Staphylococcus epidermidis, have been recovered.

Bacterial chondronecrosis and osteomyelitis

S. aureus is the most common isolate from bacterial chondronecrosis and osteomyelitis of chick-
ens, turkeys, ducks and geese. Staphylococcus hyicus and less commonly other staphylococcal spe-
cies have been recovered from bone lesions in both chickens and turkeys. Escherichia coli has
also been recovered from such lesions, particularly in turkeys. This disease is the most common
cause of lameness in broiler chickens accounting for 17.3% of lame male birds in the first 42
days of life and for 17.4% of mortalities in fattening turkeys from 16 weeks of age until slaugh-
ter. In turkeys, the disease is often associated with green discoloration of the liver. Although
sometimes called femoral head necrosis, the proximal end of the tibiotarsus is also commonly
affected (Fig. 17.1) and occasionally other bones including vertebraec may be affected. Since
many lesions are not visible to the naked eye and may occur in one of several possible sites, the
disease is likely underdiagnosed.
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Fig. 17.1 Chondronecrosis (arrows) with osteomyelitis (0) in the proximal end of tibiotarsal bones. The osteomyelitis
extends well into the marrow cavity in the left specimen.

Gangrenous dermatitis

This may occur in birds of all ages, but most commonly in broiler chickens. The wing tips and
back are most frequently affected. The skin is dark and often moist or weeping, and the under-
lying tissue may be oedematous. Staphylococci have been recovered, commonly together with
Clostridium spp. Experimentally, S. aureus isolates have had variable ability to produce gangre-
nous dermatitis, some strains only doing so when in combination with Clostridium septicum.
The staphylococcal isolates from Japanese cases produce comparatively high levels of a thiol
(cysteine) protease and produce dermatolysis when inoculated into chickens and mice. The gene
encoding for this protease was not recognized in the tested bovine and porcine strains or low
protease-producing avian strains.

Subdermal abscesses

Subdermal abscesses most commonly affect the feet (bumble foot) and sternal bursa. They occur
most frequently in mature birds, particularly those of the heavy breeds. Caseous material accu-
mulates and there may be swelling, heat and pain. In bumble foot, the undersurface of the foot
is first involved but the whole foot may become affected.

Endocarditis and granuloma

Vegetative endocarditis may also be a sequel to septicaemic infection, and particularly affects the
left atrioventricular valves. Small granulomatous lesions may occur in liver, and sometimes in

spleen and kidney.

Pneumonia

There has been a recent report of S. aureus pneumonia in association with heavy contamination
by S. aureus in the hatchery. Grossly, these lesions resembled aspergillosis, however, histologi-
cally, intralesional Gram-positive cocci but no fungi, were observed. S. aureus was recovered in
pure culture.
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The clinical history, signs and lesions may be helpful but other organisms, such as Escherichia coli,
salmonellas, Pasteurella multocida, Mycoplasma synoviae and reoviruses, may cause some of the
disease conditions described. Gram-stained smears of blood, liver and spleen may also be helpful
but it is necessary to isolate and identify S. aureus to confirm diagnosis. For diagnosis of bacterial
chondronecrosis and osteomyelitis the bones should be split longitudinally for examination.

Birds in the early stages of infection and disease may respond to treatment but those with well-
established lesions are unlikely to respond. S. aureus is inherently a rather resistant organism.
It is therefore important that antimicrobial sensitivity testing is carried out when faced with
disease problems. Penicillin, streptomycin, tetracyclines, erythromycin, novobiocin, sulphona-
mide, lincomycin, spectinomycin and fluoroquinolones have all been used with some success,
but antibiotic resistance is common. S. aureus has intrinsic resistance to many antibiotics and
can acquire resistance via mobile genetic elements encoding resistance mechanisms. S. aureus
strains recovered from poultry flocks in Denmark have shown resistance to fluoroquinolones,
tetracyclines and macrolides. There are a few reports of methicillin-resistant strains of S. aureus
recovered from samples collected in poultry slaughterhouses. Methicillin-resistant coagulase-
negative staphylococci have also been isolated from poultry in Japan.

Attempts to reduce staphylococcal contamination of the environment, particularly in the
hatchery, are important. Effective control and prevention of exposure to immunosuppressive
viruses and avoidance of stress and aggression are likely to be beneficial. Bacterial interference
using S. epidermidis by aerosol has been effective in reducing staphylococcal infections in both
chickens and turkeys.
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STREPTOCOCCI AND ENTEROCOCCI

Streptococci and enterococci are Gram-positive cocci. The enterococci were formerly classified
as Lancefield’s Group D streptococci, but they are now assigned to a separate genus within the
family Streptococcaceae. These genera continue to undergo revision as the application of molec-
ular techniques, in particular 16S rRNA gene sequencing, generates discriminating genetic
information. Since 2000, several new species have been identified and currently more than 50
species of streptococci and at least 21 species of enterococci are recognized. In terms of poultry
disease, the most noteworthy new species is Streptococcus gallinaceus, which has been associated
with outbreaks of septicaemia and endocarditis in breeding birds. Organisms previously clas-
sified as Streptococcus bovis are now suggested to represent five different streptococcal species.
Thus, isolates of S. bovis that can degrade gallate are now assigned to a new species, Streptococcus
gallolyticus. Several isolates recovered from septicaemia in pigeons have now been shown to be
S. gallolyticus. Older literature does not discriminate between these new species and S. bovis.

Among the streptococci, Streptococcus zooepidemicus (Streptococcus equi subsp. zooepidemicus)
has most frequently been associated with disease in the past but Streprococcus gallinaceus has
been identified in some disease outbreaks since 2000. In the last decade there have been an
increased number of reports of disease associated with enterococci, particularly with Enterococcus
hirae, Enterococcus durans and Enterococcus faecalis. Diseases associated with streptococci or ente-
rococci in poultry, although worldwide in distribution, are relatively uncommon. However, it
has recently been shown that early mortalities in flocks, which are likely to be attributed to
‘poor chick quality’, are in some cases due to enterococcal infections. Thus infections may cur-
rently be underdiagnosed. It has been suggested that the increased number of outbreaks seen in
Denmark in recent years may be a consequence of the banning of antibiotic growth promoters.
Septicaemic streptococcal infection is probably more common in ducks and pigeons than in
other species. Such infections are mainly due to Streptococcus bovis/gallolyticus (note: gallate
degrading strains of which are now assigned to the species S. gallolyticus). Streptococci and/or
enterococci have been recovered from cases of yolk sac infection, cellulitis, blepharitis/conjunc-
tivitis, endocarditis, arthritis, amyloid arthropathy, osteomyelitis and salpingitis/salpingoperito-
nitis in chickens and turkeys, and from dead-in-shell embryos.

Cause

The organisms are Gram-positive facultative anaerobes, usually occurring in chains or in pairs
when in broth culture or in tissues. They are usually catalase-negative and can be grown on
blood agar, although they are more fastidious than staphylococci. Incubation in a CO,-enriched
(5-10%) atmosphere can enhance growth. Identification of species can be aided by the colonial
morphology and the type of haemolysis produced. The enterococci can be grown in the presence
of bile and thus they can grow on MacConkey agar plates, unlike staphylococci. Enterococci form
a dark brown/black pigment in bile aesculin medium and are also heat-resistant (60°C/30 min).

Hosts

Streptococci and enterococci are intestinal inhabitants of birds and mammals. They have also
been recovered from the surface of eggs, normal salt glands in ducklings and, in the case of
streptococci, from semen. The organisms are not commonly recovered from other sites.
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Spread

Enterococci and streptococci can be recovered from the environment of poultry, including
hatchers and hatchery air samples. They are rather susceptible to the effects of drying. Spread is
direct through the egg or indirect by the oral or respiratory routes and perhaps skin wounds.
S. zooepidemicus affects mainly mature chickens while the enterococci can cause disease in birds of
any age. Severity is always greater in embryos, young chicks and poults. Other factors probably
influence disease associated with these infections. A recent study compared enterococci recov-
ered from farms using antimicrobial feed additives with those where antimicrobials were not
used and found that the resident population of enterococci was not affected, but other studies
conclude that antimicrobials do affect resident populations.

A study of four outbreaks of enterococcal disease in broilers showed some degree of clonality
of isolates within flocks in three outbreaks, with either one or two dominant pulsed-field gel
electrophoresis (PFGE) types. However, different clones occurred between flocks. In a fourth
outbreak isolates were spread across six PFGE types.

Streptococci and enterococci can cause both septicaemic and localized infections in chickens,
turkeys, ducks, pigeons and other birds. Septicacmic streptococcal infection is probably more
common in ducks and pigeons than in other species.

Septicaemia

In chickens, septicaemia is most common in adults but may occur at any age. Birds may be
found dead. Usually there is marked depression with ruffled feathers, pallor or cyanosis of the
face and comb and bloodstaining of feathers around the head. Mortality can vary but may reach
50%. Egg production may fall and, in hatching eggs, there is late-embryo mortality.

Gross lesions include carcass congestion, splenomegaly and, more variably, hepatomegaly.
There may be serosanguineous fluid subcutaneously, in the pericardial sac or in the trachea.
Small necrotic foci from pinpoint to 1cm in diameter may be seen in the liver or occasion-
ally in the kidney. In more chronic cases there may be fibrinous pericarditis, perihepatitis and
pneumonia.

S. bovis/gallolyticus is a common cause of septicaemia in pigeons and S. bovis septicaecmia has
also been reported in ducks and occasionally in turkey flocks. It is possible that at least some
of these cases may have been caused by S. gallolyticus. These streptococci are associated with
increased mortality, enlarged mottled spleens and dark livers, which may have multifocal necro-
sis. S. bovis (gallolyticus) is common in the intestinal tract of pigeons but uncommon in other
species. This may be of epidemiological significance.

Cellulitis

Cellulitis has become an important cause of carcass condemnations. Affected birds usually
appear healthy, but when the feathers are removed, areas of skin may appear thickened or dis-
coloured (‘waflle skin’). Caseous plaques, which may be quite extensive, can be found under the
skin. Streprococcus dysgalactia has been recovered from dermatitis/cellulitis lesions together with
E. coli in both chickens and turkeys.
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Fig. 17.2 Discrete focus of necrosis (malacia) associated with Enterococcus hirae infection in brainstem of a chicken.
Bar = 625pm.

Encephalomalacia

There have been several reports of mortalities due to encephalomalacia associated with
Enterococcus hirae or Enterococcus durans infections. This occurs from 3-12 days of age and a
morbidity rate of up to 4% has been reported. Affected chicks may be found dead or exhibit
nervous signs (torticollis is common). Malacic lesions are found most commonly in the brain-
stem and lesions may be up to 5mm in diameter (Fig. 17.2). There is a recent report describing
for the first time, the presence of typical lesions and recovery of bacteria from the optic lobe and
cerebral peduncles. Encephalomalacia suggestive of enterococcal infection accounted for 22% of

all histologically diagnosed brain disorders of broilers in one US study.

Endocarditis

E. hirae has been recovered from lesions of vegetative endocarditis in young birds, while
Enterococcus faecalis has been recovered from similar lesions in older birds. S. gallinaceus, S. equi
subsp. zooepidemicus, Enterococcus faecium and E. durans have also been recovered from cases of
endocarditis in chickens.

Bone and joint disorders

E. faecalis was commonly recovered from amyloidotic joints of chickens, and amyloid arthropa-
thy has been reproduced experimentally by infecting with E. faecalis. Enterococcus cecorum has
been recovered from a case of bacterial chondronecrosis with osteomyelitis in broiler chickens.

DIAGNOSIS

With the possible exception of E. hirae-associated encephalomalacia, the clinical signs and
lesions are not specific for streptococcal or enterococcal infection. Congested carcasses with
hepatomegaly and splenomegaly may suggest a septicaemic infection but other bacteria such
as staphylococci, Pasteurella, Erysipelothrix and E. coli may produce similar signs and lesions.
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Enterococcus-associated encephalomalacia must be differentiated from encephalomalacia associ-
ated with vitamin E deficiency. Cerebellar lesions are consistently present in the latter (often
evident grossly) but are uncommon in the former.

Diagnosis is dependent on demonstration of the causal organism. Demonstration of Gram-
positive cocci in smears from blood, liver, spleen or other lesions may be helpful but culture and
identification of the organism is necessary to confirm a diagnosis. S. equi subsp. zooepidemicus
is B-haemolytic while S. bovis is nonhaemolytic. Most grow in selective media containing 6.5%
NaCl (S. bovis is an exception) and may then be distinguished from staphylococci by their nega-
tive catalase reaction.

A number of drugs, such as the quinolones, penicillins, macrolides and the tetracyclines, have
been of value in treatment of the acute disease. Isolates should be subjected to sensitivity tests
in support of treatment. In view of concerns about acquisition of antibiotic resistance by organ-
isms causing disease in humans, there are many published studies examining resistance pat-
terns (particularly to vancomycin) of enterococci recovered from food animals fed antimicrobial
growth promoters.

A'S. gallolyticus strain of low virulence failed to immunize pigeons against strains of high viru-
lence of the same serotype, indicating that serotype-specific antigens do not induce a protective
response.
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Clostridia

Four disease conditions involving mainly one of four clostridial species (Clostridium perfrin-
gens, Clostridium colinum, Clostridium botulinum and Clostridium septicum) are described in
this chapter. Although a number of other clostridia (Clostridium chauvoei, Clostridium difficile,
Clostridium fallax, Clostridium novyi, Clostridium sordelli and Clostridium sporogenes) have been
associated with disease in poultry, this chapter will focus on those conditions that are considered
of major importance.

Clostridia are large, Gram-positive, rod-shaped, toxin-producing bacteria that are anaer-
obic and can produce endospores as a means of survival. They are ubiquitous worldwide, being
found in soil, dust, animals and insect larvae. They are frequently found in low numbers in
the intestinal tract of normal birds. Factors that predispose to outbreaks of disease in a flock
are important. These factors include management, nutrition and environmental conditions.
Overcrowding of birds kept on litter, predisposing feed factors and inadequate hygiene routines
are the main issues.

Increasing restrictions on the use of in-feed antimicrobials in Europe and other regions has
changed the status of C. perfringens-associated necrotic enteritis in poultry, especially broilers,
from one of history to one of emerging importance. Developing a nonantibiotic preventive
strategy against this disease is one of today’s major challenges with regard to poultry health and
welfare.

CLOSTRIDIUM PERFRINGENS (NECROTIC ENTERITIS
AND HEPATIC DISEASE)

The two most well-known forms of C. perfringens-associated disease in poultry are necrotic
enteritis and cholangiohepatitis.

Necrotic enteritis is found worldwide, and is a disease of increasing importance owing to ever-
increasing restrictions on the preventive use of in-feed antimicrobials. Clinical disease may have



devastating effects on production. Milder forms, including subclinical disease, are more com-
mon, and may exert a significantly negative impact on production.

The most common form of C. perfringens-associated liver disease is cholangiohepatitis. C. per-
fringens has also been implicated in wet litter problems and impaired production performance
but without the detection of specific lesions.

Cause

Toxin types A and C of C. perfringens have been associated with necrotic enteritis although most
cases appear to be caused by type A. Although several molecular subtypes of C. perfringens may
be present in healthy flocks and even in flocks with subclinical necrotic enteritis, only one or a
few subtypes seem to proliferate in flocks affected by clinical disease.

Subtypes isolated from affected birds in different flocks may differ, and it has not yet been
possible to relate any specific subtype to disease induction.

C. perfringens toxin type A has been isolated from livers of birds with cholangiohepatitis.

Hosts

Necrotic enteritis is most common in broiler chickens, young replacement broiler breeders and
young meat turkeys. Broilers aged 2—5 weeks are most frequently affected. The disease is also
regularly found in layers, mostly in pullets and young birds kept on litter.

Necrotic enteritis has been reported in farmed ostriches, captive capercaillies, wild geese
and wild crows. It has also been reported in domestic geese and ducks but the involvement of
C. perfringens has not been well documented. C. perfringens-associated liver disease has appar-
ently only been reported in chickens.

In humans C. perfringens toxin type C-associated necrotizing enterocolitis mainly affects
severely protein-deprived populations in poor countries or more rarely, susceptible individuals
in the developed world. A few cases of toxin-type-A-associated necrotizing enterocolitis in pre-
viously healthy adults have been reported. See also section on Public health considerations.

Spread

C. perfringens type A is ubiquitous in nature. It is commonly found in intestinal contents of broiler
chickens from 2 weeks of age and throughout the rearing period. It is also found in environmental
samples from within and outside the chicken house before placement and during rearing, on cages
used for transportation of birds to the slaughterhouse and in carcasses. This organism is able to
grow faster than most other pathogenic bacteria if the conditions are optimal. An in vitro gener-
ation time of 7 min at 41°C has been reported. C. perfringens is spore-forming and therefore able
to survive under variable environmental conditions for extended periods.

Horizontal transmission is assumed to be the significant means of dissemination but findings
have been published suggesting that even vertical transmission is a possibility. Molecular subtyp-
ing of C. perfringens isolates suggests that organisms contaminating the processed product could
originate from the poultry environment prior to grow out. Further, C. perfringens may be trans-
mitted between facilities within an integrated broiler chicken operation. Spread within a flock
kept on litter predominantly takes place via the faecal-oral route but flies are also suspected to
be of importance as mechanical vectors. Another potential source of infection is feed, which
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may be contaminated despite pelleting and heat treatment. Fish meal is considered a particularly
likely source of C. perfringens contamination.

The incidence of cholangiohepatitis shows a striking parallel with the incidence of necrotic
enteritis, which suggests that this is another manifestation of clinical or subclinical necrotic
enteritis and that the sources of infection are the same.

Influencing factors

The risk of necrotic enteritis is low when birds are kept on wire floors or other types of hous-
ing that minimizes their contact with faeces. However, if other predisposing factors are present,
necrotic enteritis outbreaks occasionally appear even in birds kept on wire floors.

Data have been published suggesting that low-level maternal immunity against C. perfringens
is associated with an increased risk of necrotic enteritis in broiler chickens. Birds are likely to
be particularly susceptible during the time when maternal antibodies have waned and the level
of actively produced specific antibodies is still low. Published data suggest that broiler offspring
from young parent hens have lower levels of maternal antibodies against C. perfringens than
chicks derived from older parents.

Commonly used dietary protein sources of animal origin (e.g. fish meal, meat and bone meal
and feather meal) seem to be associated with a higher risk of necrotic enteritis than some rele-
vant protein sources of plant origin (e.g. soy protein concentrate). These differences between
feed ingredients have been correlated with dietary glycine levels, and experiments have estab-
lished a direct causative link between dietary glycine level and C. perfringens counts, suggesting
that high levels of glycine may be a predisposing factor for necrotic enteritis. High levels of
crude dietary proteins may also be a risk factor.

Several studies indicate that maize-based diets may contribute to the prevention of necrotic
enteritis, and that maize compares favourably with wheat, barley and rye in this respect. The mech-
anism behind the effect of cereal type on C. perfringens and necrotic enteritis is not established.

There is experimental evidence suggesting that dietary fat may be of importance. Intestinal
counts of C. perfringens in soy-oil-fed broilers were lower than in broilers fed a mixture of lard
and tallow. Feed structure may also be of significance. Whole-wheat feeding has been reported
to lower the pH of gizzard contents and to reduce intestinal counts of C. perfringens.

Mucosal damage induced by coccidia, in particular Ejmeria species that colonize the small intes-
tine, is an important predisposing factor. Although Eimeria tenella does not induce lesions in the
small intestine where necrotic enteritis lesions usually develop, caecal coccidiosis may increase the
shedding of C. perfringens and consequently the contamination of the bird environment.

Management is assumed to be particularly important with regard to a multifactorial disease
such as necrotic enteritis. Management is an integral part of an ill-defined factor often desig-
nated the ‘farm effect’. This has been shown to be significantly associated with C. perfringens-
associated health problems in commercial broilers. More work is needed to increase our
knowledge of the effect of specific management factors on C. perfringens and necrotic enteritis.

DISEASE

Pathogenesis

‘The pathogenesis of necrotic enteritis is incompletely understood. The presence in the intestine of
C. perfringens alone is not sufficient to induce necrotic enteritis. The following two requirements



for induction of necrotic enteritis have been proposed: (1) the presence of some factor caus-
ing damage to the intestinal mucosa, and (2) the presence of higher than normal numbers of
intes-tinal C. perfringens organisms. If these two requirements are fulfilled, lesions may develop,
often starting at the tips of the villi. Bacterial cells adhere to damaged epithelium and denuded
lamina propria where they proliferate and induce coagulative necrosis. Attraction and lysis of
heterophil granulocytes as well as further tissue necrosis and bacterial proliferation proceed rap-
idly. The alpha toxin, a necrotizing toxin produced by all the toxin types, has been assumed to
be an important virulence factor involved in this process. This toxin destroys cell membranes
by recognition and hydrolysis of membrane phospholipids. Toxins may also enter the blood
stream, causing systemic effects and death. The potential role of toxins other than alpha toxin
has not been documented so far.

In the pathogenesis of cholangiohepatitis, which is poorly understood, it has been pro-
posed that C. perfringens or its toxins may reach the liver via the portal blood or via the bile.
Cholangiohepatitis, which is the most common form of C. pe;ﬁz’ngm;—associated liver disease,
has been reproduced experimentally by inoculation of C. perfringens into the hepatoenteric bile
duct or by ligation of both bile ducts. These results suggest that C. perfringens organisms and/or
toxins may reach the liver and lead to bile stasis and inflammation of the biliary tract.

Clinical signs

Clinical signs are variable and nonspecific. Acute necrotic enteritis is characterized by increased
mortality but few visibly sick birds, indicating that affected birds die rapidly. Clinical signs in
birds from outbreaks with a more protracted course include depression, decreased feed intake,
reluctance to move, ruffled feathers and diarrhoea. The mildest form of necrotic enteritis induces
no visible illness of the birds but is associated with temporarily reduced weight gain, impaired
feed conversion ratio and increased condemnation rates at slaughter due to liver lesions.

Cholangiohepatitis is usually detected at slaughter or as an incidental finding during necropsy
of birds collected during the rearing period. In each flock with a given number of birds affected
by the disease, a much higher total number of birds have, most probably, been affected by sub-
clinical and possibly clinical necrotic enteritis during the rearing period.

Lesions

Gross lesions

The characteristic gross lesion of necrotic enteritis is a pseudomembrane attached to the intes-
tinal mucosa, primarily the small intestine. The mucosa of the caecal pouches are not changed
but the caecal tonsils and adjoining narrow segments of the caeca may occasionally be affected.
The extension of the pseudomembrane is variable, from barely visible spots affecting some
villi to diffuse necrosis of the entire mucosa. The pseudomembrane may be partly or entirely
detached from the viable mucosa, leaving behind a depression or a more extended smooth sur-
face that on first sight may appear normal. Haemorrhage and hyperaemia may or may not be
associated with the mucosal lesions. The pseudomembrane may be white, yellow, green, brown
or red. A yellow or green discoloration is most commonly found. The affected gut segment may
be dilated and soft with fluid contents, or the gut wall may appear turgid and rigid with dry and
sparse luminal contents. A detached pseudomembrane is occasionally found in the gut lumen.
The contents of the caecal pouches are often dark and dry.

Birds dying with necrotic enteritis often show a dark liver with dilated gall bladder, pale kidneys
with prominent lobular outlines, and dark and dry pectoral musculature indicating dehydration.
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The body condition depends on the course of disease. Birds dying with acute necrotic enteritis
are in good bodily condition.

Three main types of liver lesion may be found. The most common and most characteri-
stic is cholangiohepatitis. Livers with the second type of lesion show light, randomly localized
nodules (focal necroses and granulomas) of the liver parenchyma, and the third and most rare
type is massive liver necrosis causing a smaller or larger part of a liver lobe to be homogeneously
discoloured.

Cholangiohepatitis may affect both the extrahepatic and intrahepatic segments of the bil-
iary tract. The extrahepatic bile ducts may be swollen and discoloured. The gall bladder may
be oedematous, necrotic and discoloured, and may contain discoloured and inspissated bile.
Inflammation of the extrahepatic biliary tract may be transmural and affect adjoining serosal
surfaces. Inflammation of the intrahepatic biliary tract may be associated with the appearance of
small, light islets with an irregular outline surrounded by a more normally coloured liver paren-
chyma. These islets are visible beneath an unaffected capsule covering a smooth liver surface.
The liver parenchyma is often swollen, with a slightly yellow appearance. The liver texture is
often hardened. The carcass may show ascites and yellow discoloration of body fat.

Microscopic lesions

The characteristic microscopic lesion of necrotic enteritis is an aggregation of large, Gram-positive,
rod-shaped bacteria surrounded by necrotic tissue delineated from viable tissue by a zone of
granulocyte infiltration containing pyknotic cell nuclei. The lesions are usually located within
the lamina propria of the gut mucosa. The least extensive lesions are limited to focal necroses
comprising some epithelial and stromal cells on the villus tips. The deepest lesions may even
affect the muscular wall of the gut.

The principal lesions of cholangiohepatitis are necrosis and inflammation mainly associated
with the biliary tract. Acute changes include Gram-positive rods or bile-like pigments sur-
rounded by necrotic tissue. Degenerative lesions are usually accompanied by periportal inflam-
matory cells, including cells inducing granulomas. Bile ductule proliferation is a prominent
feature in subacute to chronic lesions.

The gross lesions of C. perfringens-associated necrotic enteritis are usually diagnostic. In case
of doubt, the diagnosis may be supported by bacteriology (including examination for C. coli-
num; see differential diagnosis below), histopathology and examination for coccidia. Specimens
should be collected from the intestinal lesions or (for bacteriology) from intestinal contents. On

a routine basis examination for C. perfringens on blood agar plates is an adequate support of a
presumptive diagnosis based on pathology. However, a positive identification of C. perfringens
requires more specific methods.

If subclinical necrotic enteritis is suspected, quantitative examination of freshly voided faeces
may be of value, but inspection of the intestinal mucosa of randomly sampled birds immedi-
ately after properly executed killing is the preferable method. Enumeration may be based on
cultivation or DNA-based methods. Procedures for DNA-based quantification of C. perfringens
in intestinal contents have been described. Intestinal contents and faeces from affected birds
usually contain more than 1 million C. perfringens organisms per gram, and often as much as
100 million per gram.



The gross lesions of cholangiohepatitis are usually diagnostic and the diagnosis is supported
by detection of C. perfringens in the gall bladder.

Differential diagnosis is essential. Coccidia are often involved in field cases, as evidenced
by the presence of oocysts in smears prepared from the intestinal mucosa. In chickens, severe
lesions induced by Eimeria brunetti are similar to those of necrotic enteritis. Gut lesions induced
by other pathogenic Eimeria spp. in chickens are distinct from those of necrotic enteritis,
although lesions induced by E. acervulina may at first glance appear similar to mild focal lesions
induced by C. perfringens.

Ulcerative enteritis caused by C. colinum induces lesions in the caeca, liver and spleen, which
are uncommon in birds with necrotic enteritis. Peritonitis, caused by transmural gut lesions, is
another feature of ulcerative enteritis that is not found in birds with necrotic enteritis.

In turkeys, gross gut lesions of viral haemorrhagic enteritis may be similar to those of necrotic
enteritis but the pale carcass and bloody gut contents commonly found in haemorrhagic ente-
ritis are not typical of necrotic enteritis. Turkeys with haemorrhagic enteritis show splenic cells
with intranuclear viral inclusions, which are not found in birds dying with necrotic enteritis.

Liver lesions caused by congestive heart failure may appear similar to those of cholangiohepa-
titis. Occasionally, cases with a regular pattern of pale lesions beneath the liver capsule are found
in both conditions but with congestive heart failure there is usually a fine reticular pattern of
pale bands differing from the pale islets seen in cases with cholangiohepatitis. The two condi-
tions are in most cases easily distinguished by examination of the right ventricle of the bird’s
heart. In cases of doubt histopathology will help differentiate between lesions primarily associ-
ated with the biliary tract (cholangiohepatitis) and lesions located mainly to the periacinar zone
of the liver (congestive heart failure).

The most important way of controlling necrotic enteritis is through prevention.

Up to now the use of in-feed antimicrobials has been the single most important preventive
measure against necrotic enteritis. From a legislative point of view, this group of feed additives
comprises two subgroups. These are antibiotic growth promoters and anticoccidials. From 2006
approval of antibiotic growth promoters for use as feed additives for poultry has been with-

drawn by European Union legislation. However, in-feed anticoccidials are still in use and iono-
phorous anticoccidials remain an important preventive measure against necrotic enteritis.

Prevention of coccidiosis remains an important factor and may be achieved by use of in-feed
anticoccidials or anticoccidial vaccination. If coccidiosis is implicated, a modified prevention
method for coccidiosis should be considered. The ionophorous anticoccidials are generally very
effective against C. perfringens. If resistance among the coccidia is of no concern, these anticoc-
cidials are therefore a good alternative.

Increasing restrictions on the use of in-feed antimicrobials have promoted the interest in
nonantibiotic measures against necrotic enteritis. Nonantibiotic feed additives and oral treat-
ments that have been proposed as potential preventive measures include probiotics or com-
petitive exclusion products (defined and undefined microbial cultures), plant-derived products,
nondigestible compounds assumed to promote a healthy gut flora (prebiotics), supplementary
enzymes and acids. Promising effects in terms of suppressing growth of C. perfringens, and in
some cases also a preventive effect on necrotic enteritis, have been reported for products within
all of these groups of oral treatments but so far no single alternative measure as effective as the
in-feed antimicrobials has been found.
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Management and hygienic precautions are likely to be of major importance but exact know-
ledge about the significance of specific measures is scarce. Wood shavings may be superior to
straw as litter material and keeping the litter dry and soft is likely to be favourable. Nipple
drinkers may reduce the risk of C. perfringens transmission. A period of restricted feed intake
may be beneficial in birds at particular risk, for example birds with low levels of specific
antibodies.

If possible, major feed ingredients and nutrient contents should be selected on the basis of
known risk factors associated with the birds (age, immunity, strain), their environment (housing
conditions, farm history) and management (feeding regimen, lighting programme, stocking dens-
ity). Lowering in-feed inclusion rates of animal fats, certain cereals (e.g. wheat and barley) and
proteins (in particular animal proteins, including fish meal) should be considered in flocks at par-
ticular risk. The use of whole grain (e.g. whole wheat instead of ground wheat) may exert a preven-
tive effect. Avoiding excessive heat treatment during feed processing and checking feed ingredients
for C. perfringens should be considered if problems with a particular feed mill are suspected.

Vaccines against necrotic enteritis in poultry are not yet available but experimental work sug-
gests that vaccination may become a significant contribution to the preventive efforts.

Treatment

Patterns of resistance against antimicrobials may vary with time, region and even farm. The
antimicrobials of choice for therapeutic treatment are the penicillins, including amoxicillin.
According to a recent report from Belgium, all C. perfringens strains tested were also sensitive to
tylosin. Variable degrees and frequencies of resistance to tetracyclines have been found.

C. perfringens type A food poisoning is, in most cases, caused by isolates carrying a chromo-
somal enterotoxin gene (cpe). This is the most common public health problem caused by C.
perfringens and has been associated with the consumption of meat, including poultry, that has
not been handled properly. Studies have shown that enterotoxigenic strains coexist in poultry
meat in relatively low numbers with much higher numbers of nonenterotoxigenic C. perfrin-
gens type A strains. More work is needed to assess clearly the importance of poultry meat in
C. perfringens-associated foodborne disease in humans. See also the section on Hosts, above.

CLOSTRIDIUM COLINUM (ULCERATIVE ENTERITIS)

Ulcerative enteritis occurs worldwide. The disease is of particular importance in quail and game
birds in confinement. Ulcerative enteritis is not a commonly diagnosed disease in commercial
chickens and turkeys in Europe today.

Cause

'The causal organism is Clostridium colinum, an anaerobic spore-forming bacterium with fastidi-
ous in vitro growth requirements.



Hosts

A wide range of avian species are affected. Quail, in particular bob-white quail, are among the
most susceptible species. Chickens, turkeys, pheasants, partridges, grouse and pigeons are also
affected. Broiler chickens and layers are susceptible. In chickens and turkey poults, birds 3—-10
weeks of age are most commonly affected. Waterfowl do not seem to be affected and infection
of humans has not been reported.

Spread

C. colinum is ubiquitous in nature and is excreted in large numbers in the faeces of affected
stock, which are an important source of infection. The spores result in persistent contamination
of premises after an outbreak.

Influencing factors

Influencing factors appear to play an important part in the production of disease. They include
coccidiosis, immunosuppressive factors such as infectious bursal disease, chick anaemia virus
and others, and overcrowding and inadequate hygiene. Keeping chickens on wire floors has
been reported to be preventive.

Clinical signs

In acute disease there may be increased mortality without any obvious signs. In other cases signs
may include depression, huddling with ruffled feathers, anorexia and watery droppings.

Lesions

Gross lesions

Birds dying with acute disease show good condition and may have feed in the crop. More pro-
tracted disease may lead to emaciation. The most important lesions are found in the intestine, liver
and spleen.

There are small, circular to lenticular mucosal ulcers affecting the small intestine, caeca and
upper large intestine. The ulcers may penetrate as deep as the serosa, which may become perfo-
rated and result in peritonitis. The ulcers may coalesce to form large areas with a pseudomem-
brane. Small ulcers have a haemorrhagic border, which may be seen on the serosal and mucosal
surfaces. A haemorrhagic border is less frequently found in larger lesions. Lesions with raised
edges may also be found. Quail with acute disease may show haemorrhagic enteritis of the duo-
denum, with small red spots visible on the serosal surface.

Liver lesions are yellow—grey and of varying size. The spleen is often enlarged and haemorrhagic.

Microscopic lesions

Intestinal ulcers consist of small haemorrhagic and necrotic areas, often with clumps of Gram-
positive bacteria. The ulcers involve villi and extend into the submucosa. The ulcers sometimes
reach as deep as the muscular coat and serosa. Affected tissue is surrounded by granulocytes and
mononuclear inflammatory cells. Liver lesions consist of multifocal foci of coagulative necrosis
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that are often poorly demarcated and with minimal inflammatory reaction. Gram-positive bac-
teria are occasionally found within the necrotic foci.

Because of the fastidious in vitro growth requirements of C. colinum, intestinal and hepatic lesions
often form the basis of a presumptive diagnosis. A definitive diagnosis requires detection of the
bacterium in specimens from affected birds. The liver is the most suitable organ for isolating
C. colinum. Slide smears of liver and spleen tissues may be Gram-stained for detection of Gram-
positive bacilli, and subterminal and free spores. A direct fluorescent antibody test to demon-
strate the presence of C. colinum in cryostat sections of liver and intestine from chickens has been
published.

Differential diagnosis is important and C. perfringens-associated necrotic enteritis, coccidiosis
and histomoniasis should be differentiated from ulcerative enteritis. Histomoniasis is also associ-
ated with lesions in the caeca and liver but does not induce small intestinal lesions. Histological
examination of the caeca and liver will reveal histomonads.

Coccidiosis may precede ulcerative enteritis, or both conditions may occur simultaneously.
Coccidiosis and ulcerative enteritis require different medications.

C. perfringens and C. colinum may be present concurrently in diseased birds. Necrotic and
ulcerative enteritis have some similar intestinal lesions that may complicate the diagnosis, and
the possibility that both organisms are of importance in an outbreak cannot be ruled out. But
differentiation based on lesions will in most cases be possible (see Necrotic Enteritis, above).

Important preventive measures include avoiding coccidiosis, immunosuppressive viral diseases,
overcrowding, and inadequate hygiene. Keeping birds on a wire floor may be beneficial, unless
it is inadvisable for other reasons.

Outbreaks may be treated with numerous antibiotics added to the drinking water or feed,
including penicillins, streptomycin and tylosin.

CLOSTRIDIUM BOTULINUM (BOTULISM, LIMBERNECK)

Botulism is a worldwide disease that can affect a variety of birds, including broiler chickens, and

mammals, including humans. The disease is relatively rare in domestic poultry kept under good
standards of hygiene. Poultry are a potential source of botulism in cattle. The public health sig-
nificance of avian botulism outbreaks is considered minimal, but restrictions on sale of produce
for human consumption from flocks experiencing an outbreak of botulism may be an advisable
precautionary measure.

Cause

Botulism is caused by toxins produced by the bacterium Clostridium botulinum and there are
seven toxin types (A—G). Botulism in birds is caused by toxin types A, C, D and E, with type C



the most common cause. C. botulinum type C produces the neurotoxin C; and the enterotoxin
C,, although recent findings suggest that the neurotoxin of avian type C is a mosaic of neuro-
toxins from types C and D. The genes encoding neurotoxins C; and toxins from type D are
transmitted between bacterial strains by bacteriophages.

Hosts

Chickens, turkeys, pheasants and peafowl are susceptible to types A, B, C and E but not D or
E Ducks and pheasants are more susceptible to C; neurotoxin than chickens. Compared with
other toxins, C; and C, are more easily absorbed by chickens when given orally. Ostriches and
more than 100 wild avian species are susceptible to type C botulism, which may also affect pigs,
cattle, dogs, horses, minks, ferrets, mice, farmed fish and a variety of zoo mammals. Poultry
may carry C. botulinum type D without showing symptoms and may be a source of type C and
D botulism for cattle.
For botulism in humans, see the section on Public health considerations, below.

Spread

C. borulinum type C is present globally wherever large populations of wild and domestic birds
are found. Spread is favoured by the presence of the organisms in the gastrointestinal tract of
wild and domestic birds and the presence of resistant spores. Feed, drinking water and unused
litter do not seem to be important sources of infection or toxins for poultry, although C. botuli-
num type C was found in feed that had been given to an affected flock.

Faecal—oral transmission of bacteria and possibly toxins is an important means of spread
within a flock. Insects feeding on faeces have also been suspected as vectors. Carcasses of affected
animals have been implicated as a likely source of toxin within a flock. Toxic carcasses have also
been implicated in cases of botulism in wild birds. Fly larvae feeding on carcasses of affected
animals may transmit the disease as such maggots are devoured readily by chickens, pheasants
and ducks. Experiments have shown that ingestion of a single larva is enough to kill a 3-week-
old chicken.

Litter and faeces from infected flocks represent a potential source of infection for other domes-
tic and wild birds and mammals. This is illustrated by the reports on botulism in cattle associated
with the presence of contaminated poultry litter on pastures or in cattle feed.

Influencing factors

Predisposing factors are likely to be required for toxico-infectious (see Pathogenesis section,
below) type C botulism to occur in broiler chickens. The risk of botulism is increased if the
birds have access to faeces. In an experimental infection, birds kept on a wire floor remained
healthy, whereas birds kept on litter became ill 3 days after challenge. Access to decaying car-
casses is a significant risk factor. The bacterium is often present in the gut of healthy birds, and
toxins may develop in carcasses. As broiler chickens age, they become less susceptible to C,
toxin. Most outbreaks in broiler chickens occur between 2 and 8 weeks of age. Wound con-
tamination in association with caponizing has been suspected as a contributory factor to botu-
lism in broiler chickens up to 14 weeks of age. Outbreaks in poultry have been associated with
increased levels of iron in drinking water and feed; C. botulinum is favoured by increased avail-
ability of iron.

209 (I



I 210

2 | BACTERIAL DISEASES

Pathogenesis

Botulism can arise from ingestion of material containing preformed toxins or may be induced
by in vivo production of toxins by C. botulinum (toxico-infection). A toxico-infection may arise
from an infected wound or from a gastrointestinal infection. Intestinal toxico-infection is possibly
the most common disease form in commercial poultry flocks. This assumption is supported by
the facts that (1) a toxin-contaminated source is often difficult to identify during outbreaks; (2)
the growth temperature for toxin types C is optimal in the chicken gut; and (3) higher numbers of
C. botulinum spores have been found in litter from affected flocks compared with that from non-
affected flocks. Experimental findings indicate that toxin production takes place in the caeca. In
broiler chickens this toxin production is apparently not at levels sufficient to kill the birds; how-
ever, caecal droppings containing toxins may be ingested by birds with access to faeces. It has been
proposed that disease may be induced through uptake of faecal toxins, which are activated and
absorbed in the small intestine.

The neurotoxins of C. botulinum become toxic through cleavage by proteases. They are trans-
ported from the gut via the blood or lymph to peripheral tissues, where transmission of nerve
impulses to musculature is blocked through interference with acetylcholine and paralysis is
induced. Cardiac and respiratory failures are common causes of death.

Clinical signs

Clinical signs, which depend on the level of toxin, range from subclinical disease up to 40%
mortality. Mortality may become very high in wild birds and in pheasants reared on game farms.
Flaccid paralysis is a predominant sign. Paralysis progresses cranially from the legs to include
wings, neck and eyelids. Reluctance to move and apparent lameness may be observed before the
birds become recumbent. The birds may drop their head on the floor using the beak as support,
or they may lie down with the extended and paralysed neck on the floor. Breathing difficulties,
quivering of feathers and ruffled hackle feathers may be seen. There may be loss of neck feathers
in chickens but not in turkeys. Bruised and reddish skin caused by feather picking may be seen,
as well as trauma caused by other birds trampling on recumbent individuals. Broiler chickens
may have diarrhoea with excess urates.

Lesions

There are no speciﬁc gross or microscopic lesions. Putrid ingesta, maggots or feathers
may be found in the crop. Stained tail and vent feathers associated with diarrhoea may be
observed.

A presumptive diagnosis is based on clinical signs and lack of organ lesions. Eyelid paralysis is a
particularly useful sign but symptoms vary with the level of intoxication. A definitive diagnosis
is achieved by detection and typing of toxin in serum, crop or intestinal washings from diseased
birds. Serum is the preferred sample. Detection of toxin within tissues of dead birds does not



confirm botulism. Toxin may be detected using in vivo testing in mice or chemical, immuno-
logical or enzymatic methods. Sensitivity of the test method is a critical issue.

Isolation and characterization of C. botulinum from feed and environmental samples may
provide useful epidemiological data, but is of limited diagnostic value.

Mild forms of botulism must be differentiated from other causes of leg problems and para-
lytic symptoms, including other toxins (for example ionophorous poisoning).

Removal of potential sources of C. botulinum and its toxins from the environment is important.
Dead and diseased birds should be removed from the house frequently and regularly, and disposed
of in a way that denies access to carcasses by domestic or wild animals. Fly control is also of
importance. Used litter should be removed between growouts and disposed of in a way that mini-
mizes the access of domestic and wild animals to the litter. Pheasants have been successfully vac-
cinated with bacterin-toxoids.

No simple and effective means of treatment of poultry has been well documented. Treatments
with sodium selenite, vitamins A, D3 and E and antibiotics in feed or water have been reported
to be of benefit. Bacitracin, streptomycin, chlortetracycline and penicillin have been useful in
some cases but lack of effect of antibiotics (penicillin) has also been reported. Type C antitoxin
treatment has been used successfully in ostriches.

Although C. botulinum type C is thought to be common in poultry environments, thorough
cleaning and disinfection efforts are recommended in affected premises. The spores are very
resistant to heat but sodium hypochlorite, calcium hypochlorite, formaldehyde and iodophor
disinfectants are reported to reduce their numbers. A procedure with repeated disinfections
after cleaning may be useful. Attention should also be paid to outdoor areas as spores may be
located outside the poultry house and may be transported back into the facility after cleaning
and disinfection.

Humans are mainly affected by toxin types A, B, E and E Although botulism caused by types
A and E has been reported in poultry on rare occasions, these cases have generally been associ-
ated with the consumption of spoiled human food products fed to backyard chicken flocks. A
few cases of human disease associated with C. botulinum types C and D have been reported. At
present it seems unlikely that poultry produce represents a significant cause of human botulism
but a precautionary approach to food safety suggests that restrictions on the sale of such prod-
ucts from flocks experiencing an outbreak of botulism may be advisable. It has been suggested
that products from food animal herds/flocks exposed to botulism should be withheld from the
food chain until 2 weeks have elapsed since the last clinical case.

GANGRENOUS DERMATITIS (MALIGNANT OEDEMA,
CELLULITIS)

Gangrenous dermatitis occurs worldwide in chickens and turkeys. The syndrome is precipitated
by various detrimental microbial, nutritional and environmental factors.
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Cause

The two clostridia most frequently implicated are C. septicum and C. perfringens type A.
Staphylococcus aureus, either alone or as an additional pathogen, is involved in some outbreaks
and, rarely, C. novyi (oedematiens) and other clostridial organisms. When S. aureus is present
with a clostridial pathogen the disease is more severe than either alone.

Hosts

Gangrenous dermatitis affects chickens and turkeys and is most commonly seen in broilers of
about 4—7 weeks.

Spread

The organisms involved are ubiquitous and may be found in the intestine, in litter, in soil and
on the skin (Staphylococcus spp.).

Influencing factors

Gangrenous dermatitis is often precipitated by one or several of various predisposing factors.
These include:
e Skin wounds
® Immunosuppressive agents such as infectious bursal disease, chicken infectious anaemia,
reticuloendotheliosis, adenovirus infections, reovirus infection and Marek’s disease
® Nutritional deficiencies
e Inadequate nutrients (e.g. amino acids) for feather and skin growth
¢ Insufficient vitamin E for immunity and as an antioxidant; rancid fat in the diet increases
requirement for vitamin E
¢ Inadequate salt, which exacerbates fighting and skin damage
® Mycotoxicosis, with increased susceptibility to bruising and immunosuppression
® Management deficiencies allowing an increasing concentration of pathogens in the poultry
house and environment
* High stocking density
 Unhygienic housing and provision of feed and water
¢ Inadequate handling of litter and carcasses
¢ Inadequate cleaning and disinfection between flocks.

Clinical signs

The clinical signs include increased mortality, marked depression, incoordination of movement
and death within a few hours. The carcasses decompose rapidly with a foul odour. Mortality
varies from low to very high.



Gross lesions

The lesions are seen under the wings, between the thighs, over the ribs and flanks in the form of
reddened moist skin and oedema and inflammation in subcutaneous tissue. There is extensive
sloughing and red and swollen areas may be found on the feet, legs and occasionally around
feather follicles of the wings. Underlying muscle is usually discoloured and oedematous, and gas
is produced by the clostridial organisms. The kidney and liver are often congested and in some
birds the lungs are congested and oedematous and can resemble a mass of dark-red jelly.

Diagnosis is based on the presence of gross lesions and the demonstration of the pathogen(s),
which may include S. aureus. Diagnosis or determination of the underlying cause is desirable.

Squamous cell carcinoma of the skin of chickens may induce gross lesions similar to those of
gangrenous dermatitis, and histopathology may be necessary to differentiate.

Important management measures include a high standard of hygiene, avoiding overcrowding of
stock and the protection of the birds against immunosuppressive agents.
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Erysipelothrix
rhusiopathiae -
erysipelas

The disease caused by this ubiquitous bacterium is known as erysipelas except in human medi-
cine, in which it is known as erysipeloid. A variety of vertebrate and nonvertebrate species are
susceptible to infection and among domestic poultry its primary economic importance is as a
disease of turkeys, which seem to be most frequently affected. However, as a result of animal
welfare pressure in many European countries, table egg production in alternative production
systems, including free-range and organic production, has increased. Because of a lack of biose-
curity, disease problems have been increasingly reported for these systems including the re-emer-
gence of classical poultry diseases such as erysipelas, blackhead, Ascaridia galli and Dermanyssus
gallinae infections.

Cause

The causal agent, Erysipelothrix rhusiopathiae (insidiosa), is a Gram-positive, slender, rod-
shaped bacterium with a tendency to form long filaments. Although Gram-positive, the organ-
isms decolorize easily and may appear Gram-negative. They are facultative anaerobes, growing
between 5°C and 42°C. Erysipelothrix spp. are nonmotile, fermentative and catalase- and oxidase-
negative. H,S is formed in triple sugar iron agar. A characteristic ‘pipe cleaner’ type of growth
is observed in gelatin stab cultures incubated at room temperature for 2-3 days. At least three
species of Erysipelothrix have been reported of which only two have been named so far, E. rhu-
siopathiae and Erysipelothrix tonsillarum. However, only E. rhusiopathiae has been reported to
be pathogenic for avian species. Although 26 serovars of E. rhusiopathiae have been described, the

215 I



I 216

2 | BACTERIAL DISEASES

identification of other species of Erysipelothrix has led to confusion as to the correlation between
serovars and species of Erysipelothrix. The majority of outbreaks, however, seem to be caused by
E. rhusiopathiae serovars 1, 2 or 5.

The reservoir of E. rhusiopathiae seems to be domestic pigs but rodents, fish and birds are also
frequently colonized. Sporadic problems also occur in sheep. E. rhusiopathiae is widely distrib-
uted in the soil and surface waters of farms and in the sewage effluent of abattoirs.

Before it was made obligatory in some countries to dispose of pig slurry by burying, disease
outbreaks on turkey farms were reported subsequent to surface spreading of pig slurry, with pos-
sible associated acrosols. It is now generally accepted that the organism is not indigenous to the
soil and that its presence reflects contamination by infected animals or slurry. E. rhusiopathiae is
considered to be quite resistant to environmental influences.

Hosts

E. rhusiopathiae is ubiquitous in distribution and can infect a wide variety of vertebrate animals,
including humans and other mammals, birds, fish, reptiles, amphibians and insects. It is also
found subclinically in the mucoid slime of the scales of fish and in fish meal.

Although poultry of various ages can be infected the disease seems to be more common in the
later growth stage and in mature stock and is most common in turkeys. However, serious losses
have also been reported in chickens, ducks and geese following natural outbreaks of the disease.

Spread

In the spread of infection the source and portal of entry of the organism can be obscure but
there may be a history of indirect contact with pigs or sheep. Breaks in the mucous membranes
or skin have been suggested as portal of entry. Infection occurs more frequently in earth-floored
houses than in concrete-floored ones. Recovered birds can be carriers for several weeks and shed
the organism in their droppings. It is considered that some birds may be unaffected carriers.
Contaminated fish and fish meal and carcasses of infected birds can be sources of infection.
The role of vectors in transmission is unclear. It can also be spread during fighting among birds,
through vaccination and to females, particularly turkeys, during artificial insemination. Spread
from pen to pen may be very slow and adjacent pens may show no mortality.

Surprisingly, application of molecular methods for tracing sources of infection and investiga-
tion of genetic diversity among outbreak isolates has received little attention so far. Multilocus
enzyme studies and pulsed field gel electrophoresis have clearly indicated that the same serovar
represents enough diversity to allow these methods to be used in epidemiological studies.

Influencing factors

There seems to be little knowledge of influencing factors such as intercurrent infection with
other pathogens or management problems in the precipitation of disease. However, adverse
weather conditions and intestinal parasite injury have been coincidental in some outbreaks.

DISEASE

Pathogenesis

The route of infection is still unclear but infection from the environment through damage to
the skin or mucosal membranes has been suggested. The demonstration of multiple serovars in
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the same flock seems to indicate that intercurrent infections or management faults may precipi-
tate an outbreak. However, clonal outbreaks have also been observed and major differences in
mortality during outbreaks between serovars and within a given serovar seem to indicate consid-
erable variation in virulence, although the basis for the virulence of E. rhusiopathiae is not fully
understood. Production of neuraminidase, which cleaves a-glycosidic linkages of sialic acid, a
mucopolysaccharide on the surface of cells, has been suggested as a virulence factor in addi-
tion to possession of a capsule-like structure that confers resistance to phagocytosis. In addition,
genes that express heat-shock proteins have been identified. The impact of genetic resistance
remains to be investigated.

Susceptible avian species include wild birds, caged birds and domestic poultry consisting of
turkeys, ducks, geese, chickens, pigeons, emus and game birds. Disease may be acute or chronic.
Turkeys appear to be most susceptible but chickens may also be affected by the acute form,
while the infection in web-footed birds is often sporadic, persisting in a flock for several months
with individual or a few birds becoming affected at any one time.

Clinical signs

The onset of acute disease is sudden and birds are found dead or dying after a short, acute ill-
ness with depression and diarrhoea and sometimes an unsteady gait, and in some cases dark,
thickened skin over any part of the body. In turkeys there is cyanosis of the head with the snood
in males showing marked turgidity and being purple in colour. Ducks may show dark areas
of congestion of the web between digits. Mortality in a flock can range from less than 1% to
over 50%. Most sick birds die. Some recovered birds and those chronically affected may show
gradual loss of condition, drop in egg production and chronic lameness.

Lesions

Apart from the skin lesions associated with clinical signs there is congestion of the whole carcass
and especially the head and skin in turkeys. Internal lesions are those of a generalized septicae-
mia with congestion and petechial haemorrhages frequently in the myocardium, coronary fat,
epicardium, gizzard serosa, mesentery, abdominal fat, liver and pleura. Enlarged, friable, mot-
tled, congested livers, spleens and kidneys are frequently seen. Often, the whole liver is affected
by coagulative necrosis. Enteritis is seen in some cases in which there is a marked catarrhal
inflammation of the small intestine, dilatation and thickening of the walls of the proventriculus
and gizzard, and ulceration of the walls of the caeca with small, round, yellow lesions. The lungs
are normal in consistency but may be brown in colour. Chronic cases may show yellow, cauli-
flower-like, vegetative endocardial lesions and in lame birds a fibropurulent exudate in the joints.
Peritonitis, perineal congestion and haemorrhage have been observed in female turkeys follow-
ing insemination with contaminated material. In very acute cases there may be no gross lesions.

Diagnosis is based upon the history, signs and post-mortem picture, together with the isolation

and identification of the causative organism. Smears for Gram staining and swabs for culture
should be taken from tissue from several sites, including the liver, spleen, bone marrow and
heart blood. E. rhusiopathiae can be difficult to grow and carcasses have proved better sources
of the organisms than infected, live but sick birds. All inoculated plates should be left in the
incubator for 48h. A tentative diagnosis can be obtained by a Gram-stained smear of heart
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blood, liver or spleen, especially in peracute cases. Phenotypic identification is based upon cell
and colonial morphology, growth characteristics in nutrient gelatin, catalase and oxidase test,
hydrogen sulphide production in TSI and production of acid from carbohydrates. Differences
in acid production from sucrose and whole-cell protein profiling can be used for separation
of E. rhusiopathiae and E. tonsillarum. Several polymerase chain reaction (PCR) methods for
detection have been reported. Comparison of specificity and sensitivity, however, remains to be
carried out. Immunofluorescence may still be used in some laboratories. In differential diagnosis
consideration should be given to such conditions as fowl cholera, peracute Newcastle disease,
avian influenza and acute serohaemorrhagic colibacillosis.

Management

For prevention, the practice of a high standard of hygiene in management with and between
flocks is essential and carcasses should be removed from flocks as soon as possible. The contact
of poultry with pigs or sheep or infected poultry should be avoided, as should areas where these
have recently been kept. Rats and mice should be controlled and attention should be paid to

feed quality.

Vaccination

Vaccination of poultry species other than turkeys and free-range chickens is rarely practised. For
turkeys, vaccination using either bacterin or live vaccine is advised for sites where infection is
indigenous. For breeding turkeys at least two doses, at 4-week intervals, should be given before
the birds are 14 weeks old, or 2 weeks prior to the age when an outbreak usually occurs on the
premises. Replacement breeders may be given another dose just prior to onset of lay. For meat
birds, one vaccination may be sufficient.

These vaccines may stimulate nonspecific reactions to Mycoplasma gallisepticum and
Mycoplasma meleagridis serum plate agglutination tests; monitoring for these conditions should
therefore be avoided within a few weeks of vaccination.

Treatment

Most strains of E. rhusiopathiae are resistant to sulphonamides, gentamicin, kanamycin, neomy-
cin, vancomycin, novobiocin and polymyxins. The majority of isolates are very susceptible to
penicillins, cephalosporins, erythromycin and clindamycin in vitro and penicillins are the drugs
of choice for treatment. However, medication via the food or water usually fails to eliminate
infection but can give temporary respite. If the birds are shortly to be slaughtered, subcutaneous
injection into the back of the base of the neck with a mixture of procaine benzyl penicillin (pro-
caine penicillin; rapid-acting) and benzathine penicillin (long-acting), quickly brings an out-
break under control. However, care must be taken to observe the required antibiotic withdrawal
periods. In addition, catching and handling each bird may be impractical or even harmful. If
there are more than 2 weeks before the birds are due for slaughter, they should simultaneously
receive penicillin and a dose of inactivated erysipelas vaccine. Intramuscular injections should
not be given to meat birds in order to avoid producing abscesses or other blemishes in the car-
cass musculature.
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Human infections caused by E. rhusiopathiae may result in three distinct entities: erysipeloid,
generalized cutaneous infection and septicaemia. The most common of these is erysipeloid,
a localized infection usually on the fingers or hands. The septicaemic form, with or without
endocarditis, is very rare in nonimmunosuppressed hosts. This form may occur with or without
skin lesions. People at risk are those handling at-risk animals and animal products, and include
veterinarians and veterinary students.
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Avian
mycoplasmas

The mycoplasmas infecting birds belong almost exclusively to the genus Mycoplasma, although
members of the genus Acholeplasma are sometimes isolated and an avian Ureaplasma species has
been described. All belong to the class Mollicutes, which contains the smallest known prokary-
otes able to replicate in cell-free medium. Although the trivial name ‘mycoplasma’ is still used
for members of the class, the term ‘mollicute’ is considered more appropriate, with ‘mycoplasma’
being reserved for members of that genus.

The Mollicutes (Latin: mollis = soft, cutis = skin) are bounded by a thin membrane and lack
a conventional bacterial cell wall and any evidence of peptidoglycan synthesis. These properties
render them fragile in the environment but resistant to antibiotics such as penicillins and cepha-
losporins, which act on the cell wall. All mollicutes are readily killed by disinfectants and do not
survive for prolonged periods outside the host. They are thought to have undergone reductive
evolution, leaving them with a minimal complement of genes and considerable host depend-
ency. A complex medium is usually needed for laboratory culture and traditionally serological
reagents are needed for species identification.

As a group the avian Mycoplasma pathogens are responsible not only for clinical disease (usu-
ally respiratory or locomotory) but also for poor weight gain, reduced feed conversion efficiency,
reduced hatchability and downgrading at slaughter. Although classed as primary pathogens,
these mycoplasmas often cause greater damage when acting together with other pathogens or
when infecting a debilitated host.

There are currently 23 recognized avian Mycoplasma species (Table 20.1) but only Mycoplasma
gallisepticum, Mycoplasma synoviae, Mycoplasma meleagridis and Mycoplasma iowae have been
associated with significant economic losses in domestic poultry. The importance of the other
mollicutes, including those in the genera Ureaplasma and Acholeplasma, is less clear.
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. Table 20.1 | Mycoplasma species found in birds

SPECIES MAIN HOSTS*

M. anatis Duck, goose

M. anseris Goose

M. buteonis Buzzard

M. cloacale Turkey, goose

M. columbinasale Pigeon

M. columbinum Pigeon

M. columborale Pigeon

M. corogypsi Vulture

M. falconis Falcon

M. gallinaceum Chicken, pheasant, partridge
M. gallinarum Chicken, turkey

M. gallisepticum Chicken, turkey, pheasant, partridge, songbirds’
M. gallopavonis Turkey

M. glycophilum Chicken, pheasant, partridge
M. gypis Vulture

M. iners Chicken, turkey, pheasant, partridge
M. iowae Turkey, chicken

M. imitans Goose, duck, partridge

M. lipofaciens Chicken, turkey

M. meleagridis Turkey

M. pullorum Chicken, pheasant, partridge
M. sturni Starling (European)

M. synoviae Chicken, turkey

Several Acholeplasma spp. and Ureaplasma gallorale have been isolated from birds; their
significance is unknown.

* Indicates more common host(s) but not current prevalence. 1 Several other species are
isolated sporadically from songbirds.

MYCOPLASMA GALLISEPTICUM

Disease associated with M. gallisepticum has probably existed in chickens and turkeys for many
years but intensive management synchronized and exacerbated the pathogenic effects and
hastened its recognition. M. gallisepticum typically causes chronic respiratory disease in chick-
ens and conjunctivitis and sinusitis in turkeys and game birds. The disease tends to run a long
course and morbidity may be high, although without complicating factors mortality is low. M.
gallisepticum has been recognized as a pathogen in North American finches and causes conjunc-
tivitis, sinusitis and rhinitis.

M. gallisepticum probably occurs in all countries where poultry are kept, although the pri-
mary breeding companies maintain M. gallisepticum-free stock. In countries with well-developed
poultry industries, most commercial breeding flocks are also M. gallisepticum-free and ‘breaks
in such flocks are generally sporadic. The organism is more difficult to control on continuous
production sites and remains a problem for some table egg producers. The infection in finches
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reached epidemic proportions, extending throughout the eastern USA and into Canada, but evi-
dence of spread to or from poultry is lacking.

The economic impact of M. gallisepticum is widely acknowledged but figures are difficult to
obtain. In addition to overt disease, the infection causes reduced feed conversion efficiency, down-
grading of broilers and turkeys at slaughter and suboptimal egg production in layers. Infections
during lay can cause egg production losses of between 10% and 20% in layers for periods of up
to 1 month. Chronic infection without overt clinical disease may cause the loss of 5-20 eggs per
hen. In breeders the infection may necessitate slaughter of valuable flocks and even suspicion of
infection in such flocks may result in export restrictions for eggs and progeny. Other costs include
treatment, laboratory diagnosis and control measures such as increased biosecurity or vaccination.

Cause

M. gallisepticum is one of the ‘flask-shaped’ mycoplasmas, possessing a specialized tip structure
by which it attaches to respiratory epithelium. Lipoproteins involved in attachment have been
identified on the surface of M. gallisepticum that exhibit considerable variation in the expression
of their surface antigens, a phenomenon that is believed to play an important role in the disease
process (see below).

M. gallisepticum strains vary in virulence, a property that is readily lost by laboratory passage.
Some strains may be poorly antigenic and they may also vary in tropism, although epithelial
surfaces, especially the respiratory epithelium, are the main targets. Strains can be distinguished
by molecular ‘fingerprinting’ of their DNA, sequencing specific genes or electrophoretic analysis
of their proteins. Strain typing can be useful in epidemiological tracing but there are no mark-
ers yet for virulence. M. gallisepticum is sensitive to common disinfectants, to extremes of pH
and temperature and to lysis by detergents. It is also susceptible to a number of antimicrobials,
including macrolides, pleuromutilins, aminoglycosides and fluoroquinolones.

Hosts

Chickens, turkeys, pheasants and partridges can probably be infected by M. gallisepticum at any
age, although the young or stressed bird seems more likely to develop clinical signs. M. gal-
lisepticum has been isolated from natural infections of ducks and geese in contact with infected
chickens, also guinea fowl, quail, peafowl, racing pigeons and an Amazon parrot. Budgerigars
are susceptible experimentally. The situation in free-flying birds is less clear but M. gallisepticum
has been isolated from tree sparrows in Japan, house sparrows in India and choughs in Scotland.
‘The North American epidemic in finches also affected other songbirds.

Little information is available on the influence of host breed or gender on M. gallisepticum
disease but male house finches are less likely to survive M. gallisepticum infection than females.

Spread

Spread of M. gallisepticum is both direct and indirect. It can be transmitted through the chicken
or turkey hatching egg to the offspring and the proportion of infected eggs probably varies
between individuals and with the stage of infection. Some infected embryos may die, especially
if the M. gallisepticum strain is virulent, but enough may hatch to disseminate the infection
among the progeny. Such transmission could occur in the hatchery. M. gallisepticum survives
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well in egg contents (allantoic fluid and yolk) highlighting the potential importance of egg
debris as a mode of indirect spread in the hatchery. Egg transmission is also important for avian
vaccine manufacturers using eggs or egg-derived cell cultures, since infection could contaminate
live vaccines and be widely administered to poultry.

Spread of M. gallisepticum within a flock occurs through close contact, probably as the result
of exhalation, coughing or sneezing of the organisms. It is therefore more likely to occur during
the acute phase of disease when M. gallisepticum populations are highest and birds with dam-
aged respiratory epithelium may provide a more favourable target for colonization. The rate of
spread also depends on factors such as flock size, stocking density, numbers of organisms and
perhaps the individual properties of the M. gallisepticum strain. There is evidence that M. galli-
septicum may not always spread to birds in adjacent pens and that pen walls may act as a partial
barrier against transmission.

The practice of introducing younger cockerels into breeding flocks (‘spiking’) should also be
considered as a potential risk. Testing cockerels for M. gallisepticum and M. synoviae infections
before transfer is a good precaution. Also, although not considered an important route, it is pos-
sible that venereal transmission might occur, since M. gallisepticum has been isolated from the
oviduct and semen of chickens and turkeys.

Routes of indirect contact are difficult to define but there is circumstantial evidence that
fomites, including windborne transmission, may play a role in spread of M. gallisepticum between
flocks. It can survive on some materials up to a few days. Of several materials tested, M. gallisep-
ticum survived best on feathers, human hair and cotton clothing. Thus humans and/or equip-
ment moving between premises without adequate precautions are potential carriers of infection.
Wild birds and vermin have not been conclusively incriminated.

Influencing factors

Much has been written on the role of other pathogens in M. gallisepticum disease. In the chicken
the viruses of Newcastle disease and infectious bronchitis (even live vaccine strains) may exacer-
bate the disease. Other pathogens reported to act synergistically with M. gallisepticum in chick-
ens are infectious [aryngotracheitis virus, reo- and adenoviruses, ]nfectious bursal disease virus
(IBDV) and Haemophilus paragallinarum. Less is known about the turkey but Avian pneumovi-
rus (APV) can increase the severity and duration of M. gallisepticum infection and influenza A
virus has been similarly incriminated. Of great importance in both hosts is the ability of patho-
genic strains of Escherichia coli to act synergistically with M. gallisepticum.

Other influencing factors include increased environmental ammonia, high levels of dust, poor
nutrition, immunosuppressive agents and social stresses associated with intensive management.

Pathogenesis

It is assumed that M. gallisepticum enters the respiratory tract by inhalation of aerosols or via
the conjunctiva but it is unclear how it overcomes the bird’s natural defences. Attachment to
avian cell surface glycoproteins is probably the first step. M. gallisepticum attaches to mucosal
cells by its terminal tip and motility may also play a part in colonization. The events that follow
remain obscure but M. gallisepticum has ciliostatic properties and it is likely that other factors
that impair ciliary activity, such as excessive ammonia or damage by other microorganisms, will
assist colonization. Adherence to host cells may interfere with the cell’s transport mechanisms,
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and furthermore M. gallisepticum is one of several mycoplasmas that secrete hydrogen peroxide,
which may impose oxidative stress on the host cell membrane. Although traditionally regarded
as pathogens of mucosal surfaces, recent evidence suggests that M. gallisepticum, like some other
mycoplasmas, may be able to invade cells. This could allow it to evade the action of antibodies
and some antimicrobials. One strain of M. gallisepticum (S6) can produce a neurotoxin, which
causes arteritis in turkey brain, and neurological signs have been seen, albeit rarely, in natural
infections.

It is now clear that M. gallisepticum has sophisticated ways of varying its surface antigens
(phenotypic switching) and that these changes may permit subpopulations to avoid the immune
response and persist in the host for long periods. Despite the very small number of genes, the
proportion dedicated to antigenic cell surface variation in M. gallisepticum is large and suggests
that phenotypic switching is important to its success as a pathogen.

Very little is known about the interactions of M. gallisepticum and the avian immune system
but some mycoplasmas have immunomodulatory effects on the cells of the immune system and
can suppress or stimulate B and T lymphocytes and the production of cytokines. They can also
increase cytotoxicity of macrophages, natural killer cells and T cells and can activate the com-
plement cascade.

There is thus insufficient information to explain how the lesions and clinical signs seen in M.
gallisepticum evolve from the cellular and molecular effects although many of the lesions seem
to result from the host immune and inflammatory response rather than direct effects of the
mycoplasma.

Clinical signs

Except for very young poults and chicks, the development of clinical disease may depend upon
the presence of other pathogens or stress factors, as indicated above. Uncomplicated infections
frequently cause no clinical signs or mortality, especially in chickens. The most common clinical
signs are respiratory in nature and may include nasal discharge, conjunctivitis, sneezing, moist
rales and breathing through the partly open beak. Nasal discharge is less severe in chickens than
in turkeys, in which sinusitis, with swelling of one or both infraorbital sinuses, may be suf-
ficiently severe to cause complete closure of the eyes. Nasal exudation frequently accompanies
sinusitis and the wing feathers of turkeys are often soiled where they have attempted to wipe
away the discharge. This is rarely seen in chickens. In both chickens and turkeys mild conjunctiv-
itis with frothy ocular exudate may be the only sign, or it may be the early stage of more severe
disease. If the air sacs alone are affected there may be no respiratory signs. Lowered egg produc-
tion may occur in layer chickens and turkeys. Other clinical signs are rare and include ataxia in
the turkey and swelling of the hock and lameness in chickens.

Lesions

Gross lesions of the respiratory tract may be almost imperceptible or consist only of excess
mucus or catarrhal exudate in the nares, trachea and lungs and oedema of the air sac walls.
Caseous exudate may appear later within the air sacs or on their walls. Distension of the infraor-
bital sinuses, particularly in turkeys, is caused initially by excess mucus, which may be replaced
later by caseous material. Where the disease is exacerbated by other pathogens the lesions are
more severe and prolonged, giving rise to a chronic condition. With E. coli infection in young
chickens of about 4-10 weeks old, especially those reared intensively, colisepticaemia may result,
with pericarditis, perihepatitis and respiratory disease, including air sacculitis. In encephalopathy
of turkeys there are no gross lesions and the rare instances of tenosynovitis and arthritis of chickens
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resemble the condition caused by M. synoviae. In salpingitis associated with M. gallisepticum,
caseous exudate occurs in the oviduct.

Laboratory methods are essential since M. gallisepticum infection cannot be diagnosed by cli-
nical signs or pathological lesions. The three approaches are: detection of specific antibodies,
isolation and identification of the organism and detection of its DNA. Of these serological test-
ing is most often used, particularly for regular screening of flocks.

The most commonly used test is probably rapid serum agglutination (RSA) using commer-
cial stained antigen, although several enzyme-linked immunosorbent assay (ELISA) kits are now
marketed. In the RSA test equal volumes of chicken or turkey serum and antigen are mixed at
room temperature and examined at 2 min for clumping of the antigen by specific antibodies. It
is most important that positive and negative control sera are included because antigens can vary
in their sensitivity and specificity. Poor-quality sera, sera from birds recently vaccinated with
oil-emulsion vaccines or birds recently infected with M. synoviae are just some of the causes of
nonspecific agglutination of M. gallisepticum antigen.

Since there is no international standard for interpreting RSA tests, laboratories develop their
own procedures to follow up suspect positive sera. One approach is to heat the sera at 56°C
for 30 min. If they still react, particularly after dilution to 1:5 or more, the flock should be
investigated further, which may mean a retest after 2-4 weeks. The flock and its progeny may
need to be placed in quarantine until a negative retest is obtained. The RSA test has never been
validated for use with serum from other avian species; neither is it suitable for detecting egg
yolk antibodies or maternally derived antibodies in young poultry because such antibodies are
mainly IgG and the test detects mainly IgM antibodies. Sera from day-old chicks or poults may
give more nonspecific positive reactions than serum from older birds.

Other serological tests are the haemagglutination inhibition test and the ELISA. Some diag-
nostic laboratories prefer the former but should be aware that this test is strain-specific and
therefore may be relatively insensitive. Several commercial ELISA kits are marketed and some
are approved by the United States Department of Agriculture for use in the National Poultry
Improvement Plan (NPIP). Some ELISAs appear to have similar problems to the RSA test with
regard to specificity and sensitivity. Kits designed for detecting chicken antibodies should be
validated before using with turkey sera. One kit is a blocking ELISA using a monoclonal anti-
body and should be usable with sera from any avian host.

The number of birds sampled will influence the accuracy of the results but in reality will
depend upon factors such as company policy, the type and value of the flock, export require-
ments and financial constraints. The European Union Directive 90/539/EEC, which governs
intra-Community trade in, and imports from third countries of, poultry and hatching eggs,
states that screening tests must be performed on a representative sample just before the onset of
lay and every 3 months thereafter. In order to detect infection at a prevalence of 5% with 95%
confidence 60 birds should be tested in flocks exceeding 5000 birds. At this prevalence, 90 birds
should be tested for 99% confidence of detection. A flock should be considered as birds housed
within a single airspace and testing should select birds randomly from all areas.

Flocks with clearcut positive sera might not be further investigated; however, for flocks
with dubious serological results or for valuable breeding flocks, attempts will be made to iso-
late M. gallisepticum or to detect its DNA. Samples for culture can be taken from live birds,
fresh carcasses, dead-in-shell embryos or chicks or poults that have broken the shell but failed to
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hatch (pipped embryos). Swabs may be taken from the choanal cleft, oropharynx, oesophagus,
trachea, cloaca and phallus of live or dead birds and exudates may be aspirated from the infraor-
bital sinuses and joints. After death samples may also be taken from the nasal cavity, air sacs
and lungs. Samples from embryonated eggs include the inner surface of the vitelline membrane
and oropharynx and air sacs of the embryo. It is helpful to dip swabs before use in Mycoplasma
broth as a transport medium, and it is imperative that samples are kept chilled and sent to the
laboratory by the fastest route. If mycoplasmas are isolated M. gallisepticum can be identified by
a variety of tests using specific antisera. Immunofluorescence, immunoperoxidase and growth
inhibition tests are most commonly used for this purpose.

Detection of M. gallisepticurn DNA is normally carried out by polymerase chain reaction
(PCR) on tracheal swabs. Several PCRs have been described using different primers and com-
mercial kits are available. At present PCR tests tend to be conducted in specialized laboratories
but they should be carefully validated before use. It is also now possible to carry out strain typ-
ing which may help in tracing the source of the M. gallisepticum.

The M. gallisepticum control strategy of many countries is based on maintaining Mycoplasma-
free breeding stock. M. gallisepticum-free stock became available some years ago following eradi-
cation programmes by the primary chicken and turkey breeding companies. However, despite
the high level of biosecurity practised by many commercial breeding companies, it has not
always proved possible to maintain freedom from Mycoplasma at the multiplier level. M. gal-
lisepticum infections are even less easily controlled in broilers and table egg layers, particularly
on continuous production sites. Therefore other measures such as antimicrobial treatment are
widely used and vaccination is practised in some countries. Thus there are several approaches to
control, depending on the type and value of the flock and the local circumstances (Table 20.2).
However, the practice of good management and hygiene is pivotal in all circumstances.

Eradication

Primary breeding companies successfully eradicated M. gallisepticum many years ago. This was
achieved by reducing egg transmission using either antimicrobial or heat treatment of eggs prior
to incubation. Heat treatment (to an internal temperature of 46°C over 11-14h) caused some
embryo mortality, particularly in turkeys. Antimicrobials were administered either by injection or
by ‘dipping’ using temperature or pressure differential. Since none of these treatments was guar-
anteed to kill all mycoplasmas, the hatched birds were reared in small groups under strict biosecu-
rity, monitored regularly for infection and discarded from the programme if found to be positive.

Routine control measures

M. gallisepticum-free primary breeding flocks are kept under very strict biosecurity and closely
monitored for early serological evidence of ‘breaks’. Some breeding companies ensure a 3-day
break between visiting an infected flock and contacting other poultry. Infected flocks are slaugh-
tered immediately and hatching eggs are withdrawn for disposal. M. gallisepticum infection at
the commercial breeder level may also be controlled by slaughter in some companies, although
antimicrobial treatment may be chosen by others. This will alleviate clinical problems but is
likely to allow some egg transmission, with consequent problems in the progeny.
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. Table 20.2 | Producer strategies for Mycoplasma infection

STRATEGY

Mycoplasma-free

Live vaccination
of parents

Killed vaccination
of parents

Strategic
medication

Do nothing

ADVANTAGES

Low input costs

No clinical signs in
parents and reduced risk

No clinical signs in
parents; only need to
vaccinate before
onset of lay

Low input costs

DISADVANTAGES

Constant concern about
introducing infection;
higher capital costs.
Danger from neighbouring
poultry industries. Cost of
monitoring programme

Possible positive antibody
and/or PCR status may be
incompatible with export;
may limit therapeutic
options around vaccination

Danger of silent infection
in parents being passed
horizontally to offspring

High cost of medication
and potential development
of resistance. Cost of
monitoring programme

High mortality and poor

performance in offspring;
increased condemnation

in broilers

COMMENTS

Good biosecurity needed; may
be possible to move from
positive to negative status with
vaccination. Need to decide
which mycoplasmas will be
controlled and actions to be
taken on Mycoplasma breaks

Must vaccinate before field
challenge. M. gallisepticum
and M. synoviae vaccines do
not cross-protect

M. gallisepticum and
M. synoviae vaccines do not
cross-protect

Parents, eggs and offspring
may need medication. Multiple
Mycoplasma species usually
controlled

Uncompetitive performance

PCR, polymerase chain reaction.

Antimicrobials used for M. gallisepticum infections include tetracyclines, macrolides, aminogly-
cosides, fluoroquinolones and tiamulin. These may be given by injection, in the drinking
water or in feed as appropriate, but should be capable of delivering suitable doses to these
mucosally located organisms. Antimicrobials that have additional activity against other bacteria
may be a good choice in some circumstances. Nevertheless it should be appreciated that treat-
ment will not eliminate all mycoplasmas and overuse may encourage emergence of resistant
strains.

Vaccination

The failure to control M. gallisepticum infection on continuous production sites has led to the
development of a number of vaccines, although vaccination is recommended only where field
exposure is considered to be inevitable. It is important to vaccinate before field challenge is
likely to occur. Live and killed vaccines are marketed and, despite the antigenic variation seen
among M. gallisepticum strains, vaccination with a single strain seems to be effective. Killed oil-
adjuvanted vaccines (‘bacterins’) have proved of value in protecting against egg production losses
in layers although they do not prevent infection. Two subcutaneous or intramuscular doses are
usually given to pullets for best efficacy. Bacterins have also been given to breeder pullets to
reduce the level of egg transmission.

The live vaccines, ts-11 and 6/85, have been introduced more recently. The former is a
temperature-sensitive mutant vaccine, which is given by eye drop. The latter is given by
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aerosol and both have proved effective, although in a dose-dependent manner. The ts-11 vaccine
persists in the chicken for long periods and can be used in combination with respiratory virus
vaccines. Strain 6/85 vaccine does not persist and may be difficult to recover after a few weeks.
Neither vaccine produces a consistent serological response but this should not be interpreted as
lack of protection. Currently no vaccines are marketed for turkeys or broilers.

MYCOPLASMA SYNOVIAE

M. synoviae disease was first described as ‘infectious synovitis’ in chickens and turkeys in the
USA, although nowadays M. synoviae tends to cause subclinical upper respiratory infection. It
may cause overt respiratory disease and air sacculitis if exacerbated by other respiratory patho-
gens. There is some debate about its effects on egg production. M. synoviae has been reported
from many countries. The primary breeding stock is M. synoviae-free but infections are seen
from time to time in commercial chicken and turkey breeding stock and appear to be particu-
larly widespread in commercial layers.

The economic importance of M. synoviae is not properly established because documented
evidence is lacking. Infected breeders are usually asymptomatic, although there are sometimes
reports of considerable impact on broilers. Its importance in layers is unclear, with descrip-
tions ranging from no effects to egg production losses of 5-10%. M. synoviae was not included
in the control measures stipulated by the European Community’s Directive 90/539/EEC,
although it is now included in the Office International des Epizooties (OIE) list of notifiable
diseases.

Cause

M. synoviae shares many characteristics with M. gallisepticum although there is little evidence
for an attachment organelle in M. synoviae and adherence probably occurs by some other mech-
anism. Haemagglutination is an inconsistent property of M. synoviae and may be explained by
the high-frequency, phase-variable expression of its lipoprotein haemagglutinins. The means of
generating diversity in the haemagglutinin gene family appears to be different from that in M.
gallisepticum and more complex. Strains may vary in virulence and tropism and the haecmag-
glutinin-positive phenotype has been shown to induce experimental synovitis in chickens more
readily than the negative phenotype. Molecular methods have been developed to distinguish
between strains of M. synoviae.

M. synoviae resembles M. gallisepticum in having a relatively short survival time outside the
host and in its susceptibility to detergents and disinfectants. It is also sensitive to a similar range
of antimicrobials but rather less so than M. gallisepticum.

Hosts

‘The main hosts are chickens and turkeys but natural infection has been reported in guinea fowl,
ducks, geese, pigeons, quail, pheasants and red-legged partridges. All ages of bird appear suscep-
tible. M. synoviae has also been isolated from house sparrows on infected farms in Spain.
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Spread

M. synoviae spreads vertically and horizontally as described for M. gallisepticum. Egg transmis-
sion rates are unpredictable and probably vary with strain and with the age at infection. Spread
within a flock is via the respiratory tract and is thought to be more rapid than M. gallisepti-
cum, although M. synoviae strains of low transmissibility have been reported. It seems likely that
factors which aid the spread of M. gallisepticum affect M. synoviae similarly. Routes of indirect
spread between flocks are largely unknown and may involve windborne and fomite transmission
as well as intermediate hosts.

Influencing factors

Although less studied in M. synoviae than M. gallisepticum, available evidence indicates that simi-
lar predisposing factors play an important role in exacerbating disease, especially of the respira-
tory system.

Pathogenesis

M. synoviae enters via the respiratory tract and some strains appear to cause ciliostasis. As with
M. gallisepticum little is known of the events that follow but a multigene family is respon-
sible for variation in the size and expression of membrane antigens and may help M. synoviae to
evade the immune response and persist for long periods. Haematogenous spread can occur, lead-
ing to infection of the joints, and experimental work indicates that thymus-dependent lympho-
cytes are necessary for the development of macroscopic joint lesions.

Clinical signs

M. synoviae infections in chickens and turkeys frequently occur without clinical signs. When
signs are seen they may be respiratory or arthritic but these are not mutually exclusive. The
incubation period may be relatively short in young birds and the respiratory tract of every bird
may become infected although the morbidity is very variable in the arthritic form. Infected
chickens may show slight tracheal rales and coryza while in turkeys there may be swelling of the
infraorbital sinuses. In the acute arthritic form there is marked depression, pale comb, retarded
growth and rapid loss of condition accompanied by swelling of the joints and consequent lame-
ness. Sternal bursitis (‘breast blister’) may also occur. The disease may progress to a chronic form
or it may remain in this form and synovitis may persist for the life of the flock.

Lesions

Gross lesions in respiratory disease are similar to those in M. gallisepticum infection but may be
milder. Lesions in affected joints include oedema and thickening of the periarticular tissues, espe-
cially the synovial membranes. The tendon sheaths become swollen and erosion of the articu-
lar cartilage may be seen. The foot and hock joints are most frequently involved and an exudate
occurs that at first is clear but then becomes creamy. In the chicken it may become caseous and
orange or brown in colour. In sternal bursitis there is enlargement of the bursa and accumu-
lation of exudate. Some chickens may exhibit enlarged spleens and livers and the kidneys are
swollen, pale and mottled.
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Aswith M. gallisepticum the signs and lesions are not pathognomonic and diagnosis requires demon-
stration of specific antibodies or detection of the organism or its DNA. For serology the RSA test
and ELISAs are commonly used. Isolation and PCR methods are generally similar to those used
for M. gallisepticum although culture medium must contain a nicotinamide adenine dinucleo-
tide supplement. M. synoviae is very susceptible to acid pH and cultures may die if allowed to
become too acidic. The trachea is the best site for detection of M. synoviae and its DNA. It can
rarely be found in affected joints.

Methods and strategies are similar to those for M. gallisepticum (Table 20.2), bearing in mind
that M. synoviae is considered less pathogenic than M. gallisepticum but more resistant to anti-
microbials. Routine administration of chlortetracycline in feed is widely used in infected table
egg layers but the loss of zero withdrawal periods for such treatments will see this phased out in
many areas. A live temperature-sensitive mutant vaccine MS-H is available in some countries
for use in breeders and commercial layers and this has helped to reduce routine antibiotic treat-
ments. The more variable approach to M. synoviae control in different poultry sectors appears to
make control more difficult than M. gallisepticum control, possibly because sectors not control-
ling M. synoviae are a reservoir for infection of other sectors. Other factors may also influence
control including the apparent ability of M. synoviae to spread between farms over greater dis-

tances than M. gallisepticum, possibly because of the higher tracheal populations in chronically
infected birds.

MYCOPLASMA MELEAGRIDIS

M. meleagridis is a specific pathogen of turkeys, causing an egg-transmitted disease in which the
main lesion is air sacculitis. It also causes poor growth and skeletal disorders in young poults.

M. meleagridis was eradicated by the primary turkey breeders but the infection still occurs
sporadically.

Before eradication it was responsible for considerable economic loss but is now of much
less significance. Control measures for M. meleagridis are included in European Community
Directive 90/539/EEC and the NPIP of the USA, although it is not included the OIE list of
notifiable diseases.

Cause

M. meleagridis is a typical member of the genus in many properties. It agglutinates erythrocytes
less readily than M. gallisepticum or M. synoviae and haemagglutination does not appear to be
essential for virulence. Little comparison of M. meleagridis strains has been attempted but vari-
ation is seen in protein profiles.
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Hosts

M. meleagridis was thought to infect only turkeys but recently it has been isolated from several
clinically normal birds of prey in Germany.

Spread

In addition to egg transmission and horizontal transmission between birds by the respira-
tory route, M. meleagridis can also spread venereally. The organism may be harboured in the
respiratory tract for months in mature turkeys and it is possible that infected air sacs may be the
source of contamination of the oviduct. After egg transmission the cloaca and bursa of Fabricius
of embryos and poults may be colonized with M. meleagridis, which can later ascend to infect
the reproductive tracts of hens. The phallus of the male also harbours M. meleagridis and the
hen can be infected by insemination with contaminated semen. This is considered to be an
important means of sustaining infection in the female. Eggs laid early and late in the laying
cycle are less likely to be infected. Indirect transmission of M. meleagridis can occur by handlers
during artificial insemination procedures and at the hatchery during sexing.

Influencing factors

Pathogenic strains of E. coli can exacerbate respiratory disease with M. meleagridis, as can coin-
fection with M. iowae. M. meleagridis and M. synoviae together can act synergistically in causing
sinusitis. Environmental factors probably exacerbate respiratory disease as for M. gallisepticum.

Pathogenesis

Lesions occur only in young poults, where the organism gains access either congenitally or
through the respiratory tract. It has been suggested that the osteodystrophic form of disease
(TS-65) results from reduction of nutrient supply, in particular biotin, to the growth plates of
the long bones. However, the exact mechanism of disease production is not known for this or
the respiratory form. There are also reports that M. meleagridis may cause immunosuppression
in young poults.

Clinical signs

Mature birds do not show signs but there may be reduced egg hatchability. Young poults do
not necessarily show clinical disease but in some flocks morbidity may exceed 10%, with poor
growth and skeletal abnormalities.

Lesions

Skeletal lesions include osteodystrophy, with shortening, bowing and torsion of the tarso-
metatarsus and abnormalities of the cervical vertebrae. Wing feathers may protrude (helicopter
feathering). Air sacculitis, which can result in condemnation at slaughter, usually affects only
the thoracic air sacs initially but may spread later to other air sacs.
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Clinical signs and lesions are not specific for M. meleagridis although those described above
are suggestive. Confirmation is by serology, isolation of the Mycoplasma or demonstration of
its DNA by PCR. Serology is usually by RSA test or ELISA and some ELISAs are produced
specifically for use with turkey sera. Isolation can be attempted from respiratory tract, cloaca
and bursa of Fabricius of poults and from the cloaca, oviduct, phallus or semen of mature birds.
Many strains will grow well on mycoplasma agar but poorly in broth.

Control methods, including eradication, are as outlined for M. gallisepticum but heating of
hatching eggs is not effective for killing M. meleagridis and causes unacceptably high embryo
mortality. During eradication programmes pipped embryos and day-old culls are examined
for M. meleagridis and all birds are examined at about 12 weeks. The phallus of males should
be monitored by culture for M. meleagridis contamination during the prebreeding period of
increased lighting. The oviducts of hens should also be swabbed and monitoring should con-
tinue for both sexes during the breeding period. Hygienic precautions are similar to those prac-
tised in other eradication programmes but, because of the importance of venereal transmission,
extra care should be taken at artificial insemination and at the sexing of day-old poults.

MYCOPLASMA IOWAE

Some strains of M. jowae can cause turkey embryo mortality and poor-quality poults but suc-
cessful eradication programmes have been conducted. Before eradication M. iowae was esti-
mated to cause a 2-5% reduction in hatchability in UK commercial turkeys. Although the M.
iowae status of many countries is unknown, it is now rarely encountered in commercial poultry
in Europe.

Cause

‘There appears to be more antigenic diversity within this species than in others and it was earlier
divided into six serovars (I, J, K, N, Q and R). These groups are not supported by molecular
studies. Virulence varies among strains and haemagglutination is an unstable property. M. iowae
strains differ from other avian mycoplasmas in surviving longer in the environment, being more
resistant to bile salts and having a predilection for the gastrointestinal tract and a relative resist-
ance to many antimicrobials.

Hosts

The turkey is the favoured host for M. iowae but chickens are susceptible and it has been isol-
ated from several species of free-flying bird.
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Spread

The organism probably enters the egg via infected oviducts and is transmitted laterally after
hatch. Venereal spread from contaminated males is also significant. Eggs laid late in the laying
season are less likely to be infected.

Influencing factors

Concurrent infection with M. meleagridis increases the frequency and severity of air sacculitis
buct little is known about the influence of other infections or the environment.

Pathogenesis

There is little information available on the disease process. Proteins involved in cytadherence
have been identified but no attachment organelle has been reported. M. iowae may cause tran-
sient immunosuppression in young poults.

Clinical signs

The only abnormality in mature birds is reduced hatchability of their eggs. Embryos usually
die in the last stages of incubation and are stunted and congested. If any poults hatch with
the infection they may be of poor quality with suboptimal growth and poor feathering.
Experimental infection of embryos and day-old poults can cause a generalized disease with
reduced growth, abnormal feathering, twisted leg, chondrodystrophy and some mortality. This
is rarely seen under commercial conditions.

Reduced hatchability is a nonspecific sign and laboratory diagnosis should be attempted. M.
iowae does not produce a reliable humoral antibody response so culture or PCR methods should
be used. The organism can be found in the oropharynx, cloaca and air sacs of embryos and of
very young poults and in the oviduct, cloaca and phallus of mature turkeys.

Eradication of M. iowae followed the same lines as M. meleagridis except that the effective
drugs were limited to tiamulin and some quinolones. Other control methods are also as for M.
meleagridis.
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Avian

chlamydophilosis

(chlamydiosis/
psittacosis/
ornithosis)

Avian chlamydophilosis (chlamydiosis) in humans and birds was originally called psittacosis
because the disease was first recognized in parrots and other psittacine birds and in humans
associated with psittacine birds. The term ornithosis was introduced later to describe the disease
in other birds, including poultry. The rationale for separating these disease syndromes was based
on the assumption that infections acquired from psittacine birds caused a more severe disease in
humans than those contracted from other birds. As the organisms are known to affect humans
and a wider range of avian hosts with variable degrees of severity, the term avian chlamydo-
philosis (chlamydiosis) is more appropriate. It is worldwide in prevalence but only occasional
epidemics occur in poultry. Because of increasing evidence of its great genetic diversity, and
the recent gene sequence analysis, the taxonomy of the family Chlamydiaceae has been revised
recently. Thus the genus Chlamydia was retained and divided into three species and a new
genus, Chlamydophila, with five new species, was created. All the human biovars associated with
trachoma and other syndromes continue to be called Chlamydia trachomatis, whereas the ham-
ster and mouse isolates were renamed Chlamydia muridarum and porcine isolates were renamed
Chlamydia suis. The organisms formerly known as Chlamydia pecorum and Chlamydia pneuwmo-
niae were designated Chlamydophila pecorum and Chlamydophila pneumoniae respectively. The
bacteria previously known as various serotypes of Chlamydia psittaci were assigned to four new
species in the new genus Chlamydophila. The strains that cause avian chlamydiosis (psittacosis/
ornithosis) belong to the new species Chlamydophila psittaci and the strains that cause abor-
tion in ruminants, formerly Chlamydia psittaci serovar 1, were renamed Chlamydophila abor-
tus. Strains of Chlamydia psittaci that affect cats and guinea pigs were renamed Chlamydophila
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felis and Chlamydophila caviae respectively. However, this new taxonomy has not yet gained
general acceptance and papers using the old and new classification continue to appear in scien-
tific journals.

Cause

The chlamydias are Gram-negative, coccoid bacteria that depend on an intracellular environ-
ment for their multiplication. They differ from other intracellular bacteria mainly by their
unique developmental cycle within the host cell. They also appear to lack peptidoglycan in their
cell walls, which confers structural rigidity to other Gram-negative bacteria. Infection of host
cells is initiated by endocytosis of the elementary bodies (EBs), which are small in size (250—
300 nm diameter) and characteristically dense, with a rigid cell wall designed to withstand the
rigours of the environment and transit between cells. Once these infectious EBs are enclosed
within intracytoplasmic vacuoles, they are transformed into the larger (400-600 nm diameter),
noninfectious reticulate bodies (RBs). The RBs have permeable and flexible walls which enable
them to be metabolically active. Their primary role is the production of more progeny by binary
fission before their transformation into EBs. The development cycle within the host, which
takes about 30h, is completed by daughter RBs reorganizing into EBs (Figs 21.1 and 21.2).
Avian strains have been classified into highly virulent ones causing acute epizootic infections
and strains of low virulence causing slow spread of infection. However, some strains that are of
low virulence in some birds may be more pathogenic to others and this variation in virulence
may be seen between wild birds and domestic poultry and even between birds and humans.

Spread

Chlamydophila psittaci infection is endemic in parrots and other psittacine birds and natural
infection also occurs in domestic poultry and free-living birds, including seagulls, wild and feral
pigeons, house sparrows and blackbirds. Over 100 avian species have been shown to be infected.
In many cases naturally infected birds show no clinical signs, remaining as carriers of infec-
tion for prolonged periods. Because of the broad range of hosts for C. psittaci, the reservoir of
infection is very large. Infected birds are the main sources of infection for susceptible poultry,

Infection Transformation Multiplication Maturation

Cell wall Cell cytoplasm Cell wall

Cell
rupture

Elementary bodies Reticular bodies Mature
(250-300 nm) (400-600 nm) inclusion

Fig. 21.1 Development cycle of chlamydia. Time from infection to release is 28-32 h.



Avian chlamydophilosis

with mammalian hosts playing a less significant role. The main sources of infection are birds in
the prepatent stage of infection, birds with acute infections, carriers and contaminated inani-
mate material. Faeces and respiratory excretions from infected birds are particularly rich in EBs.
Susceptible birds get infected mainly through the ingestion or inhalation of dust containing

Fig. 21.2 (a) Elementary body attached to cell membrane (X 45000; bar = 250nm). (b) Elementary body within cell
cytoplasm (X 45000; bar = 250nm). (c) Dividing reticular bodies in cytoplasmic vesicle (X 14000; bar = 500 nm). (d)
Elementary bodies in mature inclusion prior to rupture (X 14500; bar = 500nm).
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EBs from dried faeces and other discharges, as the EBs are sufficiently resistant to survive the
extracellular environment for days or even months. Infection also occurs by direct contact when
birds are in close contact with acutely infected birds or carriers and indirectly through fomites
and perhaps biting insects, mites and lice. Free-ranging domestic poultry are likely to acquire
infection from infected migratory birds. Vertical transmission through the egg has not been
demonstrated but the young are often infected from the exudates and faecal contamination of
the parent and the general contamination of the nest in free-living birds. Although the EBs are
highly resistant outside the host and can survive in dried excrement for many months within
the carcass, they may not survive putrefaction.

Hosts

Among domestic poultry, turkeys are more susceptible than ducks and pigeons while chickens
are rarely affected. Clinical disease is more common in young birds than in mature birds.

The main source of human infections is pet caged birds, with owners of parrots and other psit-
tacine birds, owners of pet shops and those with regular contact with pigeons being at a higher
risk, followed by other people who may come in contact with psittacine birds and pigeons pro-
fessionally such as veterinarians, quarantine station workers, laboratory technicians and zoo
workers.

However, serious infections could also be acquired from domestic poultry, particularly turkeys
and ducks, with farmers, animal attendants and those working in processing plants being at a

higher risk.

Influencing factors

Factors that may contribute to precipitation of disease or increase its severity include stress due
to movement of birds, overcrowding, change of diet or environment and concurrent infections
with other organisms such as salmonellas or Pasteurella multocida. Many of these influencing
factors are of particular significance in recently imported psittacines.

Pathogenesis

After entry into the body, mainly by inhalation, the organisms multiply in the lungs, air sacs
and pericardium and by haematogenous spread reach the liver, spleen and kidneys where further
replication occurs and the production of RBs and EBs. In turkeys the organism is reported to
reach the abdominal air sacs within 4h and there is massive multiplication in the lungs within
24h. After 48 h the organisms are released from the lungs and the air sacs into the blood, spleen,
the liver, kidneys and into the environment via the nasal and intestinal secretions.

Clinical signs

Strains of C. psittaci that cause avian chlamydiosis may be highly virulent, causing a disease that
spreads rapidly and with a mortality rate of 5-30%. When acute epidemics occur, up to 90%
of the flock may be affected by the time clinical signs are noticed. When less virulent strains are
involved, the disease spreads slowly, with mortality rates of less than 5%.

The incubation period is influenced by a number of factors including the virulence of
the organism, the number of Chlamydia inhaled, the species and age of the host and other
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influencing factors. For example, in young turkeys infected with a virulent strain the incubation
period may be as short as 5-10 days whereas in adult birds naturally infected with a less virulent
strain the incubation period could be as long as 60 days. In some birds there may be no clinical
signs at all and birds that have recovered from infection may carry the infection without appar-
ent clinical disease. However, overt clinical signs may develop or the birds may die suddenly
following environmental stress or other infections. In humans the incubation period of avian
chlamydiosis is usually 5-14 days but longer incubation periods have also been described.

In turkeys, ducks and pigeons the clinical signs may be absent, mild or severe. At the peak
of an acute clinical disease affected turkeys, ducks and pigeons are usually depressed, with ruf-
fled feathers, anorexia, purulent nasal exudate and conjunctivitis. Sometimes there are obvious
signs of respiratory disease characterized by rales and grey-green, gelatinous diarrhoea that may
contain blood. The disease may also be manifested by nervous signs, with trembling and an
unbalanced gait in ducklings and occasional transient ataxia in pigeons. In a flock the disease
may be sporadic or a number of birds may be affected at the same time. Chickens, although
susceptible, are rarely affected with clinical disease. However, sometimes affected birds may be
characterized by growth retardation, weight loss and the reduction or end of egg-laying. Often,
psittacine birds harbour infection without apparent clinical disease but typical clinical signs of
anorexia, depression, diarrhoea and nasal and ocular discharge usually develop following stress
of transport or after a change of diet or environment. Some birds may die suddenly following
the rupture of the enlarged liver and spleen in chronically infected birds.

Lesions

The gross lesions vary according to the susceptibility of the host and the severity and duration of
the disease. The lesions caused by the less virulent strains are less severe and extensive. In acutely
infected turkeys and ducks the serosal surfaces are usually covered by serofibrinous exudate; there
is pericarditis, congestion of the lungs, clouding of air sac walls and enlargement of the liver
and spleen, both of which may be softer than normal and may show small necrotic foci and
petechiae. Myocarditis and pneumonia may be present in turkeys with chlamydiosis. In pigeons
and other birds with chronic infection splenomegaly and hepatomegaly may lead to the rupture
of these organs and the acute fibrinous lesions of the air sacs may develop into granulomatous
lesions. In psittacine birds the gross lesions are usually limited to the spleen, liver and the air sacs.
The histopathology is characterized by proliferative and necrotic changes in the affected
organs, with tracheitis, pneumonitis and focal necrosis of the liver, particularly in parrots.

@ogﬁ

Clinical signs and gross lesions are helpful but definitive confirmation requires the demon-
stration of Chlamydia, chlamydial antigens or specific nucleic acids in infected tissues or body
secretions or serological evidence of recent infection. However, because of the zoonotic nature
of C. psittaci, tests that require the growth of the organisms are carried out only in specia[ist
laboratories.

It is important that great care is taken when handling birds or carcasses suspected of being
infected with C. psittaci, and this includes the wrapping of carcasses for dispatch to a specialist lab-
oratory. Pathologists and laboratory workers should take special care when handling infected car-
casses or live birds as they shed large quantities of infectious EBs. Dead birds should be immersed
in effective disinfectants before post-mortem examinations are carried out. All procedures must be
carried out under Class III containment to avoid the generation of dangerous aerosols.
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Microscopic examination of stained smears

The demonstration of EBs in impression smears prepared from exudates, affected serosal sur-
faces, the liver, spleen or the lungs is a powerful and simple method of diagnosis. Fluids can be
applied directly to slides or the cells from these fluids can be concentrated by centrifugation,
washed and applied on to slides. The cytological preparations are then fixed with methanol,
Zenker’s or Bouin’s fixative for better preservation before staining with the modified Ziehl-
Neelsen, Machiavello or Gimenez method. EBs stand out as single or clusters of red particles.
The direct examination of smears using stains that are specific to EBs may not be suitable for
the demonstration of inclusion bodies of chlamydia grown in embryonated eggs, cell cultures or
tissues of inoculated mice. Therefore, for these, other staining methods such as Giemsa should
be employed.

Demonstration of antigens

When inclusion bodies suggestive of C. psittaci have been demonstrated in smears stained by
modified Ziehl-Neelsen or other methods, it may be necessary to verify their identity by test-
ing for specific antigens. Smears from affected tissues are fixed and then processed for fluores-
cent antibody or immunoperoxidase staining using monoclonal or polyclonal antibodies. Tests
should include positive and negative controls for antigen and positive and negative sera. These
methods can also be used to establish the identity of C. psittaci isolated in embryonated eggs or
cell cultures.

Demonstration of specific DNA

DNA probes and the polymerase chain reaction (PCR) can be used to demonstrate specific
DNA. It is now possible to design specific primers for the 16S ribosomal RNA to allow dif-
ferentiation of C. psittaci from other similar agents, including C. pecorum, C. trachomatis and
C. pneumoniae. Once the PCR has been used to identify an avian or human isolate as C. psittaci,
it is also possible to differentiate it from nonavian strains of C. psittaci by restriction enzyme
analysis of the nucleotide sequence generated by PCR.

Isolation and identification

The most definitive method of diagnosis involves the isolation of organisms in cell culture sys-
tems or embryonated hens’ eggs.

To reduce bacterial contamination, ground tissues, exudate, other fluids or faeces are sus-
pended in buffer or tissue culture fluid containing vancomycin, streptomycin, gentamicin or
other antibiotics to give a final 10% concentration. The suspension is centrifuged at 2000 g for
15-20 min to remove debris and tissue fragments and the supernatant used as inoculum for cell
cultures or embryonated hens” eggs. The isolation of C. psittaci in continuous cell lines such
as ‘L cells, McCoy cells or primary chick embryo cells can be enhanced by centrifuging the
inoculum on to the monolayer of cells at 2000 g for 30 min and by adding cycloheximide to the
maintenance medium. The organism can also be isolated following the inoculation of the yolk
sac of 5—7-day-old chicken embryos. It is important that fertile eggs are obtained from a flock
receiving no antibiotics. Embryos are candled daily for evidence of loss of motility or death.

To detect the presence of C. psittaci, ‘L cells, McCoy cells, other cells or impression smears
prepared from the yolk sac membrane are stained with Giemsa or other stains and the cells are
examined for the presence of typical cytoplasmic inclusion bodies. The identity of the organisms
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can be confirmed by the demonstration of specific antigens by the complement fixation tests
(CFT) or the enzyme-linked immunosorbent assay (ELISA) using monoclonal or polyclonal
antibodies. Alternatively, the identity of the isolates can be established by PCR using species-
and type-specific primers and restriction enzymes.

Laboratory mice and guinea pigs are susceptible to infection but are rarely used for diagnostic
purposes. Mice are infected when they are 3—5 weeks old by injecting not more than 200 uL of
the inoculum by the intraperitoneal route or by putting several drops of the inoculum into the
nasal cavity of lightly anaesthetized mice.

Serology

Serological tests can be used to demonstrate current or past infections but diagnosis of recent
infection depends on the demonstration of a rise in antibody titre by the examination of ‘paired’
serum samples. Serological methods of detecting and measuring antibodies include CFT,
ELISA, immunofluorescence, latex agglutination and gel diffusion. The standard or direct CFT
is widely used for the detection and assay of antibodies against C. psitzaci in a wide range of
hosts because it is sensitive and the procedures are well standardized. However, direct CFT can-
not be used in some avian species, such as budgerigars and poultry, because of false-negative
results. In these cases a modified (indirect) CFT or other serological method such as immuno-
fluorescence can be used. Because of the tedious and complicated nature of the CFT, most labo-
ratories are adopting the ELISA as a standard method for the detection and assay of antibodies
against C. psittaci. The latex agglutination test has the advantage of being simple and rapid and,

because it detects IgM, a positive reaction indicates current infection; however, it is less sensi-
tive, resulting in more false-negative results. The agar gel precipitation test is slow and relatively
insensitive.

The organisms are susceptible to a number of antimicrobials. Treatment of infected and in-contact
birds with broad-spectrum antibiotics for several weeks is effective in reducing infection and
may eliminate it in some cases. Chlortetracycline has been most commonly used and for
turkeys a dose of 200-800 g/tonne in the food or 0.2-0.4g/L (1-2g/gallon) in the drinking
water is reccommended. The lower doses are effective against severe disease but the higher doses
are necessary for attempted elimination of the organism. For either, treatment should be contin-
ued for up to 45 days.

Doxycycline, a semisynthetic tetracycline derivative, is also recommended. It is rapidly and
almost completely absorbed from the gastrointestinal tract and its absorption is less adversely
affected by calcium than chlortetracycline. It has a longer serum half-life and provides greater
tissue concentrations. Quinolones are also effective against C. psitzaci infections in avian species.
Exotic birds can be treated by incorporating the antimicrobial in seed or syrup.

Hygienic precautions are essential to minimize spread of infection to other birds and human
attendants. These include restriction on movement of stock and people, quarantine, cleaning
and the use of appropriate disinfectants such as iodophors or formaldehyde. In particular, atten-
tion should be paid to minimizing the spread of infected dust.

Live and inactivated vaccines (bacterins) have been found to be protective. However, the
former may result in carriers and several inoculations of the latter are necessary. There are no
vaccines commercially available in Europe for the protection of poultry against chlamydiosis.
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LEGAL REQUIREMENTS AND PUBLIC HEALTH
SIGNIFICANCE

Several countries have import and export controls and quarantine regulations on psittacine
birds. In the USA several states have regulations that make it mandatory to report all cases of
chlamydiosis and the Surgeon General of the USA may declare an area ‘infected’” with chlamy-
diosis if persons or psittacine birds are considered to have been infected with C. psittaci. In the
UK the disease is not notifiable but is subject to control measures stipulated in the Psittacosis/
Ornithosis Order 1953. This provides for the detention and isolation of affected or suspect birds
and for other measures to prevent spread, such as cleaning and disinfection. All birds, including
poultry, imported into the UK are subject to quarantine for a period of 35 days.
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AEROMONAS HYDROPHILA AND AEROMONAS
FORMICANS

Aeromonas bacilli appear to be opportunist pathogens of poultry, with Aeromonas hydrophila
occasionally causing diarrhoea in chickens and turkeys, cellulitis in turkeys and salpingitis, air
sacculitis and septicaemia in ducks. Aeromonas formicans has been isolated from arthritic lesions
in ducks and inflammation of the penis in geese. These organisms are motile, Gram-negative,
aerobic or facultative anaerobes that are present in fresh and brackish water and in seawater,
sewage and soil. Diagnosis is associated with signs, lesions and the isolation of the organism.
A. hydrophila is of public health significance, usually through poultry meat, causing human
gastroenteritis and diarrhoea.

Barnes H J 2003 Aeromonas. In: Saif Y M (ed) Diseases of poultry, 11th edn. Iowa State University Press,
Ames, p 846

BRACHYSPIRA SPP. - INTESTINAL SPIROCHAETOSIS

Avian intestinal spirochaetosis (AIS) is a disease complex that has been reported mainly in laying
hens and in broiler breeder hens and is associated with chronic diarrhoea and/or reduced egg pro-
duction. Where it has been specifically investigated, infection with Brachyspira species has been
found to be remarkably common. Between 30% and 70% of laying hen and broiler breeder hen
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farms in different regions have been found to be infected with intestinal spirochaetes, although
obvious signs of ALS are not always present in these farms. AIS is known to occur in Europe, the
USA and Australia, and is almost certainly under-reported and endemic worldwide.

Cause

AIS results from colonization of the caeca and rectum with one or more species of anaerobic intestinal
spirochaete of the genus Brachyspira. The genus currently contains seven species and several possible
species. Previously some of these species were classified in the genus Zieponema, or more recently
in the genus Serpulina. The two most commonly reported pathogenic species in poultry are
Brachyspira intermedia and Brachyspira pilosicoli, with a third, Brachyspira alvinipulli, to date having
been reported as a pathogen in two laying hen flocks in the USA and in two goose flocks in Hungary.
'The porcine pathogen Brachyspira hyodysenteriae (the cause of swine dysentery) has been reported
as a cause of necrotizing typhlocolitis in captive rheas (Rbea americana) and has been isolated from
feral mallards and laying hens but is not currently thought to be a major problem in commercial
poultry. The proposed species ‘Brachyspira pulli is widespread in poultry and may be mildly path-
ogenic under certain circumstances. Other Brachyspira species that are sometimes isolated from
poultry are assumed to be commensals, although further work is required to confirm this. The
existence of such morphologically similar commensal species can complicate the diagnosis of AIS.

Brachyspiras are anaerobic, Gram-negative helical bacteria. They have multiple periplasmic
flagella running along the length of the cells under the outer envelope, which confer to them a
corkscrew-like motility. The organisms can be examined by dark-field or phase-contrast micro-
scopy and can be stained with Wright—Giemsa stain.

Hosts

B. intermedia infection is mainly confined to pigs and poultry. This species is closely related to
the important pig pathogen B. hyodysenteriae and has occasionally been suspected to cause col-
itis in pigs.

B. pilosicoli colonizes the large intestines of many species of domestic and feral animals and
birds, as well as humans (particularly in developing countries). It is considered to be a common
and important enteric pathogen of pigs.

In addition to layer hens and broiler-breeders, turkeys, geese and game birds may also be
affected. B. intermedia, B. pilosicoli and B. alvinipulli have all been used under experimental
conditions to induce disease in commercial adult hens, including increasing faecal water content
and reducing egg production. Disease was not as severe as sometimes reported in the field, pre-
sumably because the experimental hens were less crowded and stressed than their counterparts
in commercial conditions. Young birds (broilers) are also susceptible to these three species, as
well as to other species such as B. hyodysenteriae and “B. pulli’ but do not appear to be exposed
to infections with Brachyspira species under normal conditions and therefore natural infection
of broiler chickens has not been recorded.

Spread

Colonization with Brachyspira species is rarely found before birds are 15 weeks of age; hence,
the hatchery or rearing flocks appear unlikely to be the major source of infection for laying hen
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or breeder flocks. The Brachyspira species involved in AIS only survive for a few hours to days
in chicken faeces and are highly susceptible to most commonly used disinfectants. Hence, pro-
vided that newly stocked sheds have been cleaned, disinfected and rested, birds are unlikely to
acquire infection from the local environment. Feral birds, rodents and animals such as dogs may
carry intestinal spirochaetes and could potentially introduce infection into a flock. Faecal con-
tamination of drinking water, for example from ducks visiting dams or ponds, is another pos-
sible means of introduction. The most likely source of infection, however, is from other adult
birds in older flocks on a site, with contaminated faeces being transmitted to new flocks via
movement of staff and equipment.

Once a new flock becomes infected, the spirochaetes are readily transmitted in faeces and
probably also by aerosol. Consequently, the prevalence of infection within flocks increases with
increasing age, with up to 100% of birds being colonized in older flocks. Mixed infections with
more than one pathogenic Brachyspira species, as well as other commensal species, can occur,
with multiple different strains of each pathogenic species potentially being present.

Influencing factors

As indicated, infection is more common in older flocks. Housing multiple hens in cages in close
proximity is likely to facilitate transmission. Disease is more common during stressful periods
such as moulting or onset of lay. Infection of outdoor flocks is common. Dietary influences on
AIS have been demonstrated. In particular, diets based on wheat seem to predispose hens to
infection with Brachyspira species.

Pathogenesis of B. pilosicoli and B. intermedia

The pathogenesis of these infections in poultry is not clear but a feature of B. pilosicoli is its abil-
ity to attach by one cell end to enterocytes in the large intestine, forming a ‘false brush border’
of spirochaetes that can be seen on histological sections. This ‘carpet-pile-like’ form of coloniza-
tion may occur throughout the large intestine, or be localized and focal, or not be observed at
all — even though signs of disease are present. A spirochaetaemia caused by B. pilosicoli has been
reported in debilitated and immunocompromised human patients, although whether this com-
plication occurs in poultry and in other animal such as pigs remains to be determined.

B. intermedia does not specifically attach to enterocytes but may be found in large numbers in
the mucus layer in an apparently loose association with the underlying enterocytes.

Clearly defined virulence determinants have not been described in either of these two patho-
genic Brachyspira species. They are both highly motile in mucus and undergo chemotaxis, which
is assumed to be important for colonization. B. pilosicoli is known to produce cell-surface-
associated proteases but to date no specific toxins have been recognized.

Signs

The most consistent clinical sign of AIS is intermittent chronic diarrhoea, which typically
may be seen in 5-20% of a flock. Faeces may be yellowish-brown, mucoid and/or foamy, with
increases in both lipid and water (=15%) content. Eggs from infected hens become stained
with faeces (preventing them from being sold as table eggs for direct consumption), and the
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feathers around the vent may be soiled (‘pasty vents’). In flocks with widespread AIS, problems
of ‘wet litter’ may be reported. This is manifest as faeces failing to ‘cone’ under cages, difficulties
with mechanical cleaning and problems of increased odour emission and attraction of flies to
the site. Furthermore, egg production may be delayed and/or reduced (by 5-10%), with eggs
being smaller and lighter and having poorer shell quality. Broiler chicks hatched from infected
broiler breeder hens also may be weak, with slow weight gain.

Gross lesions

There are no specific gross lesions seen in AIS. Affected caeca may be dilated with yellow-brown
foamy or watery fluid. Histological examination may reveal a mild typhlitis and sometimes the
obvious presence of spirochaetes.

Diagnosis is usually based on clinical signs, supported by the results of specific microbiological
investigations.

The Brachyspira species involved in AIS typically can be grown on selective Trypticase Soy
agar, containing 5% defibrinated ovine or bovine blood, 400pg/mL spectinomycin and
25ug/mL each of colistin and vancomycin. The plates are incubated in an anaerobic environ-
ment at 37—-41°C for 310 days and any spirochactal growth is observed under a phase-contrast
or dark-field microscope. Typically, specific polymerase chain reaction (PCR) assays are then
conducted on the primary growth to identify the species present. Differentiation by biochemical
testing is possible but is not completely reliable. Isolates can be grown in specialized anaerobic
broth media, and strain typing can be achieved using pulsed field gel electrophoresis.

Strict biosecurity should be maintained to prevent entry of infection, as well as spread between
flocks on a site. This should include the presence of security fences around the site, minimization
of movement of staff around the site, provision of footbaths outside sheds and the wearing of
clean protective clothing and footwear. Measures should be taken to prevent hens from com-
ing into contact with faeces from wild birds and animals. Treating infected laying flocks with
antimicrobials is problematic because of the possibility of drug residues remaining in the eggs.
If the eggs are to be consumed, then only registered antimicrobials that have no withdrawal
periods should be used. Antimicrobials that have been used in the water to control AIS in some
experimental studies include tiamulin (not to be used with ionophores: monensin, salinomy-
cin and narasin), lincomycin, oxytetracycline and nitroimidazole derivatives. Where problems
of AIS exist, the diet should be examined. If possible, wheat should be avoided, as well as cereal
and legume sources rich in soluble nonstarch polysaccharides (which themselves can cause wet
licter problems). No vaccines are currently available for AIS.

B. pilosicoli can colonize humans and may be invasive in immunocompromised individuals. The
possibility that chickens could be a source of human infection should be considered.
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chaete Brachyspira (Serpulina) pilosicoli causes reduced egg production. Avian Pathol 31: 169-175

Swayne D E, Bermudez A J, Sagartz J E et al 1992 Association of cecal spirochetes with pasty vents and
dirty eggshells in layers. Avian Dis 36: 776-781

BORRELIA ANSERINA SPIROCHAETOSIS (BLOOD
SPIROCHAETES)

See Chapter 39 on parasitic diseases.

LISTERIA MONOCYTOGENES - LISTERIOSIS

Cause

Listeria monocytogenes is a small (0.4-0.5 pm X 0.5-2.0 pm) Gram-positive, nonsporing bacillus
or coccobacillus, which may be seen in groups of two or more and in a rough form it is filamen-
tous. It is flagellate and, at 6-22°C, is motile with a tumbling motion. It can transform between
bacterial and L forms and there are 16 serotypes, all of which are considered to be potentially
pathogenic. It is ubiquitous and found in soil, silage, rotting vegetation and surface water, and
in poultry meat and in the intestine of apparently healthy and diseased animals and birds. It
can grow between 0°C and 43°C, with an optimal range of 30-37°C and a pH range of about
4.5-9.6. It can survive outside the body of the host, under moist conditions, for several years. It
is susceptible to pasteurization at 75°C for 10s and, although varied in its susceptibility to anti-
microbials, tetracyclines are commonly recommended in treatment.

Hosts

Many species of bird, fish and mammal may be infected with L. monocytogenes and the infec-
tion in poultry is of public health importance because it can be a source of infection for humans
through faeces and meat.
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Spread

Among poultry, spread can occur through the faeces. However, with an organism as ubiquitous
as this and able to survive for long periods outside the body, it may be difficult to determine the
source and spread of infection. There is no evidence for egg transmission.

Influencing factors

The young are more susceptible than older birds and, apart from this, outbreaks of disease are
associated with factors such as immunosuppression of the host and environmental cold and wet
conditions.

Pathogenesis

Infection can follow ingestion, inhalation or wound contamination such as can occur after beak
trimming.

Signs

In poultry enteric colonization with the organism may occur without the birds showing disease.
Indeed, disease is rare in poultry although sporadic outbreaks do occur in chickens, turkeys,
ducks, geese and pigeons, especially in temperate zones. Mortality can vary from very few to
40% of an affected flock.

The disease signs in birds occur either with progressive emaciation, nervous signs or sudden
death and are associated with a septicaemic or encephalitic form or sometimes both. In neither
are the signs pathognomonic. Depression is seen in both forms and in the former there may
also be diarrhoea while in the less frequent encephalitic form the signs include incoordination,
ataxia, torticollis and opisthotonos.

Lesions

The gross lesions associated with septicaemia are varied and include myocarditis with pale
necrotic foci, hydropericardium, focal hepatic necrosis and, less frequently, splenomegaly with
necrotic foci, nephritis, oedema of the lungs, thickening of the air sac walls, enteritis and con-
junctivitis. In acute cases the only lesion may be congestion of the whole carcass with petechial
haemorrhages on the serosa. In hens, salpingitis may occur following the acute disease. In the
encephalitic form, small necrotic foci may be seen in the cerebellum, midbrain and medulla.
Microscopically, inflammatory cells and Gram-positive bacteria are seen in lesions.

Signs and lesions may be of some value but confirmation of discase can be made by isolation
of the causal organism, demonstration of specific antigen in tissue or detection of DNA. Of
these, culture of the bacterium is the most common method and, in attempting to grow the

organism from uncontaminated sources such as myocardial lesions, unenriched medium is sat-
isfactory. However, if there is contamination with other bacteria, a medium containing both
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enriching and selective agents is required or the prolonged ‘cold enrichment technique’ can
be used. Isolation may also be achieved by culturing in the allantoic cavity of the developing
chick embryo.

The organism may be identified by biochemical means, immunofluorescence or DNA analy-
sis and an enzyme-linked immunosorbent assay (ELISA) has also been developed.

Since antibodies to L. monocytogenes are widespread in the blood of apparently normal ani-
mals, serological testing is not used for detecting infection.

For differential diagnosis, consideration should be given to conditions causing signs and
gross and histological lesions of septicaemia or encephalitis, such as fowl cholera. fowl typhoid,
Newecastle disease, avian influenza and Pseudomonas aeruginosa infection.

Control of disease in poultry is largely dependent on avoiding potential sources of infection and
practising a high standard of management.

It is important to appreciate that this organism may be pathogenic to humans, particularly the
very young and the immunologically compromised. Milk, vegetables, soft cheeses and meat,
including poultry, may be sources of infection. It is important to realize also that the organism
will continue to grow in some prepared foods kept at low temperatures and is of significance in
human food-borne diseases.

Barnes ] H 2003 Listeria. In: Saif Y M (ed) Diseases of poultry, 11th edn. Iowa State University Press,
Ames, p 850
Gray M L, Killinger A H 1966 Listeria monocytogenes and listeric infections. Bacteriol Rev 30: 309-382

MEGABACTERIA

Although originally found to be associated with loss of condition in budgerigars, this organ-
ism has also been isolated from chickens and turkeys in poor condition and from fatalities in
young ostriches. The causal organism is large, rod shaped and fungus-like. It is Gram-positive
and periodic acid—Schiff-positive. However its classification awaits further study and in poultry
it is uncertain whether it is a primary pathogen since, in some cases, other diseases have been
found to coexist.

The disease associated with this organism particularly affects the proventriculus and occasion-
ally the gizzard. There is an inflammatory response in the epithelium and considerable thick-
ening of the wall. Diagnosis of the disease depends on thickening of the proventriculus and
especially the epithelial surface from which numerous large organisms can be seen in smears or
histological sections. Control is based on hygiene and the removal of infected stock.
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Barnes H J 2003 Megabacteria. In: Saif Y M (ed) Diseases of poultry, 11th edn. Iowa State University
Press, Ames, p 851

MORAXELLA OSLOENSIS - MORAXELLOSIS

This Gram-negative, short, plump, rod-shaped bacterium has been isolated from turkeys with
a disease similar to fowl cholera, and from chickens with salpingitis. The organism differs from
Pasteurella mulrocida by its growth on MacConkey medium and eosin—methylene blue medium.

Barnes H ] 2003 Moraxella. In: Saif Y M (ed) Diseases of poultry, 11th edn. Iowa State University Press,
Ames, p 851

Bisgaard M, Dam A 1981 Salpingitis in poultry. II. Prevalence, bacteriology and possible pathogenesis in
egg-laying chickens. Nord Vet Med 33: 81-89

Emerson F G, Kolb G E, Van-Natta F A 1983 Chronic cholera-like lesions caused by Moraxella osloensis.
Avian Dis 27: 836-838

MYCOBACTERIUM AVIUM - AVIAN TUBERCULOSIS

Avian tuberculosis occurs throughout the world in many avian and some mammalian species
and in domestic poultry it is generally seen in mature stock kept in conditions of poor manage-
ment. It usually runs a protracted course, causing reduction in condition, reduced egg produc-
tion and eventually death. Although loss in a flock is intermittent it is invariably in adult fowls
and this, together with the culling of unthrifty birds and the depression in egg production, can
cause serious economic loss. The infection is of importance also because the disease occurs in
wild birds, pigs, rabbits and mink.

Cause

Mycobacterium avium is the name given to a complex group of mycobacterial organisms that,

according to current taxonomy, consists of four subtypes:

® M. avium subsp. avium consists of three serotypes (1, 2 and 3) and several genotypes: this
subtype is fully virulent for birds and small terrestrial mammals

® M. avium subsp. hominissuis consists of serotypes 4-6, 8—11 and 21, and several genotypes,
and is found mainly in the external environment, dust, water, soil and invertebrates but some
are virulent for birds

® M. avium subsp. paratuberculosis consists of a number of genotypes and affects ruminants
and other animals

® M. avium subsp. silvaticum is isolated rarely and can be virulent for birds.
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These mycobacteria are acid- and alcohol-fast when stained by the Ziehl-Neelsen method and
the organisms often appear beaded. Of this large number of serotypes it is types 1, 2 and 3 that
are most virulent and are mainly responsible for the disease in poultry. Even among these sero-
types there is considerable variation in virulence. M. avium, compared with other mycobacteria,
is relatively resistant to antimicrobials and relatively resistant to a number of disinfectants but is
sensitive to ionic detergents. Outside the body it can survive for many years but the unprotected
organism is killed by direct sunlight and within the carcass the organism survives for no more
than a few weeks. It does not show tropism for any particular tissue but gross lesions of the liver,
spleen, intestine and bone marrow are most commonly seen.

Hosts

It is probable that all species of bird can be infected but susceptibility among domestic spe-
cies seems to be in the following order: chickens, ducks, geese and, least susceptible, turkeys,
in which it is relatively uncommon. The disease is observed most commonly in older poultry
because of the greater opportunity for infection with age and the generally long incubation
period. However, occasionally, heavy losses may occur in pullets on multiage sites where the
infection is endemic and the standards of hygiene poor. Game birds, particularly pheasants, are
also susceptible. Some birds kept in zoological gardens seem to be prone to tuberculosis, per-
haps because of the difficulty in adequately cleaning and disinfecting pens. Cage birds may also
succumb to avian tuberculosis but tuberculosis in parrots and canaries may also be caused by
M. bovis or M. tuberculosis. Surveys show that many species of wild bird become naturally
infected and in some instances a predisposing factor is their close association with infection in
domestic stock. Among mammals M. avium can cause progressive disease in swine, rabbits and
mink and can cause sensitivity in cattle to the skin tuberculin test.

Spread

In the transmission of infection the most important source of the organism is the infected host,
including domestic poultry, game birds and pet or wild birds. Next in importance, because of
the prolonged survival of M. avium outside the body of the host, are items contaminated with
the droppings and excrement of such birds. These commonly include litter, contaminated pens
and pasture, equipment and implements that come into contact with infected hosts, and the
hands, feet and clothing of attendants. ‘Swill’ containing offal or trimmings from tuberculous
fowl or pigs can also be a source of infection. Eggs would seem to be only of minor import-
ance in the spread of avian tuberculosis. Tubercular lesions have occasionally been noted in the
reproductive tract (ovary and oviduct of the female and testes of the male) and tubercle bacilli
have been reported, rarely, in the eggs laid by tuberculous hens. However, there is no evidence
to suggest that chicks hatched from such eggs are likely to be infected or that disease is likely to
be introduced into a flock by this means.

Influencing factors

The infections are worldwide but disease varies between and within countries. In domestic poul-
try lack of hygiene in management and the age of the birds influence the appearance of the dis-
ease since the organism is highly resistant in the environment and within the host is generally
associated with a long incubation period.
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Signs

Signs may be prolonged over a period of weeks or months before death. There is generally pro-
gressive but slow loss of condition and accompanying loss of energy and increasing lethargy.
Although the appetite usually remains good, there is eventually gross emaciation with marked
atrophy of the sternal muscles, with the ‘keel’ becoming prominent or even ‘knife-edged’. The
face and comb become pale and sometimes jaundiced and the comb is shrunken and often there
is persistent diarrhoea with soiling of the tail feathers. Occasionally a bird will show a hopping,
jerky type of locomotion, which is usually unilateral and is thought to be associated with tuber-
cular lesions of the bone marrow of the leg bones or joints. Some may adopt a sitting position.
Occasionally, birds may die suddenly in good bodily condition and yet show advanced lesions
of tuberculosis. In such cases rupture of the affected liver or spleen with consequent internal
haemorrhage is often the precipitating cause of death.

Lesions

Gross lesions, in the chicken, are most commonly seen in the intestines, liver, spleen and bone
marrow but may be found in any organ or tissue. Irrespective of the organ involved, the lesions
are typical tubercular granulomata. They are irregular, grey-white nodules, varying in size from
pinpoint to large masses of coalescing tubercular material. When cut through, the nodules are
firm and caseous and the centres may be a pale yellow colour, particularly those from the bone
marrow. Those in the liver and intestine may show bile staining. The liver and spleen are often
grossly enlarged and occasionally rupture, resulting in blood in the body cavity and sudden
death. The smaller tubercles in these organs can be readily enucleated from the surrounding
tissue, particularly when they protrude from the surface. Such protrusion of tubercles from the
surface of the spleen gives the organ an irregular, ‘knobbly’ appearance. The wall of the intestine
is invariably studded with similar lesions, varying in size from a millimetre to several centime-
tres in diameter. They usually involve the whole thickness of the intestinal wall and eventu-
ally ulcerate into the lumen of the intestine, with consequent discharge of bacilli and probably
constituting the major source of infection within the droppings. The bone marrow of the long
bones of the legs frequently contains tubercular nodules, which can best be seen macroscop-
ically if the bones are split longitudinally, particularly in the region of the femoro-tibiotarsal and
tibiotarsal-tarsometatarsal joints. They are pale yellow in colour and vary in size and number.
‘This is one of the distinctive features of tuberculosis in the chicken. The lungs are less frequently
affected in the domestic chicken but more commonly in waterfowl. Tubercle bacilli have been
isolated from some cases of arthritis affecting the phalangeal joints (‘bumble foot’) in the fowl.

The clinical signs and gross lesions are strongly indicative of avian tuberculosis and the demon-
stration of acid/alcohol-fast tubercle bacilli in lesions or sections is supportive of this. There is
seldom any difficulty in demonstrating the organisms, which are often present in very large num-
bers, particularly in young lesions and those from the bone marrow. Cultural examination, or
even chick inoculation of suspect material, may be necessary when organisms are few or for isol-
ation and identification of the causal agent. The agent can also be identified by DNA techniques.
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Immunological tests are also of value in the recognition of infected birds during life. They
include the tuberculin test, an agglutination test and ELISA. The tuberculin test in the fowl con-
sists of injection of 0.05-0.1 mL of avian tuberculin into one wattle using a needle about 1cm
long and of 25 gauge. The other wattle remains uninjected as the control. When testing a flock
it is usual to inject the tuberculin into the wattle on the same side for each bird. The needle is
introduced at the lower edge of the wattle and is directed upwards into the centre. The test is read
48h after the injection of tuberculin, although some positive reactions may be observed sooner
than this. The test is read by palpating the two wattles simultaneously between the first finger and
thumb of each hand. A positive reaction is recognized by a hot, soft, oedematous swelling of the
injected wattle, which may be twice the size of the uninjected one or even larger. Most uninfected
birds will show no reaction in the injected wattle and occasional small, firm, pea-like swellings can
usually be ignored. The accuracy of the test, relative to gross lesions seen at necropsy, in detecting
infected birds is about 80%. However, birds in an advanced stage of infection may give no reac-
tion. It is possible, however, that such birds would be thin or emaciated on handling during the
testing of a flock and thus arouse suspicion of tuberculosis.

Various modifications of the site of inoculation of tuberculin have been suggested for tur-
keys, ducks and other birds but this test has not yet proved to be reliable for these species. For
these the whole-blood, stained antigen agglutination test may be preferable. In this test a drop
of antigen (a suspension of avian tubercle bacilli) is mixed with a drop of blood from the bird
under test. A positive reaction is indicated by agglutination within 1 min. The distinct advan-
tage of this test is that birds have only to be handled once; however, its lack of specificity must
be considered.

In differential diagnosis, at necropsy, most difficulty might be in differentiation from neopla-
sia but the simple enucleation of tubercular lesions from the surrounding tissues and the dem-
onstration of typical acid fast organisms should be adequate.

In the control of this condition in poultry there are a number of basic features to be considered:
® The main sources of infection are infected hosts (live or dead) and anything that might be
contaminated by their excretions or faeces. In this respect the resistance of the organism
outside the body of the host must be appreciated. Other poultry, wild birds, pigs and other
mammals may also be of significance as reservoirs of infection

Infection can be monitored readily by clinical, necropsy, bacterial and serological means
Neither drug therapy nor vaccination is economically feasible

Greatest losses are experienced in stock older than about 18 months of age

On some premises it may be impractical to attempt eradication of indigenous infection.

Control on infected premises may be by attempting eradication of infection, or by living with
reduced infection. For eradication and the maintenance of freedom the requirements include
(1) the removal of all infected material; (2) the introduction of stock that are free of infection
(these could be day-old chicks or older stock considered to be free because of absence of clinical
signs and lesions and negative serological tests); (3) the prevention of entry of the infection to
the stock; and (4) monitoring, when appropriate, to determine freedom from infection.

Living with reduced infection can only be considered in circumstances in which it is not
practical to attempt eradication. These include circumstances where the weight of infection, and
thus the more adverse effects of the disease, may be reduced by such practices as (1) keeping
stock no longer than the first laying season, (2) monitoring for infection and disposing of positive
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reactors and (3) practising all reasonable hygienic precautions to prevent entry of the infection
and to remove it when the premises become empty. This is most difficult, if not impossible,
under free-range management.

No vaccines are available for this infection.

Although the avian tubercle bacillus has been isolated in a few instances from humans, such
cases are extremely rare and poultry would seem to be of little importance in the epidemi-
ology of human tuberculosis. Nevertheless, carcasses of tuberculous poultry should be rejected
for human consumption.

Boughton E 1969 Tuberculosis caused by Mycobacterium avium. Vet Bull 39: 457-465

Feldman W H 1983 Avian tuberculosis infections. Williams & Wilkins, Baltimore

Fulton R M, Thoen C O 2003 Tuberculosis. In: Saif Y M (ed) Diseases of poultry, 11th edn. Towa State
University Press, Ames, p 836-844

Keymer I F 1997 Mycobacterium infections of birds. Vet Rec 140: 292

Keymer I E Jones D M, Pugsley S L, Wadsworth P F 1982 A survey of tuberculosis in the birds of Regent’s
Park Gardens of the Zoological Society of London. Avian Pathol 11: 563-569

Rozanska M 1965 Preparation of the whole blood rapid agglutination test and its specificity for diagnosis
of avian tuberculosis. Bull Vet Inst Pulawy 20-25

Thorel M-F 2004 Avian tuberculosis. In: OIE Manual of diagnostic tests and vaccines for terrestrial ani-
mals, 5th edn. OIE, Paris, p 896-904

PSEUDOMONAS AERUGINOSA - PSEUDOMONIASIS

Cause

‘The genus Pseudomonas consists of many species but Pseudomonas aeruginosa is the one mainly
involved in poultry disease and the infection is worldwide. The organism is a Gram-negative,
motile, straight or slightly curved rod. It is a strict aerobe and will grow at 42°C but not at 4°C.
Fluorescence can be demonstrated when the organism is grown in special media. The organ-
ism is ubiquitous in nature, being found in soil, water, sewage, lakes, on the surface of plants
and in the intestinal contents of animals and birds. It is relatively resistant outside the body of
the host, being able to survive on a very limited food supply. In general it is resistant to a
number of antimicrobials but in this there is strain variation. It is an opportunist pathogen and
its environmental and pathogenic promiscuity is due in part to its large and genetically diverse
genome.
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Hosts

Disease associated with pseudomonads has been recorded in a range of animals and plants and
among poultry occurs in chickens, turkeys, ducks, geese, pheasants and ostriches; infection in
eggs kills embryos.

Spread

P aeruginosa is an opportunist pathogen and infection may occur through skin wounds, con-
taminated vaccines, contaminated antibiotic solutions, egg dipping or egg inocula or contam-
ination of needles used for injection. These can result in high mortality in embryos or young
chicks. Infection can also spread from infected to susceptible flocks on the same premises under
conditions of inadequate hygiene.

Influencing factors

The adverse effect of the organism can be increased by concurrent infection with other patho-
gens and by stress and immunodeficiency of the host. All ages of poultry are susceptible but
young birds are more susceptible than older stock.

The disease may be localized in such tissues as infraorbital sinuses, air sacs or integument (cellu-
litis) or it can be systemic, with septicaemic diseases of many organs and tissues. Morbidity and
mortality varies from 2% to 100%. Greatest losses occur in very young birds.

Signs

Clinical signs are influenced by which organs and tissues are affected and may vary greatly. They
can include one or more of the following: depression, incoordination, ataxia, torticollis, lameness,
swelling of the head, wattles, sinuses and joints, especially of the leg, diarrhoea, conjunctivitis
and respiratory signs. The period of incubation is very short — from a few hours to 2 days — and
the duration of systemic disease is also of short duration.

Lesions

Lesions reflect the clinical disease and include: pericarditis, perihepatitis and air sacculitis; sub-
cutaneous oedema, especially of the head and neck; cellulitis; exudate in affected joints; and
necrotic focal lesions in the liver and spleen. In some cases they may be similar to those seen in
colisepticaemia and the organism has been isolated occasionally from salpingo-peritonitis.

Differential diagnosis requires consideration of very many factors associated with systemic or

localized lesions but it may be helpful to note the opportunistic nature of the organism and that
infection frequently seems to be associated with poor hygiene or injury.

Diagnosis can be confirmed by the isolation and identification of the organism, which can
be grown readily on common bacteriological media. Biochemical tests and the demonstration
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of specific pigments aid the identification. Genotypic methods are useful for epidemiological
studies.

Prevention depends on responsible hygienic measures in all aspects of hatchery and bird man-
agement. Hygiene in hatcheries, especially in association with injection of eggs and vaccination
of chicks, is of particular importance since infection of these can result in high mortality. The
organism can also spread from infected flocks to susceptible ones on the same premises under
conditions of inadequate hygiene.

Treatment may be of value if it can be applied carly after infection. Although there is variation
among isolates in their susceptibility to antimicrobials those found to be most effective include
gentamicin, polymyxin B, neomycin and the fluoroquinolones or a combination of antibiotics.

Barnes H J 2003 Pseudomonas. In: Saif Y M (ed) Diseases of poultry, 11th edn. Iowa State University
Press, Ames, p 852-854

Devriese L A, Viaene N ], DeMedts G 1975 Pseudomonas aeruginosa infection on a broiler farm. Avian
Pathol 4: 233-237

Lusis P I, Soltys MA 1966 Pseudomonas aeruginosa Vet Bull 41: 169177

STREPTOBACILLUS MONILIFORMIS - STREPTOBACILLOSIS

It is generally considered that this organism is a commensal of low pathogenicity for rats but is
pathogenic for mice, guinea pigs, humans and turkeys.

Streptobacillus moniliformis is a Gram-negative filamentous bacterium that may be beaded.

The disease in turkeys particularly affects the legs, in which there is polyarthritis and syno-
vitis. This is associated with infection of leg wounds with S. moniliformis following rat bites.
Chickens seem to be resistant.

Diagnosis is by observation of wounds and the isolation and identification of the bacterium
from lesions. Rodent control is required for prevention and a number of antimicrobials are use-
ful for treatment, including penicillin.

Streptobacillus moniliformis can cause rat bite fever in humans.

Barnes H J 2003 Streptobacillus. In: Saif Y M (ed) Diseases of poultry, 11th edn. Iowa State University
Press, Ames, p 854

Boyer C I Jr, Bruner D W, Brown ] A 1952 A Streprobacillus, the cause of tendon sheath infection in
turkeys. Avian Dis 2: 418-425

Mohamed Y S, Moorhead P D, Bohl E H 1983 Natural Streptobacillus moniliformis infection of turkeys,
and attempts to infect turkeys, sheep and pigs. Avian Dis 13: 379-385

Yamamoto R and Clark G T 1967 Streptobacillus moniliformis infection in turkeys. Vet Rec 79: 95-100
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Herpesviridae

Members of the Herpesviridae are double-stranded, enveloped DNA viruses with roughly
spherical morphology. Virus particles are usually 100-200 nm in diameter but sometimes larger.
The capsid shows icosahedral symmetry. Members of the family show an enormous host range,
particularly in avian species, but only three viruses appear to cause significant disease in poultry.

MAREK'S DISEASE VIRUS (VENUGOPAL NAIR)

MareK’s disease, named after the Hungarian pathologist Jozsef Marek, is a lymphoproliferative
and neuropathic disease of domestic chickens and, less commonly, turkeys, quails and geese
caused by a highly contagious, cell-associated, oncogenic herpesvirus. Originally described in
1907 as a polyneuritis affecting the peripheral nerves, it was not until 1926 that the disease was
recognized as a neoplastic disease producing tumours in several visceral organs. In the 1950s,
the lymphomatous forms of the disease, referred to as ‘visceral lymphomatosis’ or ‘acute leu-
kosis’, became widespread in the USA, particularly in broilers. The long-standing confusion
between Marek’s disease and other neoplastic diseases of chickens with regard to their aetiology
was not resolved until 1967 when it was shown that Marek’s disease was caused by a herpesvi-
rus, in contrast to the retrovirus-induced leukoses and tumours.

Losses from the acute lymphomatous form of the disease reached their peak in the late
1960s in the USA and other countries. In 1970 the losses from carcass condemnation of broil-
ers, mainly from Marek’s disease, amounted to about US$200 million per annum, representing
1.6% condemnation of all broilers examined. With the widespread use of live Marek’s disease
vaccines, which became available in the early 1970s, there was a substantial reduction in losses
worldwide. However with the increasing reports of vaccination breaks and emergence of more
virulent pathotypes, MareK’s disease still remains a significant avian disease of major economic
importance. As it is not notifiable, the assessment of the true worldwide incidence and economic
impact of Marek’s disease is difficult. Nonetheless, a recent survey has indicated that it remains
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a major problem in many countries. The most recent estimates of economic impact of Marek’s
disease on the world poultry industry is in the range of US$1-2 billion annually.

Cause

The causative agent of MareK’s disease is a cell-associated lymphotropic herpesvirus, designated
Marek’s disease virus (MDV). Because of its lymphotropic nature, MDV was originally classified
in the family Herpesviridae as a member of the subfamily Gammaherpesvirinae together with
Epstein—Barr virus (EBV) and the oncogenic herpesviruses of nonhuman primates Herpesvirus
saimiri and Herpesvirus ateles. However, on the basis of the genomic organization, MDYV is cur-
rently placed in the genus Mardivirus together with alphaherpesviruses such as Herpes simplex
virus. Within the genus Mardivirus, closely related but distinct species of viruses are grouped
together. These include:

® Serotype 1 MDV (gallid herpesvirus type 2), which includes all the pathogenic strains of

MDYV as well as the attenuated strains such as CV1988

® Serotype 2 MDYV (gallid herpesvirus type 3)
¢ Serotype 3 herpesvirus of turkey (HVT, meleagrid herpesvirus type 1).
Serotype 1 MDV consists of isolates that show wide variation in their pathogenicity and, on the
basis of their pathogenic properties, can be grouped as mild (mMDV), virulent (vMDV), very
virulent (vwwMDV) and very virulent + (vww+MDV) pathotypes. The emergence of new patho-
types represents a continuous evolution of MDV towards greater virulence.

MDYV DNA is a linear, double-stranded molecule of about 170kb, consisting of a unique
long region (Up) flanked by a set of inverted repeat (TR and IR;y) regions and a unique short
region (Ug) flanked by another set of inverted repeat (IRg and TRg) regions. Recently, the com-
plete genome sequences of several MDYV strains have been determined. The MDV genome has
the capacity to encode more than 100 proteins, comprising both proteins homologous to those
in other herpesviruses and proteins unique to MDV.

Hosts

MDYV infection mainly occurs in domestic chickens and is ubiquitous among poultry popu-
lations throughout the world. The infection in other species is rare, but occasionally the dis-
ease occurs in turkeys and quails. Recently, Marek’s disease has also been reported in migratory
white-fronted geese in Japan. There is no conclusive evidence of human infection with MDV. In
commercial chicken houses where the infection is rampant, virtually all birds become infected,
commonly within the first few weeks of life, although on occasions this may be delayed. Because
of the prevalence of serotype 1 viruses of varying pathogenicity and nonpathogenic serotype 2
in the poultry house environment, birds can be infected with more than one MDV strain. There
is some evidence to suggest that, with increasing age of the birds, the frequency of isolation of
nonpathogenic viruses becomes higher. Natural infection by nonpathogenic MDV can provide
immunity to subsequent infection by a virulent strain.

Spread

The transmission of MDV occurs by direct or indirect contact, apparently by the airborne
route. The epithelial cells in the keratinizing layer of the feather follicle replicate fully infectious
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virus and serve as a source of contamination of the environment. The shedding of the infected
material occurs about 2—4 weeks after infection, prior to the appearance of the clinical disease,
and can continue throughout the life of the bird. The virus associated with feather debris and
dander in contaminated poultry house dust can remain infectious for many months. Although
the inhalation of infected poultry house dust remains the commonest route of disease spread,
other less common mechanisms of indirect transmission, such as those involving darkling bee-
tles (Alphitobius diaperinus), may also play a minor role in transmission. There is no evidence for
vertical transmission of MDV through the egg.

Because of the ubiquitous nature of the infection and the ability of MDV to survive for long
periods outside the host, flock infections usually occur early in the life of the bird. In add-
ition, hatched chicks in most flocks have maternally derived antibodies, which disappear in
most chickens by 3—4 weeks of age. The rate of the spread of Marek’s disease within a flock can
vary greatly and depends on, among several factors, the level of initial exposure and the concen-
tration of susceptible birds. A number of stress factors, including those from handling, change
of housing and vaccination, are thought to increase disease incidence. There is also a sex influ-
ence on the disease, as females tend to develop more tumours.

Diagnostic procedures for Marek’s disease include both pathological and virological methods.
Pathological diagnosis identifies the nature of the tumour, whereas virological diagnosis identi-
fies the acetiological agents present in a bird or flock.

Clinical signs

Although clinical signs associated with Marek’s disease can occur in chickens from 4 weeks of
age, signs are most frequently seen between 12 and 24 weeks of age and sometimes later. The
incubation period can vary from a few to many weeks. In some of the virulent pathotypes that
produce severe cytolytic disease, the incubation period can be shorter. The following are some of
the characteristics of the different forms of the disease.

Classical form In this form of the disease, with mainly neural involvement, mortality rarely
exceeds 10-15%, occurring over a few weeks or many months. The most common clinical sign
is partial or complete paralysis of the legs and wings (Fig. 23.1). The signs can vary from bird
to bird depending on the involvement of the different nerves. When the nerves controlling the
neck muscles are affected, signs such as bending of the head or torticollis are seen. Similarly, the

Fig. 23.1 Paralysis of the legs in a bird with Marek’s
disease.
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involvement of the vagus nerve can result in the paralysis and dilation of the crop. Such birds
may also show symptoms of gasping and respiratory distress.

Acute form In this form of the disease, where there is usually formation of lymphomas in the
visceral organs, the incidence of the disease is frequently between 10-30% and in major out-
breaks can go up to 70%. Apart from generalized manifestations such as depression, weight loss,
anorexia and diarrhoea, the clinical signs are less marked. Mortality can increase rapidly over a
few weeks, and then cease, or can continue at a steady or falling rate over several months.

Acute cytolytic disease In infections with some of the recently isolated vvMDV strains, an
acute cytolytic disease with severe atrophy of the lymphoid organs is recognized. This form of
the disease, also described as ‘early mortality syndrome’, results in very high mortality usually
between 10 and 14 days of age.

Transient paralysis This is a rather uncommon manifestation of MDV infection that occurs
between 5 and 18 weeks of age. Affected birds suddenly develop varying degrees of ataxia, par-
esis or paralysis of the legs, wings and neck. The disease is commonly observed 8—12 days after
infection, usually lasts only for about 24-48h and is associated with oedema of the brain. In
some cases, the transient paralysis can be fatal.

Macroscopic lesions

In the classical form of Marek’s disease, the characteristic finding is the enlargement of one or
more peripheral nerves (Fig. 23.2). The most commonly affected nerves that are easily seen on
post-mortem examination are the brachial and sciatic plexus and nerve trunks, coeliac plexus,
abdominal vagus and intercostal nerves. The affected nerves are grossly enlarged and often two
or three times their normal thickness. The normal cross-striated and glistening appearance of
the nerves is lost: they have a greyish or yellowish appearance and are oedematous. Lymphomas
are sometimes present in this form of the disease, most frequently as small, soft, grey tumours in
the ovary, kidney, heart, liver and other tissues.

In the acute form, the typical lesion is the Widespread, diffuse lymphomatous involvement
of visceral organs such as the liver, spleen, ovary, kidney, heart and proventriculus. Sometimes
lymphomas are also seen in the skin around the feather follicles and in the skeletal muscles.
Affected birds may also show involvement of the peripheral nerves similar to that seen in the
classical form. The liver enlargement in younger birds is usually moderate compared with that
in adult birds, where the liver is greatly enlarged and the gross appearance is very similar to that
seen in lymphoid leukosis. In the acute cytolytic form of the disease caused by some of the viru-
lent isolates, extensive atrophic changes may result in the complete disappearance of the thymus
and bursa of Fabricius.

Microscopic lesions

Although gross lesions can provide indications of the nature of the neoplasm, histopatho-
logical examination is essential for accurate diagnosis. For this, it is important that fresh tissues are
collected into fixative from several cases from an affected flock. The most useful set of tissues to
collect for the diagnosis of Marek’s disease include the liver, spleen, bursa of Fabricius, thymus,
heart, proventriculus, kidney, gonads, kidney, nerves, skin and other gross tumour tissues.
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Fig. 23.2 Enlarged brachial and sciatic nerves and an

ovarian lymphoma (arrow) in a chicken with Marek'’s
disease.

The peripheral nerves in both classical and acute forms of the disease are affected by prolifera-
tive, inflammatory or minor infiltrative changes that are termed A-, B- and C-type lesions respect-
ively. The A-type lesion consists of infiltration by proliferating lymphoblasts, large, medium and
small lymphocytes and macrophages, and appears to be neoplastic in nature. Nerves with B-type
lesions show oedema and infiltration by small lymphocytes and plasma cells with Schwann cell
proliferation, and the lesion appears to be inflammatory. The C-type lesion consists of a mild
scattering of small lymphocytes and plasma cells, often seen in birds that show no gross lesions
or clinical signs, and is thought to be a regressive inflammatory lesion. Demyelination, which is
frequently seen in nerves showing A- and B-type lesions, is responsible for the paralytic symp-
toms. Birds showing signs of acute transient paralysis have extensive vasculitis involving cerebel-
lum, cerebrum and optic lobes.

Lymphomas seen in the visceral organs and other tissues are similar cytologically to the lym-
phoproliferations in the nerve A-type lesions. The lymphoid cells are usually of the mixed type,
with a preponderance of small and medium lymphocytes. But sometimes, especially in adult
birds, large lymphocytes and lymphoblasts may predominate. The polymorphic population of
the lymphoid cells, as seen in impression smears or tissue sections of Marek’s disease lymph-
omas, is an important feature in differentiating it from lymphoid leukosis (Table 23.1). The thy-
mus and bursa of Fabricius in birds with acute cytolytic disease show severe atrophic changes
replacing most of the lymphoid cells. Neoplastic lymphomatous lesions can also develop in
these organs. Rarely, arterial lesions showing proliferative changes in the aortic, coronary, coeliac
and mesenteric arteries are reported in cases of MDV-associated atherosclerosis.
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Table 23.1] Important gross and microscopic features for the differential diagnosis
of Marek's disease and lymphoid leukosis

FEATURE MAREK'’S DISEASE LYMPHOID LEUKOSIS

Age Few days to many weeks Not less than 16 weeks

Clinical signs Frequently paralysis Nonspecific

Incidence Usually more than 5% in unvaccinated Rarely more than 5% of infected
flocks flocks

Gross lesions

Neural enlargement Frequent Absent
Bursa of Fabricius Diffuse enlargement or atrophy Nodular tumours
Proventriculus, skin May be present Usually absent

and muscle tumours

Microscopic lesions

Neural involvement Frequent Absent

Liver tumours Mostly perivascular Usually focal or diffuse

Spleen tumours Usually diffuse Mostly focal

Bursa of Fabricius Interfollicular tumours and/or atrophy of Intrafollicular tumours
lymphoid follicles

Lymphoid proliferation Frequently present Usually absent

in skin/feather follicles

Central nervous system Lesions may be present Usually absent

Cytology of tumours Usually pleomorphic lymphoid cells Lymphoblasts of uniform morphology
consisting of lymphoblasts, small, medium usually of clonal origin

and large lymphocytes and reticulum cells

Category of neoplastic T lymphocyte B lymphocyte
lymphoid cell involved

Pathogenesis

The pathogenesis of MareK’s disease is complex, with infection occurring through the respira-
tory route from the inhalation of poultry house dust contaminated with the virus (Fig. 23.3).
After an early cytolytic infection mainly in the B lymphocytes in the bursa, spleen and thymus
at 3-5 days post-infection, the virus infects the activated T lymphocytes, mainly of the CD4™*
phenotype. The infection in the T lymphocytes becomes latent at 6-7 days post-infection and
the virus is spread throughout the body by the infected lymphocytes, which persist as a cell-
associated viraemia. A secondary cytolytic infection occurs in the feather follicle epithelium from
about 10 days after infection, from where infectious-cell-free virus is produced and shed into the
environment in feather debris and dander. The latently infected T lymphocytes are subsequently
transformed, leading to the development of lymphomatous lesions in the visceral organs. The
main target cells for transformation in natural infections are the CD4™ T cells, although the
virus also has the potential to transform CD8" T cells.

Virus isolation

MDYV infection in a flock can be detected by isolating the virus from the infected tissues.
Materials commonly used for the isolation of the virus are buffy coat cells from heparinized
blood samples, or suspensions of lymphoma and spleen cells. As MDV is highly cell-associated,
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Fig. 23.3 Schematic diagram showing the different stages of the pathogenesis of Marek’s disease.

it is essential that the suspensions contain viable cells. These cell suspensions are inoculated into
monolayer cultures of chick kidney cells or duck and chicken embryo fibroblasts. Evidence of
MDYV replication in the culture can be seen as plaques, which appear in 3—4 days. Less com-
monly feather tips, from which cell-free MDYV can be extracted, are also used for virus isolation.

Virus characterization

The MDYV serotypes isolated in culture can be differentiated on the basis of the time of appear-
ance, rate of development and morphology of the plaques and by using specific antibodies.
Recently, molecular biological techniques such as polymerase chain reaction (PCR) tests have
been used widely to differentiate between the oncogenic and vaccine strains. Quantitative PCR
methods have also been used for accurate estimation of MDV genome copy numbers in various
tissues. Such methods have shown that feather follicle epithelium is a rich source of MDV com-
pared with the lymphoid cell targets. Diagnosis can also be made by detection of viral antigens
or nucleic acids by immunofluorescence and immunohistochemical methods using polyclonal
and monoclonal antibodies or by using in situ hybridization using MDV-specific nucleic acid
probes or PCR.

Serology

The presence of antibodies to MDV in birds from about 4 weeks of age is an indication of
infection. Antibodies detected in birds before that age are likely to represent maternally derived
antibodies and are not considered evidence of active infection. Although there are no pre-
scribed serological tests for detection of MDV-specific antibodies, the agar gel immunodiffusion
(AGID) test is employed most commonly for this purpose. Disrupted MDV-infected tissue cul-
ture cells or the extracts of infected feather tips or feather tracts can be used as the antigen for
this test.
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Because of the highly contagious nature of MDV and its ability to survive for long periods,
both within the host and in the environment, eradication of the disease is difficult. Control of
the disease is based mainly on preventive vaccination, with improved management methods and
use of genetically resistant birds.

Vaccination

The development of vaccines for the control of Marek’s disease was a significant landmark both
in avian medicine and basic cancer research, as this was the first example of a neoplastic disease
controlled by the use of a vaccine. Vaccination represents, currently and at least for the fore-
seeable future, the main strategy for the prevention and control of Marek’s disease. Live virus
vaccines, used since 1970, are still the cornerstones of disease control programmes. These are
usually administered to day-old chicks at hatching to provide protection against the natural
challenge the chicks are exposed to early in life from the infected poultry house environment.
With the introduction of in ovo immunization methods, an increasing number of birds are vac-
cinated by this route. Marek’s disease vaccines are highly effective, often achieving over 90%
protection under commercial conditions. Commercially available vaccines have been derived
from all the three serotypes and are usually administered at the minimum recommended dose
of 1000 plaque-forming units (pfu) per chick.

Serotype 1 vaccines Commercial vaccines developed from the members of this species include
the attenuated HPRS-16 and the CVI988/Rispens strain of MDV vaccine. The CVI988/
Rispens strain appears to be able to afford protection against the challenge from more recently
isolated vvMDV and vw+MDV pathotypes.

Serotype 2 vaccines Naturally nonpathogenic strains of MDV belonging to serotype 2 are
widespread among poultry flocks. Vaccines derived from these strains are protective against
many virulent pathotypes but less so against very virulent strains. Cell-associated serotype 2 vac-
cines incorporating SB-1 and 301B/1 strains are available commercially.

Serotype 3 vaccines FC-126 strain of HVT is widely used commercially in many countries
and is highly effective against virulent MDYV strains but is less effective against some of the very
virulent pathotypes. However, HVT continues to be widely used because of its low cost, avail-
ability as cell-free and cell-associated forms and effectiveness when field exposure is not severe.

Polyvalent vaccines The concept of polyvalent vaccine evolved from the demonstration of
protective synergism, where the protection was greater with a combination of two vaccines than
with individual components. HVT and SB-1 strains comprised the first commercial bivalent
vaccine based on the protective synergism demonstrated between MDV-2 and HVT vaccines.
Other bivalent vaccines that are available commercially include the combinations of HVT with
either CVI988/Rispens or 301B/1 strains.

Recombinant vaccines Recombinant DNA technology potentially offers several advantages for
the development of superior vaccines with very little residual pathogenicity. Experimentally, it has
been demonstrated that fowl pox virus and HVT expressing the glycoprotein B (gB) gene of sero-
type 1 MDV offered significant levels of protection against MDV. Currently, two recombinant
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HVT vaccines expressing Newcastle disease virus HN and F or MDV genes have been licensed
for use in the USA.

Although Marek’s disease vaccines were successful in controlling major losses from the disease,
there have always been threats of vaccine failures. The causes of these failures include improper
use of the vaccine, exposure to virulent viruses before the development of immunity, inter-
ference from maternally derived antibodies and emergence of virulent viruses that can break
through the immunity.

Biosecurity

Since vertical transmission of infection does not occur in Marek’s disease, chickens hatched and
reared in isolation will be free of MDV. However, because of the highly infectious and ubi-
quitous nature of the virus, it is often difficult to maintain freedom from disease without vac-
cination programmes. Nevertheless, the use of vaccines should not be an alternative to good
management or implementation of effective biosecurity measures. Management measures fol-
lowed adequately should delay and lessen the seriousness of the disease. Young chicks should be
reared in isolation from older flocks for the first 2-3 months, when the infection is most likely
to have serious consequences. An ‘all-in/all-out’ policy should be the preferred option for the
whole site. This would make it possible to break the infection cycle by disinfection when the
houses are empty. Removal of used litter and disinfection of buildings are important aspects
of disease control, especially in view of the possibility of selection for pathogens with increased
virulence. Furthermore, placing the chicks in an environment heavily contaminated with virus
before they have developed a solid immunity can lead to vaccination breaks. Strict biosecurity
is also necessary to prevent the introduction of new MDV strains into a farm. Because insects
could act as reservoirs of infection, treatment of premises with insecticides is desirable.

Selection for genetic resistance

Genetic resistance to Marek’s disease is well documented and susceptible and resistant lines can
be developed by progeny testing, selection from survivors of Marek’s disease challenge, or blood
typing. Two distinct genetic loci that play a major role in controlling resistance have been iden-
tified. The best characterized association is the one between the chicken major histocompatibil-
ity complex (MHC) and resistance to Marek’s disease, the most notable being the association
with the B?! allele. This association develops early in life and is accompanied by reduced num-
bers of infected T cells. A second type of resistance associated with non-MHC genes is provided
by the observation that RPL line 6 and 7 chickens, which are both homozygous for the same
MHC allele, differ markedly in Marek’s disease susceptibility. Mapping of genes associated with
resistance to MareK’s disease is in progress and the recent availability of the chicken genome
sequence and the panel of microsatellite and single nucleotide polymorphism (SNP) markers
will assist in making major strides in this area in the future. As more such tools for selection for
genetic resistance become available, poultry breeders will have the opportunity for genetic selec-
tion for resistance against Marek’s disease.

The high prevalence of Marek’s disease and the widespread use of live Marek’s disease vaccines
have raised some concerns about infection of humans. However, there is no conclusive evidence
of human infection with MDV.
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INFECTIOUS LARYNGOTRACHEITIS (RICHARD C. JONES)

Infectious laryngotracheitis is a viral respiratory disease that affects chickens. It was first reported
in the USA in 1924 and its earliest recorded occurrence in the UK was in 1935. It is recognized
worldwide. The causal virus does not seem to be as invasive as other viral respiratory diseases
and regions free of the infection seem to exist close to areas where the infection is indigenous.
Serious disease outbreaks occur periodically when strains of infectious laryngotracheitis virus
(ILTV) spread from persistently infected flocks to nonvaccinated birds. Both field strains and
live attenuated vaccines have been shown to establish latent infections. The more severe forms
of the disease are of considerable economic importance, since they may result in high mortality
and greatly reduced production.

Cause

The causal agent is a virus of the family Herpesviridae and the subfamily Alphaberpesvirinae,
and is designated Guallid herpesvirus 1 (Iltovirus = ILT-like viruses). Antigenically, the virus
strains appear to be homogeneous when examined by methods such as serum neutralization,
immunofluorescence and enzyme-linked immunosorbent assay (ELISA). However, strains have
been differentiated by restriction endonuclease analysis of DNA, PCR and restriction fragment
length polymorphism and these techniques have allowed differentiation between field and vac-
cine strains. Field strains may show considerable variation in virulence.

ILTV can survive away from the host for several weeks under farm conditions and longer when
the environment is very cold, especially in the presence of organic material such as mucus, blood
and faeces.

The virus grows well on the chorioallantoic membrane of the chicken embryo, where it pro-
duces pocks, and it can be adapted to grow in the turkey and duck embryo. ILTV also grows
readily in chick embryo liver, lung and kidney cell cultures where it causes syncytium-type cyto-
pathic effects.

Hosts

The virus seems naturally to infect only domestic fowl and occasionally pheasants. All ages of
fowl are susceptible and, although greatest susceptibility occurs in the very young, the disease
is most commonly seen in the field in birds 3-9 months old. In endemic areas older birds are
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frequently immune. In general males are more susceptible than females and the heavier breeds
more susceptible than light ones.

The disease may be exacerbated by concurrent infection with a variety of other pathogens
such as Newcastle disease, infectious bronchitis and fowl pox viruses, and Haemaphilus para-
gallinarum and Mycoplasma gallisepticum. Deficiency of vitamin A and excess ammonia in the
atmosphere may also predispose birds to more severe disease.

Spread

Transmission of ILTV through the egg has never been reported and newly hatched chicks are
free from infection. Virus enters the bird in infective droplets or mucus via the upper respira-
tory tract and conjunctiva and remains confined to the respiratory tract. It is shed mainly in
exudates from the nares, oropharynx, trachea and conjunctiva and is transmitted in aerosol or
expectorant form (blood and mucus). Among recovered birds and even birds given attenuated
live vaccines, the virus can become latent and the birds become carriers. The virus remains in
latent form in the trigeminal ganglia in the brain. Such birds, which usually show no signs of
disease, may excrete the virus intermittently for long periods, perhaps for life, and a number of
factors, such as the movement of stock, handling, social stress and the onset of lay, have been
shown to precipitate re-excretion. These birds can act as an unsuspected source of infection.

The living infected bird is the most important source of infection and spread of disease, par-
ticularly in the early stages of infection. Movement of such birds, or even mildly affected stock
or carriers, is a particularly potent method of spreading infection. Because of the survival of the
virus outside the body of the host, fomites such as infected crates, receptacles, equipment and
buildings and mechanical carriers such as personnel, wild birds, vermin and cats and dogs can
be transmitters of the virus.

The history of ILT in individual birds and in a flock in a region where it has occurred before
and the clinical signs and lesions in the more severe forms in which there is gasping respiration
and tracheal haemorrhage, are virtually diagnostic of infectious laryngotracheitis. However, the
mild form may be very difficult or impossible to distinguish clinically or at necropsy from other
mild respiratory diseases. In these cases, for confirmation of infection, it is necessary to demon-
strate the presence of the virus or an increase in antibody titre between acute and convalescent
sera. Diagnostic methods available for infectious laryngotracheitis are: (i) histological examin-
ation of the trachea; (ii) virus detection and (iii) antibody detection.

Clinical signs

In the individual bird under commercial conditions, the period of incubation is about 6-12
days. Infection may result in peracute, acute or mild disease or asymptomatic infection. In the
peracute form, birds may be found dead without prodromal signs or show sudden acute dys-
pnoea with severe coughing and expectoration of mucus, bloodstained exudate and blood clots,
followed by death within 1-3 days. In acute infectious laryngotracheitis, dyspnoea is a feature
but it is not as sudden in onset or as severe as in the peracute form. In some, increasing obstruc-
tion of the trachea with exudate causes the bird to breathe with long-drawn-out gasps, with
a wide-open beak and often a high-pitched squawk, and invariably moist rales can be heard.
There may be nasal discharge and conjunctivitis with frothy exudate at the anterior canthus of
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the eye. In most severely dyspnoeic birds there is cyanosis of the face and wattles and death usu-
ally occurs in 3—4 days. In others, the dyspnoea increases in severity over several days and then
subsides and recovery occurs in 2-3 weeks.

In the mild form there may be one or more of the following signs: moist rales, slight cough-
ing and head shaking, nasal exudate and conjunctivitis. Affected birds show depression com-
mensurate with the severity of disease and the more severely affected birds are recumbent on
their hocks. Egg production is also affected and may cease entirely for a time but, in those birds
which recover, egg production in uncomplicated cases returns to the expected level. There is no
loss of egg quality. The asymptomatic form occurs without clinical signs and its presence in a
small flock may go undetected.

The nature of disease in flocks may mirror the condition in the individual birds. In some of
the more severe outbreaks there is very high morbidity and as many as 70% of the affected birds
may die. In some outbreaks, all forms of the disease may be seen throughout while in others
only the milder form of the disease exists or as a sequel to a more severe form in the early part
of an outbreak. In mild outbreaks most birds can appear clinically normal with perhaps a few
showing conjunctivitis or tracheitis at necropsy.

Lesions

The gross lesions vary with the severity of the disease but in most cases are restricted to the
upper respiratory tract. In the peracute form there is haemorrhagic tracheitis in which the
trachea contains blood casts throughout the whole or part of its length or is filled with blood-
stained mucus, and the primary bronchi may also be affected. This material is responsible for
respiratory obstruction. In the acute form, caseous diphtheritic exudate, mucus and some haem-
orrhage occur in the trachea and frequently cause an obstructive or partially obstructive plug in
the laryngeal and syrinx regions. The tracheas themselves are often very congested and cyanotic.
In the mild forms there may be excess mucus with or without small amounts of diphtheritic
exudate in the trachea. The nares may similarly show an inflammatory response but mainly with
caseous exudates. Conjunctivitis is the most common ocular lesion. Occasionally there may be
diphtheritic and caseous lesions in the oropharynx and larynx and this may be confused with
the diphtheritic form of fowl pox or with avitaminosis A.

'The lungs and air sacs are relatively rarely affected but there may be congestion of the lungs and
some thickening of the interclavicular, thoracic and abdominal air sac walls and caseous exud-
ate in the lumen.

Histologically the mucosa of the respiratory tract shows an inflammatory response and necro-
sis, with or without haemorrhage, which mirrors the severity of the clinical disease. A diagnostic
feature is the presence of Cowdry type A intranuclear inclusion bodies in some epithelial cells.
These are characterized by a condensed nucleus surrounded by a halo and margination of the
chromatin. It is important to note that they are present only for a few days before desquamation
of the epithelial cells and may be difficult to demonstrate.

Nonetheless, the development of these eosinophilic intranuclear inclusions in the respiratory
and conjunctival epithelium is pathognomonic for infectious laryngotracheitis. Epithelial hyper-
plasia gives rise to multinucleated cells (syncytia), which include these inclusions with haem-
orrthage of the lamina propria. There is desquamation of the necrotic epithelium and loss of
mucous glands. Regeneration occurs after about 6 days, after which it may no longer be possible
to see the inclusions. Thus, their transient nature and the inability to see them does not exclude
a diagnosis of infectious laryngotracheitis. Inclusion bodies may be observed after staining with
Giemsa or haematoxylin and eosin after embedding the trachea in paraffin wax. Longitudinal
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sections of the trachea may provide a greater opportunity to observe the inclusions at different
levels of the tissue.

Virus detection/isolation

The simplest method of virus identification in clinical material is by agar gel immunodiffusion
(AGID) tests using a hyperimmune serum to ILTV. Virus is tested in macerated tracheal and
laryngeal tissue from the affected bird but, although it is easy to perform, the test relies on a
hyperimmune antiserum and is relatively insensitive. It is of value as a simple method of differ-
entiating infectious laryngotracheitis from the diphtheritic form of fowl pox.

Isolation of ILTV may be conducted in embryonated eggs or cell cultures. Exudate and epi-
thelial scrapings or tracheal swabs, taken as soon as possible after the onset of clinical signs,
are emulsified in nutrient broth and the supernatants are inoculated on to the dropped chorio-
allantoic membrane of 10-12-day-old fertile chicken eggs or preformed monolayers of chick
embryo liver cell cultures. Inoculation of eggs with ILTV results in the production of pocks
on the chorioallantoic membrane. Inoculation of cell cultures causes syncytium formation after
several days. In both instances, more than one passage may be required before the virus causes
these effects. Then, the virus needs to be identified by some other means such as immunofluo-
rescence, virus neutralization or electron microscopy. Identification by virus isolation is time-
consuming and laborious but sensitive.

More rapid methods for detecting ILTV include immunofluorescence or immunoperoxidase
staining of tracheal sections, an antigen capture ELISA, electron microscopy, DNA hybridiza-
tion techniques and PCR. Immunofluorescence or immunoperoxidase testing is done on sec-
tions or epithelial scrapings from affected birds. The capture ELISA is claimed to be as accurate
as but faster than virus isolation and more accurate than immunofluorescence. The use of direct
electron microscopy for the examination of emulsified tracheal scrapings after negative staining
provides potentially the most rapid method of detecting ILTV. From receipt of material, it is
possible to observe herpesvirus particles in less than 1h, although use of the electron micro-
scope requires high titres of virus to be present in the samples, so it should not be relied upon as
the only detection method.

Methods for identifying ILTV DNA in clinical samples are now used widely for diagnosis.
Dot-blot hybridization assays and cloned virus DNA fragments have been shown to be highly
sensitive for detecting virus when isolation and ELISA were negative. PCR has several advan-
tages including being quick (1-2 days), more sensitive than virus isolation for clinical samples,
especially when other contaminant viruses such as adenoviruses are present, and superior to isol-
ation in the recovery phase. The use of PCR in conjunction with restriction fragment length
polymorphism enables the differentiation between field strains and vaccine strains.

Serology

Techniques used for monitoring antibodies to ILTV in chicken serum, include AGID, virus
neutralization, indirect immunofluorescence and ELISA. For AGID, antigen is provided by
virus-infected chorioallantoic membranes or cell cultures. The test is very simple and can be
performed in any laboratory but it is relatively insensitive. Virus neutralization tests are time-
consuming and may be done using fertile chicken eggs inoculated by the chorioallantoic membrane
route with enumeration of the pocks on the chorioallantoic membrane. Alternatively, they may
be done more conveniently in cell cultures in microwell plates. Antibodies to ILTV can be dem-
onstrated by indirect immunofluorescence by application of test sera to fixed, preinfected cell
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cultures. The method is sensitive but, since it relies on the intensity of fluorescence perceived by
individuals, interpretation may be subjective.

ELISA offers ease of testing large numbers of sera, with semiautomation and commercial kits
are available. It has been shown to be more sensitive than virus neutralization and of compar-
able sensitivity to indirect immunofluorescence. ELISAs are therefore the system of choice for
flock testing.

In areas where the disease is indigenous it is extremely difficult to prevent the entry of the virus
into susceptible flocks, especially on continuous production sites. In such circumstances vac-
cination is of value (see Ch. 4). For this purpose live vaccine is used. In high-risk areas it may
be necessary to vaccinate at 1-3 days of age, although very young chicks are more likely to be
adversely affected by vaccine than older stock. In other areas vaccination may be delayed to any
age between 3 and 18 weeks. Birds may be vaccinated on more than one occasion with a period
of 2-3 weeks between. The methods of vaccination include eye drop application, coarse spray,
inclusion in the drinking water or (rarely) cloacal scarification. The protection produced seems
variable but generally persists in a flock over several months. Because protection may be rapid
following vaccination, it is worthwhile considering vaccination in the face of an outbreak, espe-
cially in the early stages.

A disadvantage of the use of live vaccine is the possible spread of the virus, particularly within
a week or 10 days of vaccination, and the production of carriers, since the live virus can become
latent. This may lead to infection becoming indigenous. For these reasons, in areas where the
disease is not endemic but where an outbreak has occurred, it may well be economically sound
to destock completely and thoroughly clean and disinfect before restocking with birds free of
the infection.

Several features of infectious laryngotracheitis have led to the suggestion that the disease could
be a candidate for eradication under certain circumstances. These include the relatively slow
spread, the apparent lack of major hosts other than the chicken, no egg transmission and the
single serotype. Such a strategy would depend on the provision of a genetically modified deletion
vaccine and an appropriate ELISA to distinguish vaccinated birds from those infected naturally.

Bagust T J, Guy J S 2003 Laryngotracheitis. In: Saif Y M (ed) Diseases of poultry, 11th edn. Towa State
University Press, Ames, p 527-540

Bagust T J, Johnson M A 1995 Avian infectious laryngotracheitis: virus—host interactions in relation to
prospects for eradication. Avian Pathol 24: 373-391

Bagust T J, Jones R C, Guy J J 2000 Avian infectious laryngotracheitis. Rev Sci Tech 19: 483-492

Hughes C S, Jones R C, Gaskell R M et al 1987 Demonstration in live chickens of the carrier state in
infectious laryngotracheitis. Res Vet Sci 42: 407-410
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DUCK VIRUS ENTERITIS (RICHARD E. GOUGH)

Duck virus enteritis (DVE), also called duck plague, is a contagious disease of waterfowl
(Anseriformes) caused by a herpesvirus. The disease was first diagnosed in the Netherlands
in 1949 and has since been reported in other European countries, North America and Asia.
Outbreaks in commercial ducks and geese are usually associated with contact with wild water-
fowl. As with many other herpesvirus infections there is evidence that birds that survive the dis-
ease may become carriers and intermittently excrete the virus for several years. A feature of DVE
is the marked seasonality of the disease, with the majority of outbreaks in Europe and North
America occurring between April and June.

Cause

Duck enteritis herpesvirus (DEHV), anatid herpesvirus 1, is a member of the Herpesviridae
family and is placed in the subfamily Alphaherpesvirinae but has not been assigned to either of
the two genera currently specified. Enveloped virus particles have typical herpesvirus morph-
ology but can range in size from 160-380 nm. The nucleocapsids are approximately 75-100 nm
in diameter and the viral genome is dsSDNA with a molecular weight of 119 X 10°. DEHV is a
heat-labile virus and similar to other herpesviruses in its sensitivity to chemicals, extremes of pH
and disinfectants. Using plaque reduction, virus neutralization and cross protection tests no dif-
ferences in antigenicity between isolates of DEHYV had been demonstrated until a recent report
from Vietnam suggested the presence of two subtypes of DEHV in that country.

Isolates of DEHV from North America, the UK and the Far East have been examined using
restriction endonuclease and PCR analysis but significant differences were not detected, although
minor differences in gel banding patterns were reported between vaccine and field strains of
DEHV. Differences in virulence between isolates of DEHV have also been reported but as yet no
molecular basis for these differences has been identified. Similar molecular studies have shown
no relationship between DEHYV and a selection of other avian herpesviruses.

A herpesvirus associated with high mortality in a flock of domestic geese in Australia has been
shown to be antigenically and genomically distinct from DEHV.

Hosts

Outbreaks of DVE have occurred in a wide variety of domestic and feral ducks, geese and swans
(Order Anseriformes). Some species are highly susceptible, such as domestic Muscovy ducks
(Cairina moschata), while others, such as mallards (Anas platyrhynchos), appear more resistant to
infection.

Anseriformes of all ages are susceptible to infection and frequently it is breeding birds that
succumb. An outbreak in commercial Pekin ducks caused significantly higher mortality in
breeders than in immature ducks.

Transmission studies in a variety of other nonwaterfowl species have failed to cause infection
or an antibody response.

In captive or feral waterfowl several important factors will influence the course of disease
including stress, concentration of birds, breeding condition, time of year, environment and spe-
cies and interaction with other waterfowl. In North America and the UK over 80% of outbreaks
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occur during April to June, which coincides with the spring migration and the onset of breeding
in wild and feral waterfowl. PCR testing for DEHV of cloacal swabs from captive and non-
migratory waterfowl in the USA showed that shedding of virus peaked during the month of May
and had significantly declined by September.

In commercial ducks introduction of the virus is usually due to transmission from wild water-
fowl. Once the infection has been established many other factors related to commercial poultry
production, including the environment, nutrition, management procedures and control meas-
ures, will influence the course of the disease.

There is no known public health significance associated with DEHV.

Spread

Water is particularly important for the transmission of DEHYV in both commercial and feral
waterfowl as virus is shed in large quantities via the cloaca, which is also the main portal of entry.
An outbreak in commercial ducks and geese in the UK occurred when the fields on which the
ducks were being fattened became flooded. Following contact with Mallard ducks that shared
the flooded fields, the commercial ducks succumbed to DVE resulting in high mortality. It is
most likely that natural infections of waterfowl may occur by either oral or cloacal routes.

In immunocytochemical studies the primary site of replication was found to be in the mucosa
of the digestive tract, particularly the oesophagus and cloaca. Thereafter, spread to other organs
occurs, principally the bursa of Fabricius, thymus, spleen and liver. Viral antigen can be detected
in the nuclei and cytoplasm of epithelial, macrophage and lymphocyte cells.

Another important factor influencing the spread of infection is the ability of DEHV to
remain latent in the immune host. Carrier birds may then shed virus and cause infection and
disease among susceptible waterfowl. In North America it was shown that mallards, Canada
geese and black ducks that had survived DVE were still shedding virus 4 years after infection.
Outbreaks of DVE in collections of ornamental or domestic waterfowl in the UK are very often
associated with contact with visiting mallards, particularly drakes.

Virus transmission through the egg has been reported in persistently infected Muscovy, Pekin
and mallard ducks under experimental conditions.

Clinical signs

Because of the marked seasonality of the disease, unexplained deaths in waterfowl during April—
June are suspicious of DVE. In commercial ducks and geese serious drops in egg production
may also occur.

Ataxia is a common finding, with the birds using their wings to aid walking or swimming.
Sick birds exhibit photophobia, pasted eyelids, nasal discharge, inappetence, extreme thirst with
a watery, bloodstained diarrhoea. Adult male waterfowl may show prolapse of the phallus and in
young birds congested beaks and bloodstained vents may be noted.

Birds that die from DVE are usually found to be in good bodily condition, although young
growing ducks may show dehydration and loss of body weight.

Ducks that survive infection may excrete the virus for years. Persistently infected birds often
have erosions near the orifices of the sublingual salivary glands that are in close proximity to
the trigeminal nerve. It has been shown that DEHYV in the trigeminal nerve of latently infected
ducks can be reactivated following cocultivation with susceptible cells.
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Lesions

Early lesions indicate the vascular damage that the disease causes. Multiple tissue haemorrhages
are seen as well as free blood in body cavities and lumen of the gut. Petechial and larger haemor-
rhages may be seen on the heart, liver, pancreas, intestines, lungs and kidneys. In adult females
the ovarian follicles may be deformed and discoloured. Haemorrhages are commonly seen on
the mucosal surface of the alimentary tract. The oesophagus is typically involved, as is the cae-
cum, large intestine and cloaca. Congestion or haemorrhage of the annular bands (lymphoid
patches) of the small intestines is usually dramatic. In the later stages of the disease, lesions of
the oesophagus and cloaca in particular develop into yellowish diphtheritic plaques. Whitish
necrotic foci may be seen in the liver and other organs. The lesions of annular bands may also
become necrotic. In young ducks, subcutaneous oedema of the neck and chest entrance may be
seen, particularly during meat inspection following slaughter. Oedema of the thymus is also seen.
Lesions in geese are often characterized by button-like haemorrhagic and necrotic lymphoid discs
with raised rounded borders and depressed necrotic centres scattered along the length of the small
intestine. Some species that die very rapidly, such as Muscovy ducks, may show only focal haemor-
rhages and necrosis of the cloaca.

Histologically, the disease is seen in its early stages to be one of vascular damage, and later
areas of necrosis are seen. Intranuclear inclusion bodies can be seen in the cells surrounding
necrotic foci and affected epithelia.

Although a presumptive diagnosis of DVE can be made on the basis of clinical and patho-
logical findings, confirmation can only be made by virus isolation and identification. Duck embryo
liver cell cultures are the most sensitive in vitro culture system, particularly those of Muscovy
duck embryos. Several blind passages may be required before the virus causes a cytopathic effect,
characterized by foci of rounded refractile cells. Confirmation of identity of the cytopathic agent
can be obtained following electron microscopy examination of concentrated culture extracts for
characteristic herpesvirus particles. Further identification can be obtained by virus neutraliza-
tion in cell cultures using monospecific DEHV antiserum.

PCR assays have recently been developed to detect and identify DEHV in diagnostic sam-
ples. Both conventional and nested PCRs have been described to detect DEHV DNA in swabs
or tissue samples from dead waterfowl and in carrier birds. The PCR primers are able to detect
a conserved region of the virus genome. The method is reported to be highly sensitive, specific,

rapid and easy to perform.
Antigen detection by immunofluorescence, immunoperoxidase, ELISA and dot immuno-
binding tests have also been described but are not routinely available.

In commercial duck flocks and game farms strict biosecurity is essential to prevent contact
with wildfowl, particularly mallard ducks, some of which may be shedding virus. Contact with
DEHV-infected carrier birds is much more difficult to control in collections of ornamental
waterfowl, wildfowl sanctuaries and rescue centres, which frequently have contact with visiting
wildfowl. Outbreaks in rescue centres are frequently attributed to the introduction of a sick bird
that is incubating DVE. This has occurred on several occasions in swan rescue centres in the UK.

Attenuated live virus vaccines are available for prophylactic use in commercial ducks and geese
and resident collections of waterfowl. Annual application of a live DVE vaccine to resident col-
lections of waterfowl prior to the April-June ‘DVE season’ has been effective in reducing losses
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from the disease. However, it is not known whether live DVE vaccines can induce latency,
particularly if transmission to wildfowl occurs, with subsequent reactivation of vaccinal virus.
Inactivated vaccines for DVE have also been developed and evaluated under experimental con-
ditions. The results showed that killed vaccines were as efficacious as modified live DVE vaccines
in terms of protection in experimental challenge.

Friend M, Brand C J 1999 Duck plague. In: Friend M, Franson ] C (eds) Field manual of wildlife diseases.
Biological Resources Division, National Wildlife Health Center, Madison, p 141-151

Hansen W R, Gough R E 2007 Duck plague (duck virus enteritis). In: Thomas N J (ed) Infectious diseases
of wild birds. Blackwell Publishing, Maldon, p 87-107

Hansen W R, Nashold S W, Docherty D E et al 2000 Diagnosis of Duck Plague in waterfowl by polymer-
ase chain reaction. Avian Dis 44: 266-274

Woolcock P R 2004 Duck virus enteritis. In: OIE Manual of diagnostic tests and vaccines for terrestrial
animals, vol. 2. Office International des Epizooties, Paris, p 913-920
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Three avian retrovirus species of the family Retroviridae are recognized to cause disease in poul-
try. Like all retroviruses, they are RNA viruses that replicate via a DNA proviral stage linearly
present in the host genome, by virtue of the presence in the viral genome of a po/ gene that
encodes the enzyme reverse transcriptase necessary for the transcription of viral RNA to DNA.
The three retroviruses are:
® Avian leukosis/sarcoma group viruses (ALSV). These include exogenous viruses that occur
mainly in the domestic chicken and which cause a variety of leukotic disorders, sarcomas,
and other tumours. Endogenous viruses with little or no pathogenicity belonging to this
group occur in the domestic chicken and in various other species of bird
¢ Reticuloendotheliosis viruses (REV). These are exogenous viruses occurring in several species
of domestic poultry and game bird that cause lymphomas and a runting disease syndrome
* Lymphoproliferative disease virus of turkeys (LPDV). This is an exogenous virus of turkeys
that causes a lymphoproliferative disease.
Infections with these viruses have been responsible for significant but declining economic losses
in the past. However, this situation was changed with the advent some 15 years ago of a new
subgroup, designated J, of Avian leukosis virus (commonly termed ALV-]), which has caused seri-
ous losses worldwide in meat-type chickens. There are indications also that REV infections are
becoming more prevalent. In contrast, LPDV infection now appears to be rare. An important
feature of avian retroviruses is that they spread vertically as well as horizontally. Because of vertical
transmission, vaccination does not offer an effective control method (although vaccination could
limit horizontal spread) but in any case attempts to produce vaccines have been discouraging.
Control of these diseases is in the hands of primary poultry breeding companies, who institute
virus eradication programmes in order to produce virus-free breeding stock. However, disease
problems can occur because of reinfection of birds on breeding and production farms.

Apart from their importance as causes of loss to the poultry industry, avian retroviruses are
of importance and interest in biomedicine. Erythroid leukosis was the first leukaemic disease
shown, by Ellermann and Bang in 1908, to be caused by a virus, and an avian sarcoma was
the first solid tumour shown, by Rous in 1911, to be transmitted by a virus. Burmester and
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others provided proof of the viral actiology of lymphoid leukosis in 1947. These diseases and
their viruses have become widely used as model systems of viral oncogenesis. The viral enzyme
reverse transcriptase, from which retroviruses get their name, was discovered in Rous sarcoma
virus (RSV) and reported in 1970 by Temin and Mizutani, and the first cellular oncogene, s,
was reported, in chickens, in 1976 by Stehelin, Varmus, Bishop and Vogt. Nobel prizes were
awarded to Rous, Temin, Bishop and Varmus for their discoveries.

AVIAN LEUKOSIS/SARCOMA VIRUSES

The ALSVs cause erythroid, lymphoid and myeloid leukoses, a variety of other tumours, such as
fibrosarcomas, haemangiomas and nephroblastomas, and the bone disorder osteopetrosis.

Of the neoplasms included in the leukosis/sarcoma group, lymphoid leukosis was until
recently the commonest form, occurring mainly in layer-type birds. Over the past decade,
myeloid leukosis and, to a lesser extent, erythroid leukosis have become common in meat-type
broiler breeders and occasionally in broilers. Losses from these conditions have been of significant
economic importance. The other conditions usually occur only sporadically. Subclinical infec-
tion by Avian leukosis virus (ALV), without the occurrence of neoplastic disease, has been found
to depress egg production, egg weight, growth rate and other commercially important traits in
both egg-type and meat-type stock and has provided an added incentive to prevention of infection.

Cause

The ALSVs are placed in the Alpharetrovirus genus of the family Retroviridae. Members of the
genus may be termed either ALV or Avian sarcoma virus (ASV). The viral RNA genome is dip-
loid and in the prototypic virus has three genetic regions in the sequence 5'—gag/pro—pol—env-3’,
which encode respectively the viral internal group-specific antigens and protease, RNA-depend-
ent DNA polymerase (reverse transcriptase) and viral envelope glycoproteins. These structural
genes are flanked by genomic sequences concerned with the regulation of viral replication, which
in the DNA provirus form the viral long terminal repeats (LTRs). This genetic make-up is asso-
ciated with slow neoplastic cell transformation and tumour development over several months.
Other ALSVs cause rapid neoplastic transformation and tumour development within a few days
or weeks. These acutely transforming viruses possess additional genes, termed viral oncogenes,
responsible for oncogenic transformation, which originate by transduction of normal cellular
genes, the proto-oncogenes. For example, RSV has the genetic structure 5'—gag/pro—pol—env—src—
3’, the viral src gene being derived originally from a cellular s gene. Other acutely transforming
ALSVs possess one (rarely two) of the dozen or so viral oncogenes that have been discovered.
One of these oncogenes, myc, is present in a number of ALSVs that cause myelocytomas, and
cellular myc (c-myc) is activated in bursal lymphoid cells during the induction of lymphoid
leukosis. Most of the acutely transforming viruses have genetic deletions within the structural
genes such that the oncogene-carrying virus is unable to replicate. It needs the presence of a
nondefective ALV helper virus to complement the genetic defect. Most of the acutely trans-
forming ALSVs that have been studied originated from field tumours but are now maintained
as laboratory strains. Similar viruses are occasionally generated anew in ALV-infected flocks by
transduction of cellular oncogenes. For example, acutely transforming variants of ALV-] occur
that carry the c-myc oncogene and cause myelocytomas in chickens and turkeys.
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The viral structural proteins include p27, the major group-specific (gs) antigen encoded by
the gag gene, which is common to all viruses of the leukosis/sarcoma group and important in
certain diagnostic tests. The envelope of the virion contains a glycoprotein, gp85, encoded by the
env gene, which determines the subgroup specificity of the virus.

Virus infection of cells occurs through receptors on the cell membrane. Viral RNA is released
in the cytoplasm and, under the influence of reverse transcriptase, a strand of viral DNA is
synthesized on the template of viral RNA. A second strand of viral DNA is formed to produce
linear double-stranded viral DNA, which migrates to the nucleus and becomes integrated in the
DNA of the host. The proviral genes are integrated in the same order as their RNA copies in
the virion and are flanked by the LTRs, which act as promoters and enhancers controlling tran-
scription of proviral DNA to viral RNA. The transcribed viral RNA molecules serve either as
genomic RNA in newly formed virions or as messenger RNAs, which are translated to produce
the protein and enzymic products of the gag/pro, pol and env genes that form the virion. These
products localize at the plasma membrane of the cell and form into spheroidal C-type virions,

which are budded off from the cell.

Neoplastic transformation of the cell

Two types of mechanism are involved in tumour formation. Slowly transforming viruses, which
do not carry a viral oncogene, transform cells by fortuitously integrating in the host genome
adjacent to a normal cellular proto-oncogene, which is then abnormally expressed under the
influence of the viral LTR promoter. This mechanism is termed ‘promoter insertion’. In the
induction of lymphoid leukosis, the c-myc oncogene in a B lymphocyte is activated. The acutely
transforming viruses, which carry one or two of the various viral oncogenes, are oncogenic
because of multiple viral insertions of the respective viral oncogene into the host genome, result-
ing in abnormal expression of the gene product. The particular oncogene present determines the
type of neoplasm induced.

Virus subgroups

ALSVs in chickens are classified into six subgroups — A, B, C, D, E and ] — on the basis of dif-
ferences in their viral envelope gp85 glycoproteins, which determine virus-serum neutralization
properties, viral infectivity interference patterns and host range in fowl of different genotypes.
Subgroups F, G, H and I are allocated to endogenous ALVs occurring in pheasants, partridge
and quail.

Sequence analyses of the gp85 encoding region of the env genes of viruses of the different sub-
groups have revealed hypervariable regions responsible for subgroup differences. The gp85 region
of ALV-] env gene differs more greatly from the env genes of the other five subgroups, A to E, than
the latter do amongst themselves (Fig. 24.1). Phylogenetic analyses of ALV-] isolates from various
locations indicate marked env gene variability and continued viral mutation. The env gene of ALV-]
shows very high homology to the avian endogenous retrovirus EAV-HP. It is believed that ALV-]
arose de novo from a relatively recent genetic recombination between an unknown exogenous
ALV and endogenous virus EAV-HP, and from which subsequent ALV-] isolates are derived.

Exogenous and endogenous avian leukosis viruses

According to how they are transmitted naturally, ALSVs can be classified as exogenous or endog-
enous. Exogenous leukosis viruses (‘originating from the outside’) spread as infectious virions,
cither vertically (congenitally) from dam to progeny through the egg or horizontally from bird
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Fig. 24.1 Phylogenetic tree of peptide sequences based on the variable regions of the envelope genes of avian
leukosis viruses of subgroups A, B, C, D, E and J. The numbers represent the fraction of amino acid substitutions
that define the branch; the larger the number the less similar the sequences. Relationships between subgroups
A-E are closer than those between these subgroups and subgroup J. (Courtesy of Dr Peter Chesters.)

to bird by contact. Viruses of subgroups A, B, C, D and ] spread in this way. Endogenous leu-
kosis viruses (‘originating from within’), including those of subgroup E, occur integrated as pro-
viral DNA sequences in the genome of germ-line and somatic cells of normal chickens and are
transmitted genetically in a Mendelian fashion by both sexes to their progeny. Several families
of endogenous viruses are recognized: the endogenous viral (ev) loci, the moderately repetitive
EAV and ART-CH families, and the highly repetitive CR1 family. The EAV family is of particu-
lar interest since it is apparently the origin of the env gene of ALV-], as discussed above. These
endogenous elements are examples of retroelements that are found in an extremely broad range
of organisms and can make up 10% or more of the genome. Some retroelements are believed
to be the evolutionary precursors of retroviruses while others, such as the ev loci, are believed
to represent exogenous viruses that have become re-integrated on an evolutionary scale into the
germ-line. Most endogenous viruses are genetically defective and lack the full complement of
retroviral genes necessary for the production of infectious virus. The genes that are present may,
however, be partially expressed as gene products such as gs antigen or reverse transcriptase. Some
ev loci have a complete set of genes and may be expressed as subgroup E ALV, of which the virus
strain RAV-0 is the prototype. The 221 locus, which is genetically linked to the sex-linked slow
feathering gene, X, on the Z chromosome, is expressed in chick embryos as the virus EV21. The
EV21 virus may produce a tolerizing effect, weakening the immune response to exogenous ALV
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infection and increasing the incidence of, for example, lymphoid leukosis. Unlike the other sub-
groups, subgroup E leukosis viruses have little or no oncogenicity for chickens, evidently because
the LTR has weak gene promoter activity.

Oncogenic patterns of virus strains

Strains of ALSV often produce more than one type of neoplasm, although for each strain one
particular neoplasm usually predominates. Some laboratory strains of virus consist of mixtures
of viruses that contribute to the oncogenic variation, but studies with clone-purified strains indi-
cate that these too can cause several types of neoplasm. The oncogenic spectrum is influenced by
origin of the virus, virus dose, route of inoculation and the age and genotype of the host.

Spread

Exogenous ALVs are ubiquitous in commercial chickens on a worldwide basis. In the UK and
USA ALV-A is commonly encountered and ALV-B is occasionally found. These subgroups cause
mainly lymphoid leukosis. Subgroups C and D are very rare. £v loci (including subgroup E viral
loci) are present in virtually all chickens, as are the other endogenous virus families. ALV-] was
first reported in the UK in 1991 in meat-type chickens and causes myeloid leukosis (myelocy-
tomatosis) and other tumours. It has since spread in meat-type chickens throughout the world.
In 2002, ALV-] was reported in commercial layer flocks for the first time, in China. Turkeys are
susceptible to ALV-] but the infection has not been recognized in commercial stock. Dual infec-
tions by ALV-A and ALV-] have been observed in broiler breeder stock in Australia.

Most commercial chickens are exposed to and infected by exogenous ALV, and carry endog-
enous leukosis viruses but usually only a few per cent develop leukosis or other tumours. Occasion-
ally losses of 30% or more can occur. Economic losses in egg-laying stock arise principally from
mortality from lymphoid leukosis occurring from 20 to 36 weeks of age and in meat-type stock
from myeloid leukosis occurring mainly in adult birds from 25 to 55 weeks of age. The other
neoplastic diseases occur more sporadically.

Exogenous ALV is transmitted both vertically (congenitally), from hen to progeny through
the egg, and horizontally, between birds by direct or indirect contact. A small minority, usu-
ally less than 10%, of chicks are infected vertically and the majority become infected by contact
with vertically infected chicks during rearing. Vertical infection occurs from hens that shed ALV
from the oviduct into the egg albumen, from whence it passes into the chick embryo. Chick
embryos apparently do not become infected from the male. Congenitally infected chicks develop
immunological tolerance to the ALV and fail to develop virus neutralizing antibodies but are
permanently viraemic. Hens of this class have considerable amounts of virus in the oviduct and
transmit this to most of their eggs and their embryos.

Chicks infected horizontally develop a transient viraemia and then usually develop virus-
neutralizing antibodies without viraemia. Such birds become virus carriers. Lower proportions
of hens of this type have an oviduct infection; they shed to their progeny intermittently. With
subgroup J ALV infection of meat-type birds, early horizontal infection (up to 6 weeks of age) is
more likely to produce permanent tolerant viraemic infection without antibody production.

Thus four classes occur in mature chickens: (1) tolerant viraemic, antibody-negative shedders
(VFA™S"); (2) nonviraemic, antibody-positive nonshedders (V"A*S™); (3) nonviraemic,
anti-body-positive shedders (V"A*S™); and (4) nonviraemic, antibody-negative nonshedders
(VTA™S7), which are susceptible birds not yet infected or birds genetically resistant to infection.
Infected birds with tolerant viraemia are more likely to develop leukosis than are immune birds
with antibodies. The incidence of leukosis decreases if horizontal infection occurs after the first
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few weeks of life. Virus is present in the saliva, faeces and feather debris of infected birds but its
survival outside the body is relatively short (a few hours) and consequently ALVs are not very
contagious.

Virus-neutralizing antibodies in ALSV-infected hens are passed via the yolk to progeny chicks
and provide a passive immunity to contact infection that lasts for 3—4 weeks. Actively acquired
humoral and cell-mediated immune responses following infection similarly serve to reduce virus
replication and hence neoplasia. Although some strains of ALSV have been shown to be immu-
nosuppressive experimentally, there is no clear evidence that natural infections (including ALV-A
and ALV-]) are significantly immunosuppressive.

Genetic resistance

Two types of genetic resistance to the ALSV group are recognized: resistance to virus infection
and resistance to tumour development. Autosomal loci control responses to infection by ALSVs
of subgroups A, B and C and are designated -2 (tumour virus subgroup A), zv-6 and - respec-
tively. The -6 locus also controls responses to subgroup D and E viruses. Alleles for susceptibility
and resistance occur at each locus, designated #v-#, tv-a’, etc., and susceptibility is dominant over
resistance. Susceptibility genes such as 4’ encode the presence of subgroup-specific virus receptor
sites through which the virus gains access to the cell; these receptors are decreased in number or
are lacking in resistant cells. Receptors used by ALV have other normal physiological functions:
thus the receptor for subgroup A ALV is a member of the low density lipoprotein receptor family
and that for subgroup B, D and E is a member of the tumour necrosis factor receptor family. The
ALV susceptibility phenotype is designated according to a convention that recognizes the species
of the cell, e.g. chicken (C), and the subgroups of virus to which the cell is resistant (/). For exam-
ple, the phenotype C/A denotes a cell or chicken resistant to subgroup A and susceptible to sub-
groups B, C, D, E and J; C/0 a cell or chicken susceptible to all six subgroups. Naturally occurring
genetic resistance to cellular infection by subgroup ] has not been recognized but a J-resistant cell
line, DF-1/], has been developed by genetic engineering for virus identification purposes.

Resistance to tumour development has been mainly studied with RSV-induced sarcomas,
regression of which is influenced by genes within the major histocompatibility complex. Strains
of chickens may vary in susceptibility to leukosis although they are all susceptible to infection.
This is exemplified by the variable incidence of myeloid leukosis and other tumours following
ALV-] infection of different chicken lines. The strength of the immune response to ALV-J also
varies between lines.

Non-neoplastic conditions

ALV infection in the absence of neoplastic disease can adversely affect egg production traits in
layers, including age at first egg, egg numbers, size, fertility and hatchability. Nonspecific mor-
tality may increase. In meat-type birds, ALV infection (especially by ALV-]) can depress broiler
growth rate.

Other non-neoplastic effects in ALV infection have been observed mainly in experimental
infections. ALV infection has a tropism for myocardial cells, and a possible role of ALV-J in the
causation of cardiomyopathy and ascites has been reported.
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Lymphoid leukosis

Lymphoid leukosis is a common neoplasm caused by ALV of subgroups A and B (ALV-A
and ALV-B). ALV-] has a weak ability to cause lymphoid leukosis, dependent on the strain of
chicken. Lymphoid leukosis is characterized by enlargement of the liver (Fig. 24.2) by infiltrat-
ing lymphoblasts and the pattern of involvement is usually diffuse or miliary but can occasion-
ally be nodular. Other organs are also tumorous. Nodular tumours can be found in the bursa of
Fabricius in nearly all cases. Microscopically the lesions consist of diffuse areas or coalescing foci
of extravascular immature lymphoid cells. In the bursa a follicular pattern of tumour growth can
often be seen. The tumour cells in lymphoid leukosis invariably have the morphology of large
lymphocytes or lymphoblasts; they have B-cell markers and carry surface IgM.

The incubation period from infection to the developed disease and death is 4 months or
more. The target cells for neoplastic transformation in lymphoid leukosis reside in the bursa of
Fabricius. At a variable time after infection of the bird, a proliferation of lymphoblasts can be
observed in lymphoid follicles in the bursa, termed a focal preneoplastic hyperplasia. This pro-
cess is the result of ALV proviral integration within the c-myc gene, leading to overexpression
of Myc protein and blocked B-cell differentiation and migration. Many follicles are sometimes
affected but the majority of these regress and only a few, due to activation of other cellular onco-
genes, grow to give rise to nodular tumours in the bursa which are visible from about 14 weeks
of age. Neoplastic lymphoid cells metastasize from the bursa to other organs such as the liver and
spleen, causing death.

Spontaneous bursal lymphomas, independent of ALV infection, and enhanced by SB-1 sero-
type 2 Marek’s disease vaccination, have been observed.

Fig. 24.2 Greatly enlarged tumorous liver in a chicken with lymphoid leukosis.
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Erythroid leukosis (erythroblastosis)

This is a sporadic disease, affecting mainly adult chickens. It has become more common since
the advent of subgroup J ALV, occurring also in young birds. Activation of the c-¢76B gene in an
erythroid cell by slowly transforming ALV gives rise to erythroid leukosis. Acutely transforming
ALVs carrying the viral oncogene v-erbB exist and can cause erythroid leukosis. In cases of the
disease, there is a variable anaemia, which is associated with the presence of a large number of
immature red cells in the blood. The disease originates in the bone marrow and a leukaemia is
present from the outset. It is a peculiarity of this condition that the malignant cells remain within
the blood vessels throughout the course of the disease. This results in an erythrostasis in sinusoids
in organs such as the liver, spleen and bone marrow, imparting to them a cherry-red colour that
characterizes this condition post-mortem. The liver and spleen are moderately enlarged.

Myeloid leukosis (myeloblastosis and myelocytomatosis)

Myeloid leukosis involves an extravascular and intravascular proliferation of cells of the myeloid
(granulocytic) series. It can occur as a sporadic disease mainly of adults but since the advent of
ALV-] can also occur in higher incidence in adult birds and at times in broilers. It may occur as
a myeloblastosis, originating in the bone marrow and involving immature myeloid cells, or as a
myelocytomatosis in which more mature myelocytes are affected. Strains of subgroup J ALV that
induce myeloid leukosis, such as strains HPRS-103 and ADOL-Hcl, lack a viral oncogene and
are believed to induce the disease by activation of a cellular oncogene, apparently c-myc. Acutely
transforming laboratory strains of ALV exist that can cause myeloblastosis or myelocytomatosis.
The BAI-A strain of Avian myeloblastosis virus carried the oncogene v-myb; the MC29 strain
of Avian myelocytomatosis virus carries v-myc. Similar acutely transforming viruses also occur
naturally.

In diffuse myeloid leukosis (myeloblastosis) the liver and spleen are diffusely and greatly
enlarged and the liver frequently has a granular, ‘Morocco leather’ appearance. Although the
proliferative process is essentially extravascular, there is frequently an accompanying leukaemia.

The tumours of myelocytomatosis can be diffuse and/or discrete and nodular and have a
creamy-white colour. The tumours may occur in a wide range of organs, including the liver,
spleen and kidney, and have a predilection for the visceral surface of flat bones such as the ribs,
skull, sternum and pelvis. Tumours may occur in the eye. Leukaemia may be present.

Other tumours and lesions

Solid tumours that can be caused by ALSVs include fibrosarcoma, chondroma, histiocytic sar-
coma, endothelioma, haemangioma, nephroblastoma and hepatocarcinoma. They usually occur
sporadically in young or older chickens and show features characteristic of their cellular origin.
These other tumours are especially seen in flocks infected with ALV-], accompanying myeloid
leukosis and erythroid leukosis. Two recently described lesions of similar appearance occurring
in broilers, termed multicentric histiocytosis by US workers and spindle-cell proliferative dis-
ease by Japanese workers, may also be associated with ALV-J infection. Also apparently associ-
ated with ALV-] infection are multiple mixed foci of myeloid and lymphoid cells in the liver of
young birds. The lesion, termed lymphomyeloid hyperplasia, appears to be reactive rather than
neoplastic. A new ALV-A has recently been implicated in causing fowl glioma and perineurioma.
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Fig. 24.3 Osteopetrosis.

Osteopetrosis

‘This is an uncommon bone disorder affecting mainly the long bones, notably of the legs and
wings. Excessive osteoblast proliferation and bone formation results in gross thickening of the
diaphyses of the long bones; occlusion of the marrow cavity may eventually give rise to anaemia

(Fig. 24.3).

The signs in chickens affected by leukosis are nonspecific. The bird may be inappetent, weak
and emaciated, diarrhoea may occur and the wattles may be pale. Osteopetrosis is readily appar-
ent from thickening of the long bones.

Diagnosis involves pathological and virological examinations to determine the type of neo-
plasm responsible for mortality and which viruses are present in a flock. Because exogenous ALV
is almost ubiquitous in commercial flocks, its isolation does not prove that it caused the tumour.
Evidence that a virus isolate caused a particular type of tumour requires transmission experi-
ments in which the tumour is reproduced. Virological testing is often also required to show that
specific pathogen-free (SPF) flocks or live vaccines propagated in chicken cells are free of ALSV.

Signs and lesions

Identification of the type of neoplasm responsible for mortality is made by gross and histological
examination of freshly killed or recently dying birds using the pathological criteria described above.
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Cytological examination of May—Griinwald-Giemsa-stained impression smears of fresh tumour
tissue is a useful aid to diagnosis. If possible, several birds should be examined. The main fea-
tures for differentiating the leukoses are given in Table 24.1. The following set of tissues is recom-
mended for the histological diagnosis of the leukoses and other neoplasms: liver, spleen, bursa of
Fabricius, thymus, bone marrow, gonad, sciatic, brachial and coeliac nerves and any other tumour
tissue. Differentiation of lymphoid leukosis from Marek’s disease is important (see Ch. 23).

Virus isolation/detection

A variety of samples may be collected from a flock for detection of the presence of, or for isola-
tion of, ALV or other tumour viruses. The presence of infection can be demonstrated most easily
by detection of antibodies in serum. Viruses can be detected in and isolated from serum, plasma,
buffy coat cells, tumour tissue, normal parenchymatous tissues (e.g. liver), feather pulp and tips,
meconium, vaginal and cloacal swabs, egg albumen and embryos. Because the viruses are ther-
molabile at room temperature, samples should be collected from live or freshly killed birds, or
from newly laid eggs, and stored and shipped at —70°C.

A variety of diagnostic tests are available for the detection of ALSV. The principles of the
commonly used tests are outlined here; detailed procedures are available in laboratory manuals
and technical articles.

Virus isolation is generally the ideal detection method, since the technique can detect all ALV
and is the starting point for several other investigative methods. Material (normally cell-free) to
be tested for exogenous ALV is inoculated into specific-pathogen-free C/E chick embryo fibro-
blasts (CEFs) (susceptible to all ALV subgroups except E) growing in tissue culture plates or
wells of microtitre plates, and the cultures are incubated for 7 days. Supernatants are collected
and stored at —70°C as virus isolates for other studies. The CEFs are sonicated and tested for
the presence of ALV p27 gs antigen in an antigen enzyme-linked immunosorbent assay (ELISA)
test (commercially available). A positive optical density (OD) reading for gs antigen compared
with uninoculated CEF cultures (in which low levels of gs antigen of endogenous ALV origin
may be detected) is indicative of the presence of exogenous ALV of subgroups A, B, C, D or J.
Ideally, C/E CEFs from chickens free of endogenous gs antigen, such as line 0, should be used. If
necessary, subgroup E ALV can be identified by inoculating test material on C/E CEF and quail
embryo fibroblasts of phenotype Q/B]. Subgroup E ALV will grow in the Q/BJ cultures but be
excluded from the C/E cultures.

An antigen ELISA is available commercially for the detection of ALV p27 gs antigen in vari-
ous materials such as egg albumen, meconium, vaginal and cloacal swabs, and feather pulp,
as evidence of ALV infection. The test is used particularly to detect ALV shedder hens in ALV
eradication programmes and is cheap, rapid and suitable for large-scale use. It is not subgroup
specific for the different exogenous ALV subgroups (which is usually of no concern) but it has
the disadvantage of also detecting gs antigen of endogenous ALV origin, although usually at
a lower level. The testing of serum or plasma for gs antigen is not recommended because of
the confusion between antigen of endogenous and exogenous origin. The antigen ELISA is also
used to detect ALV growth in virus isolation tests in CEF as discussed above.

Virus characterization

The envelope subgroup of ALV isolates may be determined by several methods:
® Viral interference assays, which test the ability of an ALV isolate to prevent focus formation
in C/E CEF cultures by RSV strains of known subgroup
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® Virus neutralization assays, in which the isolate, or the RSV pseudotype of the isolate, is
exposed to antisera with known neutralization specificity to each subgroup, and examined for
growth, or focus formation, respectively, in C/E CEF cultures (N.B. An RSV pseudotype is
an RSV that can be created by coating a replication defective RSV with the viral envelope of
an ALV, endowing the pseudotype with the subgroup characteristics of the ALV)

® Host range assays, in which the isolate, or the RSV pseudotype of the isolate, is placed in
a subgroup depending on its ability to grow in, or transform, CEF cultures of varying ALV
subgroup susceptibility phenotypes

® Polymerase chain reaction (PCR) assays. Primer pairs are available specific for the different
ALV subgroups, including J. A problem with PCR methods is that the primer pairs used may
not detect all variant viruses. Reverse-transcriptase PCR has also been developed for detec-
tion of viral RNA. PCR-induced sequences of various retroviral genes can be used to study
viral relatedness and variability.

Serology

Detection of antibodies is used in flock surveillance to determine the presence or absence of

infection by ALV of different subgroups, and to help to characterize the infective status of indi-

vidual birds in epidemiological and eradication studies. Two types of test are mainly used:

® Virus neutralization tests, in which antibody is detected by ability to neutralize infectivity of
ALVs, or RSV pseudotypes, of known subgroup; these tests are technically demanding and
time-consuming

® Antibody ELISA tests. Tests for antibodies to subgroups A, B and ] are available commer-
cially and are rapid and suitable for large-scale testing,.

A variety of other tests are available for testing for ALV and ALV antibodies. These include: the

nonproducer (NP) cell activation tests for ALV; the phenotypic mixing test for ALV; the comple-

ment fixation test for ALV (COFAL); fluorescent antibody and other immunohistochemical tests

for ALV and antibody; in situ hybridization for ALV; and chick and embryo inoculation tests

for ALV pathogenicity. Highly sensitive tests for reverse transcriptase have been used to screen

human vaccines produced in CEF for freedom from avian retroviruses. Details of these various

tests can be found in laboratory manuals.

No treatment or vaccines are available and control must be based on obtaining birds from an
ALV-free strain or from genetically resistant stock and on high standards of hygiene and flock
management to prevent infection from the environment. Because the infection is egg-transmitted,
it cannot be excluded by rearing in isolation unless the source is free of ALV.

Eradication of exogenous ALV from commercial flocks

Eradication of infection by exogenous ALV was formerly used only for the development of spe-
cific pathogen-free flocks for research or vaccine production but technical advances in methods
for detecting ALV and infected birds have now extended control by virus eradication to com-
mercial breeding layer and meat-type flocks. An ALV-free flock is developed by hatching and
rearing in isolation a group of chicks free from congenitally infected birds. These chicks are
obtained by selecting hatching eggs from hens that do not transmit exogenous ALV congeni-
tally. ELISA testing of vaginal swabs or egg albumen (two eggs per hen) identifies birds that do
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or do not transmit ALV, as detected by presence of gs antigen. Chicks are hatched from non-
shedder hens; meconium or cloacal swabs are taken at 1 day old and tested for gs antigen to
eliminate any congenitally infected chicks that have been produced by transmitting hens that
escaped detection. Thereafter, the ALV-free groups of birds are reared in isolation and moni-
tored for freedom from infection by tests for antibody against ALV of subgroups A, B and J.
Small-group hatching and rearing, with early testing and removal of infected groups, is consid-
ered to be a valuable adjunct to virus eradication programmes. Under some conditions, stock
hatched free of ALV may later become exposed to horizontal infection but there are indications
that this may not lead to disease or to vertical transmission.

Selection for genetic resistance

As discussed earlier, recessive genes that are present in varying frequency in commercial strains
control resistance to infection. Commercial breeding companies can increase the frequency of
the resistance genes and develop stock with resistance to ALV and thus to leukosis and other
tumours. The genotypes of unknown parents can be determined by mating them to recessive
tester birds, according to the segregation of susceptible and resistant progeny from a particular
mating. The phenotypic classification of the progeny into susceptible and resistant classes is deter-
mined by inoculation of RSV of the appropriate subgroup (usually A and B) onto the chorio-
allantoic membrane of chick embryos and embryos are classified based on the tumour pock count
observed. Tests for the direct identification of the phenotype of adult birds are also available.
Genes for resistance to infection by subgroup J have not been recognized. This approach to select
genetically resistant stock has largely been replaced by commercial ALV eradication schemes.

There is no strong evidence to suggest that ALSVs present a health risk to humans. Certain
strains of RSV can infect and transform human and other mammalian cells in culture and can
cause sarcomas and other tumours in primates and other mammals. However, despite exposure
of humans to ALV from live poultry, poultry meat and eggs, no conclusive epidemiological or
other evidence exists of any risk of their causing human cancer. Also, exposure of humans to
exogenous ALV present at one time (but not now) as a contaminant of live vaccines grown in
embryonated eggs, such as those against yellow fever and measles, was not associated with any
recognized hazard. Recently, low levels of reverse transcriptase and RNA of endogenous ALV
and EAV retrovirus origin were detected in live human vaccines grown in SPF avian cells. There
was however no evidence of these viruses, their provirus sequences or their antibodies in vaccine
recipients and use of these vaccines was not considered to be harmful.

RETICULOENDOTHELIOSIS

The term reticuloendotheliosis includes several pathological syndromes caused by a group of
retroviruses that are distinct from those causing the leukosis/sarcoma group of diseases of chick-
ens. Natural infections by reticuloendotheliosis viruses (REVs) occur in chickens, ducks, geese,
Hungarian partridge, pheasants, Japanese quail and turkeys. Resultant neoplastic disease has
been observed sporadically in turkeys and, less commonly, in other species of bird.



Retroviridae

Cause

Viruses forming the REV group belong to the Gammaretrovirus genus of the family Retroviridae
and are distinct from viruses of the leukosis/sarcoma group. The REV group includes antigeni-
cally closely related isolates from various sources, including strain T, Chick syncytial virus, Spleen
necrosis virus and Duck infectious anaemia virus. Three antigenic subtypes of REV have been
defined. A relationship between REV and certain mammalian retroviruses has been observed.
Genetically nondefective strains of REV have gag, pro, pol and env genes and are slowly onco-
genic, inducing B-cell lymphomas and T-cell lymphomas in chickens by promoter insertion
adjacent to the cellular 72yc oncogene. Chronic lymphomas are also induced in turkeys and other
species of birds but the mechanism has not been elucidated. The laboratory-propagated strain T
REV consists of replication-defective virus that has acquired a viral oncogene, v-re/, derived from
a cellular proto-oncogene, together with a nondefective REV helper virus needed for replication.
Strain T is acutely oncogenic, inducing reticuloendotheliosis. Nondefective REV can be propa-
gated in chickens, turkeys and quail fibroblast cultures. REV exhibits some cytopathic properties
and plaques develop in duck embryo fibroblasts that can be used to assay the virus. A fluorescent
focus assay for REV in fibroblasts grown under agar can also be used. Nondefective REV can
serve as a helper virus for RSV and vesicular stomatitis virus; the resultant pseudotypes may be
used to assay for virus neutralizing antibodies against REV.

Spread

Little is known about the epidemiology of REV infection in naturally infected turkey or chicken
flocks. The infection has been reported in Australia, Egypt, Germany, Israel, Japan, the UK and
the USA. In the USA, REV infection was found to be sporadic to frequent among commercial
chickens and sporadic in turkeys. Data from experimental infections indicate that the infection
can spread by contact with infected chickens and turkeys, and REV is present in faeces. Birds
so infected develop a transient viraemia followed by the appearance of antibodies. Chickens and
turkeys infected by embryo inoculation develop tolerant infections with persistent viraemia and
absence of antibodies. Tolerantly infected chicken and turkey hens transmit the virus vertically
to some of their progeny, and hens shed REV gs antigen and more rarely virus to egg albu-
men. Tolerantly infected turkey stags can transmit the infection to their progeny via semen. It is
believed that mosquitoes and houseflies can transmit REV, and transmission has occurred with
contaminated Marek’s disease and fowlpox vaccines.

Acute reticulum cell neoplasia

Infection of newly hatched chickens and turkeys by replication-defective strain T virus results in
high mortality from neoplastic disease 1-3 weeks later. Affected birds have enlarged livers and
spleens, caused by focal or diffuse infiltration by proliferating reticulum cells and sometimes
lymphocytes. Similar infiltrations occur in the gonads, heart, kidney and pancreas, giving rise
to the original designation of the disease as a reticuloendotheliosis. The neoplastic target cells in
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reticuloendotheliosis are still unclear but appear to include immature B and T cells. It is uncer-
tain whether this form of the disease occurs in the field.

Chronic lymphoid neoplasia

Nondefective strains of REV induce two types of more chronic lymphoid neoplasm in chickens.
First, bursa-dependent B-cell lymphomas indistinguishable from lymphoid leukosis occur in
chickens after a long latent period (4-10 months). Second, T-cell lymphomas have been induced
experimentally that are comprised of large uniform lymphoreticular cells that arise in various vis-
ceral organs (but not the bursa) and peripheral nerves from 3 weeks after inoculation. Grossly,
these tumours are somewhat similar to those of Marek’s disease. Whether these T-cell tumours
occur in chickens in the field is unclear. In turkeys, lymphoid tumours of uncertain nature have
been found at 2-3 months after REV inoculation and T-cell lymphomas have been observed in
commercial turkeys. In geese, inoculation of REV induces both very acute and chronic lympho-
mas. In ducks, experimental infection causes stunting, lymphoid tumours and sarcomas.

Birds infected with nondefective REV may develop a runting syndrome, with abnormal
feathering and sometimes infiltration of peripheral nerves by lymphocytes and plasma cells,
leading to nerve enlargement and sometimes paralysis. These nerve infiltrations may or may not
be accompanied by lymphomas in other organs. Proventriculitis may also occur.

Clinical signs

No pathognomonic signs are observed during the development of acute or chronic neoplasia.
Lymphomas in naturally infected turkeys have occurred between 15 and 20 weeks of age. A runt-
ing disease syndrome has occurred in flocks inoculated with vaccines accidentally contaminated
with REV and some birds show a peculiar feathering abnormality (nakanuke in Japanese) in
which wing feathers have adhesions of the barbule to part of the feather shaft. Some birds may
show paralysis. REV infection can also cause immunosuppression.

REV-induced tumours in turkeys and chickens are morphologically varied and can be con-
fused with Marek’s disease, lymphoid leukosis caused by ALV, and lymphoproliferative dis-
ease of turkeys. Nerve lesions caused by REV infection are similar to those of MareK’s disease.
Serological diagnosis of the presence of REV is required to support a pathological diagnosis.

Virus detection

Viral antigen can be detected in serum from viraemic birds using the agar gel precipitin test and
in cell extracts using a complement fixation test. ELISA tests for REV gs antigen and envelope
antigen and PCR assays have been described.

Serology

The presence of infection in a flock can be determined by examination of sera for antibodies,
using the ELISA test (commercially available), agar gel precipitin test, plaque reduction test,
pseudotype-neutralization test or fluorescent antibody test.
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Because REV infections are sporadic and often not associated with clinical disease, no control

procedures have been developed. It is considered that procedures similar to those used for eradi-
cation of ALV in chickens could be applied if necessary. Freedom from REV is increasingly a
requirement for exporting stock.

There is no direct evidence to associate REV with a human health hazard. But this question has
received some attention because of the possible evolutionary relationship of REV to mammalian
retroviruses, and its ability to infect and grow in cultured mammalian cells. Also, REV used as a
vector virus can infect human cells, and plasmid REV DNA can transfect such cells, with inte-
gration and low-level replication. Continued vigilance is thus advisable.

LYMPHOPROLIFERATIVE DISEASE OF TURKEYS

Lymphoproliferative disease of turkeys was first reported from the UK in 1972 and has sub-
sequently been recognized in other European countries and in Israel. It now appears to be rare in
the UK but should be considered in the differential diagnosis of lymphoproliferative disorders of
turkeys.

Cause

Lymphoproliferative disease is caused by a retrovirus of the family Retroviridae that is distinct
serologically and genetically from other avian retroviruses, although distantly related to ALSV.
Characterization of LPDV has been hindered by the lack of any tissue culture system for propa-
gating the virus. Nevertheless, some molecular characterization has been possible using virus
prepared from plasma from viraemic turkeys.

The disease may be reproduced by inoculating turkey poults with tissue extracts and plasma

from affected birds.

Spread

The infection can spread horizontally between turkeys and susceptibility to disease increases over
the first few weeks of life. Vertical transmission has not been reported. Strains of turkey vary in
their susceptibility to the disease. The incidence of infection is higher than that of the disease.
Experimentally, ducks and geese were not susceptible to infection. Chickens were susceptible
and gross and microscopic lymphoproliferative-disease-like lesions were observed.

Lymphoproliferative disease is characterized by marked enlargement of the spleen, which is
usually pale pink in colour with a marbled appearance. The liver may be moderately enlarged,
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with miliary greyish-white foci. Miliary or diffuse tumour infiltration may also occur in kid-
ney, gonad, intestinal wall, pancreas, lungs, myocardium and thymus. Peripheral nerves may be
slightly enlarged and anaemia is often present. Leukocytosis or leukopenia has been observed.

The proliferative lesion is similar in all organs and tissues and consists of pleomorphic lym-
phoid cells, including lymphocytes, lymphoblasts, reticulum cells and plasma cells.

Following experimental infection of 4-week-old poults, early lymphoproliferative lesions are
seen as early as 2 weeks in the spleen and thymus. By 3 weeks, splenic enlargement is present
and foci of lymphoproliferative lesions are seen in many organs. Small focal lesions consisting of
lymphocytes, with germinal centres, may also occur and increase in frequency with time; these
may be regressing lesions.

Viraemia occurs by 5 days after infection and persists for several weeks. An antibody response
has not been detected but markedly elevated serum IgG levels are reported. Immunosuppression
is observed in experimental infections.

The disease is seen mainly in growing turkeys between 7 and 18 weeks of age and occasionally
in adults. Affected birds die suddenly, sometimes after preceding depression. Up to 20% of the
flock may be affected.

Diagnosis of lymphoproliferative disease is based on gross and microscopic lesions in affected
birds, detection of reverse transcriptase activity in plasma, which is higher with magnesium ions
than with manganese ions, detection of LPDV in tissues by immunofluorescence or in plasma
by an ELISA test and PCR assay. Differentiation of lymphoproliferative disease from reticuloen-
dotheliosis is important, employing especially the virological and serological tests for REV.

No specific control measures for the disease have been developed. Control has been by elimina-
tion of infected turkey strains.
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Paramyxoviridae

The family Paramyxoviridae is placed in the order Mononegavirales with two other families
Rhabdoviridae and Filoviridae. Members of the family Paramyxoviridae are enveloped RNA
viruses that possess nonsegmented, single-stranded genomes of negative sense. The RNA under-
goes capsid assembly in the cytoplasm and envelopment at the surface of infected cells. By
negative contrast electron microscopy, particles appear pleomorphic, usually 100-500nm in
diameter if roughly spherical, or about 100 nm across if filamentous.

The family has been divided into two subfamilies: Paramyxovirinae and Pneumovirinae.

PARAMYXOVIRINAE (NEWCASTLE DISEASE AND OTHER
PARAMYXOVIRUSES) (DENNIS J. ALEXANDER)

‘The subfamily Paramyxovirinae is divided into five genera:

* Morbillivirus. The type species is measles virus, the genus includes canine distemper and
rinderpest viruses

* Respirovirus. The type species is Human parainfluenza virus 1; the genus includes bovine
and human parainfluenza 3 and Sendai virus

* Henipavirus. Formed from Nipah virus and Hendra virus

* Rubulavirus. The type species is mumps virus, the genus includes some other mammalian
parainfluenza viruses

* Avulavirus. Newcastle disease virus (NDV or APMV-1), the type species, and the other avian
paramyxoviruses (APMV-2 to APMV-9) are placed in this genus. The name is derived from
‘avian Rubulavirus as at one time the avian paramyxoviruses were placed in the same genus as
mumps virus.

The members of the Avulavirus genus show all the typical properties of their family. They have

a herringbone nucleocapsid of about 18 nm in diameter and a pitch of 5nm. The virus parti-

cles have typical projections covering the surface, which are inserted into the envelope. There are

two sizes of surface projection, or spike; the longest (about 8 nm) consists of a single glycoprotein
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. Table 25.1 | The avian paramyxoviruses (APMV)

PROTOTYPE VIRUS STRAIN

APMV-1 (Newcastle disease virus)

APMV-2/chicken/California/Yucaipa/56

1. APMV-3*/turkey/Wisconsin/68

2. APMV-3*/parakeet/
Netherlands/449/75

APMV-4/duck/Hong Kong/D3/75

APMV-5/budgerigar/Japan/
Kunitachi/74

APMV-6/duck/Hong Kong/199/77
APMV-7/dove/Tennessee/4/75

APMV-8/goose/Delaware/1053/76
APMV-9/domestic duck/

USUAL NATURAL HOSTS DISEASE PRODUCED IN POULTRY

Numerous

Turkeys, chickens,
passerines

Turkeys
Psittacines, passerines
Ducks, geese

Budgerigars and
related birds

Ducks, geese, turkeys
Pigeons and doves

Ducks and geese
Ducks

Varies from extremely pathogenic to
inapparent, depending on strain and host
infected

Mild respiratory disease or egg production
problems; severe if exacerbation occurs

Mild respiratory disease but severe egg
production problems worsened by
exacerbating organisms or environment

None known

None known

No infections of poultry reported

Mild respiratory disease and slightly
elevated mortality in turkeys; none in
ducks or geese

Mild respiratory disease in turkeys,
infection of ostriches reported

No infection of poultry reported

None known

New York/22/78

* Serological tests may distinguish between turkey and psittacine isolates.

(HN) with which both haemagglutination and neuraminidase activities are associated. The
smaller spikes are formed by the F glycoprotein, which is associated with the ability of the virus
envelope to fuse with cell membranes, allowing insertion of virus genetic material into the host
cell, and to cause fusion of infected cells, resulting in the characteristic cytopathic effect of syncy-
tial formation.

NDV was first isolated in 1926 from chickens in Newcastle-upon-Tyne, from which the name
was derived, and for 30 years remained the only known avian paramyxovirus. However, since the
early 1970s innumerable isolations have been made from avian species of paramyxoviruses sero-
logically distinct from NDV. To date, haemagglutination inhibition (HI), immunodouble diffu-
sion, serum neutralization (SN), neuraminidase inhibition, other serological tests and structural
and genetic properties have been used to show nine distinct groups of avian paramyxoviruses.
The serotypes have been termed APMV-1 to APMV-9 (APMV-1 being NDV). The method of
nomenclature used for influenza A isolates has been adopted for avian paramyxoviruses so that an
isolate is named by: (1) serotype, (2) species or type of bird from which it was isolated, (3) geo-
graphical location of isolation, (4) reference number or name and (5) year of isolation.

In Table 25.1 the prototype strains of each serotype are listed with the usual natural host and
the disease signs seen in affected poultry. With the exception of APMV-6 viruses, which have
occasionally been isolated from turkeys, and APMV-7 viruses, which have been isolated from
turkeys and ostriches in the USA, disease in poultry has been associated only with viruses of
APMV-1, APMV-2 and APMV-3 serotypes and these will be considered in more detail.
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NEWCASTLE DISEASE (APMV-1)

Cause

Newecastle disease is caused by a group of closely related viruses that form the Avian paramyxovi-
rus type 1 (APMV-1) serotype. Some serological relationships have been demonstrated between
NDV and other paramyxovirus serotypes, the most significant being that with viruses of
APMV-3 serotype. For many years NDV strains and isolates were considered to form a serologi-
cally homogeneous group and this has been the basis of the vaccination procedures employed
prophylactically in most countries. However, more exact serological techniques, most notably
the use of mouse monoclonal antibodies, have shown that considerable antigenic variation exists
between different strains of NDV. Such differentiation of isolates has been extremely helpful
in understanding the epizootiology of NDV. More recently, detailed phylogenetic studies have
shown that NDV isolates form at least six and possibly seven or eight distinct genetic lineages;
generally these lineages correlate with antigenic groups detected by monoclonal antibodies.

A striking feature of NDV strains and isolates is their ability to cause quite distinct signs and
severity of disease, even in the same host species. Based on the disease produced in chickens
under laboratory conditions NDVs have been placed in five pathotypes:

* Viscerotropic velogenic NDVs cause a highly virulent form of disease in which haemor-
rhagic lesions are characteristically present in the intestinal tract

* Neurotropic velogenic NDVs cause high mortality following respiratory and nervous signs

* Mesogenic NDVs cause respiratory and sometimes nervous signs with low mortality

* Lentogenic respiratory NDVs cause mild or inapparent respiratory infection

* Asymptomatic enteric NDVs cause inapparent enteric infection.

However, such groups should be regarded only as a guide as there is always some degree of over-

lap and some viruses are not easily placed in a specific pathotype.

Hosts

Over 250 species of bird have been reported to be susceptible to natural or experimental infec-
tions of NDV and it scems probable that many more if not all species are susceptible to infec-
tion. NDV strains have been shown to infect all the major and minor species of domestic
poultry, although some species (e.g. ducks) tend to show few signs of disease even when infected
with the strains of NDV most virulent for chickens.

Panzootics

The history of Newcastle disease is marked by at least three panzootics in domestic birds. The
first began with the emergence of the disease in fowl in the mid-1920s and spread slowly from
the Far East throughout the world, with extremely rapid spread within some countries. The
second panzootic appeared to emerge in domestic fowl in the Middle East in the late 1960s and
spread much faster than the first, reaching all continents and most countries by 1973. Several
authors associated this rapid spread with the movement of infected psittacine birds as a con-
sequence of the international pet bird market. A third panzootic was associated with a mainly
neurotropic and enteric disease in pigeons. It too appeared to emerge in the Middle East and
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between the late 1970s and the mid-1980s spread throughout the world in racing, show, meat
and feral pigeons; in some countries spread to other birds and poultry occurred. The viruses
responsible for this panzootic could be distinguished from other NDVs by monoclonal anti-
bodies and formed a distinct genetic lineage. For pragmatic purposes this strain of NDV has
become known as Pigeon paramyxovirus type 1 (PPMV-1).

Spread

The mode of transmission from bird to bird is clearly dependent on the organs in which the virus
multiplies. Birds showing respiratory disease presumably shed virus in droplets and aerosols of
mucus, which may be inhaled by susceptible birds. Viruses that are mainly restricted to intestinal
replication may be transferred by ingestion of contaminated faeces, either directly or in contamin-
ated food or water, or by inhalation of small infective particles produced from dried faeces. Such
considerations may drastically affect the rate of spread. Viruses transmitted by the respiratory
route in a community of closely situated birds (i.e. in an intensive broiler house) may spread with
alarming rapidity. Viruses excreted in the facces and transmitted chiefly by the oral/faecal route
may spread only slowly, especially if birds are not in direct contact (i.e. caged layers).

Assessments of airborne spread of NDV over large distances have produced varied results.
During the panzootic of 1970-1973 this type of spread was considered to be of major import-
ance in some countries but of much less significance in others. If airborne spread occurs at all
over more than quite short distances it probably requires very specific conditions.

Humans seem to play the central role in the spread of NDV, usually by the movement of live
birds, fomites, personnel and poultry products (including dead birds and faeces for fertilizer)
from affected premises to susceptible birds.

Feral birds and other wildlife have undoubtedly contributed to the spread of disease during
epizootics, either by infection or by mechanical transfer, but their exact role has not been fully
evaluated. Virulent NDV does seem to be endemic in cormorants in North/Central America
and there has been some suggestion that such birds have been involved in recent outbreaks in
Europe.

A carefully documented epizootic in fowl occurring in the UK in 1984 demonstrates the
interactions between the methods of spread that may occur. The form of NDV that has been
termed PPMV-1 was introduced into the country, probably by stray racing pigeons. The virus
proceeded to spread rapidly among UK racing pigeons and from these to feral pigeons. This
resulted in the infection of a flock of pigeons living on food stored at a dockyard. Food con-
taminated with pigeon faeces from these stores was fed untreated to fowls, who subsequently
developed disease. There was relatively little secondary spread but where it was seen it was inevit-
ably related to the agency of humans in the movement of personnel, contaminated vehicles and
unfumigated eggs.

A key to the successful spread of NDV is the ability of the virus to survive in the dead host
or excretions. In infected carcasses NDV may survive for several weeks at cool ambient tem-
peratures or several years if held frozen. Faeces, in which virus may be present in high titres,
also represents an excellent medium for the survival of NDV, and even at 37°C infectivity has
been reported to be retained for over a month. NDVs are usually regarded as heat labile and
readily destroyed by cooking. In one study using meat infected artificially with strain Herts 33,
the time required to reduce the virus titre by 1log;y was calculated as 120s at 65°C, 82s at
70°C, 40s at 74°C and 29s at 80°C, so depending on the starting titre of the virus heating at
fairly high temperatures for a number of minutes may be required to reduce the probability of
virus survival to an acceptable level.
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Clinical signs

As indicated above in defining pathotypes, the disease produced following infection with NDV
may vary considerably with the infecting virus. In addition, the species of bird, the immune
status, age and conditions under which they are reared may also greatly affect the disease signs
seen, while the presence of other organisms may greatly exacerbate even the mildest forms of
disease. As a consequence, no disease signs may be regarded as pathognomonic.

The highly virulent viruses may produce peracute infections of fully susceptible chickens
where the first indication of disease is sudden death. Typically, disease signs such as depression,
prostration, diarrhoea, oedema of the head and nervous signs may occur, with flock mortality
reaching 100%. The appearance of shell-less or soft-shelled eggs, often laid outside the nest
boxes, followed by complete cessation of egg laying, may be an early sign in adult fowl.

The moderately virulent, or mesogenic, viruses usually cause severe respiratory disease, fol-
lowed by nervous signs, with flock mortality up to 50% or more. The variant virus associated
with the pigeon panzootic in the 1980s produced no respiratory signs in infected fowl. In these
infections diarrhoea and nervous signs were the main presentation of the disease, preceded by
catastrophic drops in egg production in laying hens.

The viruses of low virulence may cause no disease, or mild respiratory distress for a short
time in chickens and turkeys. However, the presence of other organisms or poor husbandry may
cause disease comparable to that seen with more virulent virus. Respiratory disease in broilers at
the end of the rearing period, often with significant mortality, has been associated with multiple
infections of the respiratory tract with various combinations of avian pneumovirus, infectious
bronchitis and vaccine strains of NDV. Even inapparent infections may result in loss of weight
gain in broiler chickens and small reductions in egg production.

Lesions

No gross lesions are pathognomonic for any form of Newcastle disease. Viruses producing clinic-
ally inapparent infections cause no gross lesions, while the organs affected by other pathotypes
relate directly to the disease signs seen.

Viruses causing respiratory disease may induce inflammation of the trachea, often with haem-
orrhages. The air sacs may also be inflamed and appear cloudy and congested. The virulent vis-
cerotropic viruses usually cause haemorrhagic lesions of the intestinal tract, particularly the
proventriculus. These lesions may vary greatly in size and severity.

Microscopic lesions vary considerably and also have little value in the diagnosis of Newcastle
disease. The highly virulent viruses cause necrotic lesions, frequently with haemorrhages, in a
range of organs of infected chickens. When the respiratory tract is involved, inflammation, cel-
lular infiltration and haemorrhage of the trachea may be seen, sometimes with proliferative and
exudative lung lesions. In milder forms lymphocyte infiltration in the air sac walls, lungs and
trachea may be seen as clinical signs in the flock diminish. Where nervous signs have been dom-
inant, examinations of the CNS have resulted in reports of neuronal degeneration, perivascular
cufling of lymphocyte cells and proliferation of the endothelial cells.

Virus isolation

Sampling from live birds of any species for virus isolation should consist of both cloacal swabs
(or faeces) and tracheal swabs, regardless of the clinical signs. From dead birds, intestines,
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intestinal contents and tracheas should be sampled, together with organs and tissues obviously
affected or associated with the clinical signs (e.g. the brain if nervous signs are present).

Samples should be placed in phosphate-buffered isotonic saline containing antibiotics at
pH 7.0-7.4 (checked after the addition of antibiotics), faeces and minced tissues as 10-20%
(w/v) suspensions. The exact mixture of antibiotics does not appear to be critical and may be var-
ied to meet local conditions. However, high concentrations are usually necessary, especially for
faeces and cloacal swabs. An example is: penicillin 10 000 units/mL, streptomycin 10 mg/mL,
gentamicin 250 pg/mL, nystatin 5000 units/mL with 50 pg/mL oxytetracycline when Chlamydia
infection may be a possibility. Samples should be left at room temperature for 2h in the antibi-
otic solution or up to 3 days at 4°C.

NDVs will grow in a large range of cell culture systems, although viruses of low virulence may
require the addition of 5pug/mL trypsin and no serum in the media to facilitate growth. These
may be chosen for virus isolation where local conditions preclude the use of specific pathogen-
free embryonated fowls’ eggs. However, the latter, at 9-10 days of age, are the preferred method
for the isolation of NDV. Supernatant obtained after light centrifugation of the samples in anti-
biotic solution should be inoculated into the allantoic cavity of a minimum of five eggs and
held at 37°C until dead or dying, or for 5-7 days. Eggs should be chilled at 4°C and the amnio-
allantoic fluid harvested and tested for haemagglutination of chicken red blood cells. Negative
fluids should receive at least one more passage through eggs.

Haemagglutination activity in bacteria-free fluids may be due to any of the avian paramyxoviruses
or avian influenza viruses. NDV may be confirmed by HI test using specific NDV antiserum.
Some isolates of the other avian paramyxovirus serotypes may give low titres with NDV poly-
clonal antiserum. This is most likely with viruses of APMV-3 serotypes, which are often isolated
from birds held in quarantine and occasionally from turkeys. Confusion between these groups
of virus can usually be avoided by the use of adequate control sera, especially specific mono-
clonal antibodies.

Virus characterization

Because of the wide range of pathotypes, the almost universal use of live Newcastle disease vac-
cines and the effect of exacerbative organisms or environmental conditions on the clinical signs
produced by lentogenic viruses, mere isolation and identification of NDV are inadequate for
diagnosis and disease control purposes. Further characterization in the laboratory, especially of
the virulence for chickens, is therefore necessary.

‘The molecular basis that controls the virulence of NDV strains is now largely understood and
it is possible, using nucleotide sequencing techniques, to assess whether or not an isolate has the
genetic make-up to be highly pathogenic in poultry. As discussed above the viral F protein brings
about fusion between the virus membrane and the cell membrane so that the virus genome
enters the cell and replication can begin. The F protein is therefore essential for replication, but
during replication NDV particles are produced with a precursor glycoprotein, FO, which has to
be cleaved to F1 and F2 polypeptides that remain bound by disulphide bonds for the virus par-
ticles to be infectious. This post-translation cleavage is mediated by host cell proteases.

The cleavability of the FO molecule has been shown to be related directly to the virulence
of viruses in vivo. Studies of the deduced amino acid sequences of the FO precursor showed
that viruses virulent for chickens had the sequence " R—-Q-K/R—R!® at the C-terminus of the
F2 protein and F (phenylalanine) at residue 117, the N-terminus of the F1 protein. In con-
trast the viruses of low virulence had sequences in the same region of > K/R-Q-G/E~R!!® and
L (leucine) at residue 117. Thus there appeared to be the requirement of a basic amino acid at
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residue 113, a pair of basic amino acids at 115 and 116 plus a phenylalanine at residue 117 if
the virus was to be virulent for chickens. The presence of these basic amino acids at these posi-
tions means that cleavage can be effected by a protease or proteases present in a wide range of
host tissues and organs but, for lentogenic viruses, cleavage can occur only with proteases recog-
nizing a single arginine (i.e. trypsin-like enzymes). Lentogenic viruses are therefore restricted in
the sites where they are able to replicate to areas with trypsin-like enzymes, such as the respira-
tory and intestinal tracts, whereas virulent viruses can replicate and cause damage in a range of
tissues and organs, resulting in a fatal systemic infection.

That the virulence of NDV strains is governed by the FO cleavage site is sufficiently estab-
lished that it has been incorporated into the most recent definition of Newcastle disease adopted
by the World Organization for Animal Health (OIE):

‘Newcastle discase is defined as an infection of birds caused by a virus of avian

paramyxovirus serotype 1 (APMV-1) that meets one of the following criteria for

virulence:

(a)  The virus has an intracerebral pathogenicity index (ICPI) in day-old chicks (Gallus
gallus) of 0.7 or greater.

or

(b) Multiple basic amino acids have been demonstrated in the virus (either directly or
by deduction) at the C-terminus of the F2 protein and phenyl-alanine at residue
117, which is the N-terminus of the F1 protein. The term ‘multiple basic amino
acids’ refers to at least three arginine or lysine residues between residues 113 to
116. Failure to demonstrate the characteristic pattern of amino acid residues as
described above would require characterization of the isolated virus by an ICPI
test.

In this definition, amino acid residues are numbered from the N-terminus of
the amino acid sequence deduced from the nucleotide sequence of the FO gene,
113-116 corresponds to residues —4 to —1 from the cleavage site.’

It should be noted that an in vivo test has been retained and is necessary to confirm a low-
virulence virus. This is to overcome the problems that may be experienced with the sequencing
technology if mixtures of virulent and avirulent are isolated. The definition allows confirmation
of the presence of virulent virus by sequencing, but an in vivo test is required to give a negative
result. The recommended in vivo test is the intracerebral pathogenicity index test in day-old
chicks. This involves the inoculation of virus derived from fresh infective allantoic fluid into the
brain of 10 1-day-old chicks from specific-pathogen-free parents. Each bird is examined at 24 h
intervals for 8 days and scored 0 if normal, 1 if sick and 2 if dead; sick birds that are too ill to
eat or drink must be killed humanely and scored as dead at the next observation. The index is
the mean score per bird per observation over the 8-day period. The most virulent viruses give
ICPI values approaching the maximum score of 2.0, while lentogenic viruses give values of or
close to 0.0.

Molecular techniques in diagnosis

There has been increasing use of reverse-transcription polymerase chain reaction (RT-PCR)
and other similar techniques to detect NDV in clinical specimens, the advantage being the
extremely rapid demonstration of the presence of virus. Oropharyngeal swabs are often used
as the specimens of choice because they are easy to process and usually contain little extraneous
organic material that can interfere with RNA recovery and amplification by PCR. However, tis-
sue, organ and faeces samples have been used with some success.
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Usually, RT-PCR systems have been used to amplify a specific portion of the genome that
will recognize all NDV strains and one that will give added value; e.g. amplifying part of the
F gene that contains the FO cleavage site so that the product can be used for assessing virulence.
Perhaps the most serious problem in the use of RT-PCR in diagnosis is the necessity for post
amplification processing because of the high potential for contamination of the laboratory and
cross-contamination of samples. Extreme precautions and strict regimens for handling samples
are necessary to prevent this.

More recently, real-time RT-PCR (rRT-PCR) techniques have come into prominence in the
diagnosis of Newcastle disease. The rRT-PCR assays are based on fluorogenic hydrolysis probes
or fluorescent dyes and eliminate the postamplification processing step that can lead to con-
tamination problems with conventional RT-PCR. In addition, results may be obtained rapidly,
sometimes in less than 3 h. The most successful application of a rRT-PCR test was in the USA
during the Newcastle discase outbreaks of 2002-2003, when the rRT-PCR assay employed
showed a sensitivity of 95% compared with virus isolation for more than 1400 specimens. The
test used in the USA has three sets of primers and probes that are used in separate reactions: a
matrix primer/probe set that is designed to detect most strains of NDV, a fusion primer/probe
set that can identify virulent strains of NDV and a primer/probe set designed to detect low viru-
lence strains of the virus. Samples are first screened with the matrix primers/probe then positive
specimens are tested with the low-virulence and fusion and primers/probe sets to confirm pres-
ence of low-virulence or highly virulent virus respectively. In the future it may be possible to
carry out all three reactions simultaneously in a single tube.

Phylogenetic studies

Development of improved techniques for nucleotide sequencing and the demonstration that
even relatively short sequence lengths could give meaningful results in phylogenetic analyses
have led to a considerable increase is such studies in recent years. Considerable genetic diver-
sity has been detected but viruses sharing temporal, geographical, antigenic or epidemiological
parameters tend to fall into specific lineages or clades and this has proved valuable in assessing
both the global epidemiology and local spread of Newcastle disease.

Although in the past phylogenetic studies have been impracticable as a routine tool, the greater
availability and increased speed of production of results obtained using sophisticated, commer-
cially available kits for RT-PCR and automatic sequencers now means such studies are within the
capabilities of many more diagnostic laboratories and can give meaningful results that are con-
temporancous rather that retrospective. It has been proposed that genotyping of NDV isolates
should become part of diagnostic virus characterization for reference laboratories by producing
a 375-nucleotide sequence of the F gene, which includes the FO cleavage site, routinely for all
viruses and comparing the sequences obtained with other recent isolates and viruses representa-
tive of the recognized lineages and sub-lineages. Such analysis should allow rapid epidemiological
assessment of the origins and spread of the viruses responsible for Newcastle disease outbreaks.

Serology

A wide range of tests may be used to detect antibodies to NDV in poultry sera and tests based
on neutralization or enzyme-linked immunosorbent assay (ELISA) reactions have been used in
support of the diagnosis of Newcastle disease. Currently, the HI test is most widely used.

The value of any serological method in the diagnosis of disease is clearly dependent on
the expected immune status of the birds involved and is therefore complicated in the case of
Newcastle disease by the worldwide use of vaccines.
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For most avian sera a positive HI titre may be regarded as 1/16 if 4 haemagglutinin units
(HAU) of antigen are used and 1/8 if 8 HAU are used (titres are more usually expressed as the
reciprocal of the end-point dilution in several forms of notation, i.e. 8, 23, log,3). In unvaccin-
ated birds, positive serology and clinical signs may be considered as strong diagnostic evidence of
the disease.

HI and other tests may be used to measure the immune status of vaccinated birds. Mean levels
expected following vaccination range from 2%-2° after a single live vaccine to 2°-2!" with multi-
dose programmes, including oil-emulsion inactivated vaccines. Some authors have attempted to
correlate HI titres to NDV with protection against a fall in egg production or disease when stock
are challenged with virulent virus. These estimates have been based on laboratory experiments
and at best are an oversimplification, as it is impossible to allow for the multifarious exacer-
bating conditions that may be encountered in the field.

Legislation

Most countries free of Newcastle discase have legislation aimed at preventing the introduction
of disease by infected birds or contaminated produce. Such legislation may be extremely com-
plicated and variable as it depends on the disease situation, internal control policies and vaccin-
ation status in both the importing and the exporting country.

In view of the association of the spread of the 1970-1973 panzootic in the western hemi-
sphere with the transportation of exotic birds, many countries impose quarantine on such birds
on importation, which is aimed specifically at the detection and elimination of birds infected
with NDV. Generally the requirement is for isolation for a period of at least 35 days, with close
veterinary supervision and virus isolation monitoring for NDV.

The spread of NDV by pigeons during the 1980s resulted in several countries imposing
restrictions on such birds, including bans on races from specific areas or compulsory vaccin-
ation. Measures enforced in European Union (EU) countries restrict races to pigeons that have
been vaccinated.

Legislative powers may also be applied to control disease within a country. Many countries
have a slaughter policy for birds with Newcastle disease, with compulsory disposal of all birds
and produce on site. Restrictions may also be imposed by law on the movement of poultry
and produce within a defined affected area. In some countries ‘ring vaccination’ may be obliga-
tory following an outbreak, while in other countries prophylactic vaccination of all poultry is
required by law.

In recent years the control of Newcastle disease in EU countries has been tackled by a series
of legislative directives defining disease, the measures to prevent introduction and spread, and
the method of stamping out disease if outbreaks occur. All legislative control measures require
careful definition and are inevitably dependent on nationally effective diagnosis, monitoring
and enforcement.

Vaccination

Basically, there are three types of commercially available vaccine for Newcastle disease: live len-
togenic, live mesogenic and inactivated. Live lentogenic vaccines are usually derived from field
viruses that have been shown to have low pathogenicity for poultry but produce an adequate
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immune response. Typical vaccine strains are Hitchner B, and La Sota — possibly the two most
widely used animal vaccines — and F strain and V4. However, these viruses have frequently been
subjected to selection pressures by manufacturers in order to improve their immunogenicity or
to enable their use by a particular method of application.

Live lentogenic vaccines may be given to birds individually by eye drop or beak dipping but it
is usually more practical to use methods of mass application such as in the drinking water or by
machines generating sprays or aerosols. Aerosols have particular use during epizootics in the face
of quickly spreading disease, as administration of lentogenic vaccine strains in this way may ena-
ble rapid vaccination of large numbers of birds and generally the immune response is particu-
larly fast. However, sprays and acrosols, particularly aerosols with small particle size that may
penetrate deeply into the respiratory tract, result in reactions that will be most severe in fully
susceptible birds. Use of acrosols of La Sota vaccine on such birds may result in heavy mortality.

Mesogenic vaccines such as Roakin, Mukteswar, Komarov and H have usually been derived
in the laboratory from fully virulent strains. Their use is generally restricted to countries where
there is a problem due to enzootic virulent viruses. Methods of application vary with strain.
Some may be given in drinking water while others require intradermal inoculation via the wing
web. Mesogenic vaccine viruses are capable of causing severe disease and must only be admin-
istered following primary vaccination with lentogenic viruses. Mesogenic vaccines are capable
of producing a high secondary immune response and are frequently used in countries in the
Middle and Far East; in most Western countries their use is prohibited. Birds infected with
mesogenic vaccine viruses would fall within the OIE definition of Newcastle disease.

Inactivated vaccines are usually prepared from egg-grown virus that is killed by treatment
with formalin or (3-propiolactone. Aqueous inactivated vaccines have been used but in recent
years these have been superseded by those based on oil. The immunogenicity of such vaccines
may vary considerably with the type and ratios of the components of the vaccine. Both virulent
and avirulent viruses have been used as a source of antigen for inactivated vaccines. From a
safety aspect, viruses of low virulence would seem the most sensible source of antigen and have
the added advantage of usually growing to higher titres in eggs.

Inactivated vaccines must be given individually to birds by intramuscular or subcutaneous
injection. Thus, in addition to their higher production costs, they are also much more expensive
to administer than live vaccines.

The timing of application and the type of vaccine is extremely important in the efficacy of
Newecastle disease vaccination. Many different parameters must be considered in devising vaccin-
ation programmes and these include: the disease situation, disease control policies, availability
of vaccine, maternal immunity, use of other vaccines, presence of other organisms, size of flock,
expected life of the flock, available labour, climatic conditions, economics of vaccination or type
of vaccine and past performance of vaccination programmes.

Maternal immunity represents a particular problem in vaccination against Newcastle disease
as it may prevent the effectiveness of primary vaccination. To overcome its effect, birds are either
left until 3—4 weeks of age before primary vaccination or vaccinated with live virus at 1-day-old
by eye drop or coarse spray, to establish infection in some birds that will spread to others as they
become susceptible, followed by revaccination at 3—4 weeks of age. Oil-emulsion inactivated
vaccines have also been used successfully in 1-day-old, maternally immune chicks.

Except during epizootics of Newcastle disease, vaccination past 3 weeks of age is usually only
practised in egg-laying birds. In order to maintain antibody levels, ecither slightly more viru-
lent live vaccines than the primary vaccines are given at regular intervals or inactivated vaccines
are used; the latter may be followed by mild live vaccines at intervals to maintain the immune
response.
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In many countries, where outbreaks of Newcastle disease are rare, vaccination of broiler
chickens is not practised as birds are kept such a short time after protection due to maternal
immunity has waned.

In some countries, particularly developing countries, many chickens are reared as scavenging
village chickens, which frequently act as reservoirs for NDV. Satisfactory vaccination of such
birds represents a considerable challenge. Over recent years the use of a thermostable lentogenic
virus that can be presented by coating food has been evaluated. Under field conditions this has
met with variable success.

Hygiene and disease security

Under field conditions vaccination alone is insufficient to bring about effective control of
Newcastle disease and must be accompanied by good hygiene. In poorly managed, overcrowded,
badly ventilated conditions with inevitable underlying bacterial infections even the mildest live
vaccine strains may produce disease sufficiently severe to mimic Newcastle disease of high path-
ogenicity. Good hygiene complemented by good management is therefore of critical importance
at all times and not merely during an epizootic of disease.

Hygiene measures should involve both maintaining the birds in a healthy environment and
imposing some degree of biosecurity. Ideally, this should begin at the planning stage of develop-
ing a commercial poultry farm. Poultry farms and flocks are best sited well away from each
other and not in the typical clusters seen in most highly developed countries. Houses and food
stores should be bird-proofed to prevent potential spread from feral birds. Some form of secur-
ity should be imposed on all farms and houses to prevent easy access of humans and fomites.
Ideally, vehicles should be thoroughly disinfected on entering and leaving premises. Any move-
ment directly between premises, such as food deliveries, egg collection, dead carcass collection,
etc., should be particularly avoided. On some farms, involving highly valuable genetic stock,
owners have installed change of clothes and showering facilities for staff entering and leaving
the site. Such procedures are highly desirable and should be more widely applied.

When outbreaks of disease do occur, further problems of hygiene arise at a farm level. Where
there is no slaughter policy, depopulation should nevertheless be contemplated, especially on
sites involving birds of different ages where the continual presence of susceptible birds may
result in the perpetuation of the virus despite the use of vaccines.

After depopulation all poultry and products, including faeces, should be disposed of correctly.
For countries with a slaughter policy this may involve burial or incineration on site. However, in
more and more countries alternatives to these methods of disposal have to be sought to comply
with antipollution laws. Trials have shown that carefully regulated and monitored composting
of materials, including carcasses, results in the removal of infectious virus provided that suf-
ficiently high temperatures are reached, and in some recent outbreaks in Europe carcasses have
been removed to rendering plants for destruction. The latter method has some risks since it
involves the movement of infective carcasses off the infected site.

osls

NDV is a human pathogen. Reported infections have been non-life-threatening and usually
not debilitating for more than a day or two. The most frequently reported and best sub-
stantiated clinical signs in human infections have been eye infections, usually consisting of
unilateral or bilateral reddening, excessive lacrimation, oedema of the eyelids, conjunctivitis and
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subconjunctival haemorrhage. Although the effect on the eye may be quite severe, infections are
usually transient and the cornea is not affected.

Reports of other clinical symptoms in humans infected with NDV are less well substantiated
but suggest that a more generalized infection may sometimes occur resulting in chills, headaches
and fever, with or without conjunctivitis.

There is evidence that both live vaccine and virulent (for poultry) strains of NDV may infect
and cause clinical signs in humans.

Human infections with NDV have usually resulted from direct contact with the virus, infected
birds or carcasses of diseased birds. There have been no reports of human to human spread,
although spread by contagion is theoretically possible. The types of person known to have been
infected with NDV include: laboratory workers (usually as a result of accidental splashing of
infective material into the eye), veterinarians in diagnostic laboratories (presumably as a result of
contact with infective material during post-mortem examinations), workers in broiler processing
plants and vaccination crews — especially when live vaccines are given as aerosols or fine dust.

AVIAN PARAMYXOVIRUS TYPE 2 (APMV-2)

Cause

Viruses of the APMV-2 serotype are also termed ‘Yucaipa-like’, indicating their close serological
relationship with the prototype strain (Table 25.1). These viruses may show wide serological varia-
tion in HI tests, and marked lability of the haemagglutination activity of some strains and isolates
has been recorded.

Hosts

APMV-2 viruses have been reported to infect both chickens and turkeys. Isolates have also been
obtained from a wide variety of feral birds but are most frequently associated with birds of the
order Passeriformes. Isolations of APMV-2 viruses are often obtained from exotic birds held in
quarantine, where their association with disease is uncertain. The incidence of isolations is much
higher from quarantined passerines than psittacines, suggesting that the virus is introduced by
these species and spreads to psittacines.

APMV-2 viruses are not known to infect humans, although there has been one report of
infected primates.

Geographical distribution

APMV-2 viruses have been reported to infect both chickens and turkeys in the USA, Canada
and Israel (although in these countries they show greater prevalence in turkeys), chickens in the
former USSR and Japan and turkeys in Italy and France. Recently APMV-2 infections of chickens
in the UK have been reported.

Isolations from feral or quarantine birds have been made in countries representing North and
South America, Asia, Europe and Africa. The wide distribution of viruses of this serotype is
probably related to the migratory nature of some of the species shown to be frequently infected.
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Spread

Little is known of the transmission of APMV-2 viruses from bird to bird but the ease of isol-
ation from the respiratory and intestinal tracts of infected birds suggests very similar mecha-
nisms to NDV. However, reports indicate relatively slow spread through a flock and that closely
situated flocks do not always become infected.

The prevalence of viruses of this serotype in small birds, which may invade poultry houses,
suggests mechanisms by which the virus may be introduced to poultry populations. Introduction
as a result of the importation of infected turkeys has been reported.

There is little evidence indicating the mode of secondary spread of APMV-2 viruses but it
may be assumed that all the mechanisms by which NDV is disseminated from farm to farm
may be similarly involved in the transfer of APMV-2 viruses.

Clinical signs

In uncomplicated infections, APMV-2 viruses may cause mild respiratory disease and reduced
egg production in chickens and turkeys. However, in the presence of exacerbative organisms or
environmental stress, the disease signs may be far more serious, with severe respiratory disease,
cessation of egg production and even high mortality.

No signs or post-mortem lesions are specific for APMV-2 virus infections.

Virus isolation and identification

Recommended virus isolation procedures in embryonated fowls eggs are identical to those for
NDV. Virus identification requires monospecific antiserum to APMV-2 virus for use in HI
tests. It is preferable to use antisera to more than one APMV-2 strain because of occasional
marked antigenic variation. APMV-2 viruses show extremely low pathogenicity indices in day-

old chicks or 6-week-old chickens.

Serology

Antibodies to APMV-2 viruses may be detected by HI tests. Serological surveys in some coun-
tries have indicated the presence of APMV-2 antibodies in flocks which have shown no overt
disease.

Many aspects of the introduction and spread of APMV-2 viruses will be controlled by legisla-
tion and procedures aimed at the prevention of Newcastle disease. However, the frequent isol-
ation of the virus from small birds indicates the importance of keeping poultry in bird-proofed
buildings. When clinical disease has been associated with the presence of APMV-2 virus, con-
trol has usually involved antibiotic treatment or medication aimed at the probable exacerbating
organisms. On some occasions depopulation has been necessary.
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Applications of the hygiene, biosecurity and management procedures outlined for NDV will
help in the prevention of secondary spread of APMV-2 viruses.

AVIAN PARAMYXOVIRUS TYPE 3 (APMV-3)

Cause

Viruses of the APMV-3 serotype have been differentiated into two serological groups that, at
present, appear to coincide with the isolation of virus from either psittacines and passerines or
turkeys. This distinction is indicated by conventional serology in HI tests but has been more
clearly confirmed by the use of mouse monoclonal antibodies. APMV-3 viruses may show sero-
logical relationships with NDV (APMV-1) isolates.

Hosts

APMV-3 viruses have been obtained from two sources: domestic turkeys and exotic pet birds
held in quarantine. Despite the high prevalence of APMV-3 viruses in turkeys in some coun-
tries, there have been no reports of APMV-3 viruses infecting chickens, although their suscepti-
bility has been demonstrated in the laboratory. Occasionally, HI antibodies to APMV-3 viruses
have been reported in chickens, but it seems most likely that these are the result of the cross-
relationships with NDV in well-vaccinated birds.

In birds held in quarantine the incidence of APMV-3 virus isolations is much higher in psit-
tacine species than passerine species, suggesting the introduction with psittacines with sub-
sequent spread to passerines. In contrast to viruses of APMV-2 serotype there have been no
confirmed reports of APMV-3 isolates from feral birds. The assumption is that APMV-3 viruses
are enzootic in feral psittacines but there is no evidence to verify this.

APMV-3 viruses have not been reported to infect humans.

Geographical distribution

APMV-3 viruses have been isolated from exotic pet or zoo birds in the Netherlands, the UK,
the USA, Belgium, France, Germany and Japan. Isolations from turkeys have been made in the
USA, Canada, the UK, France and Germany.

Spread

It has been suggested that the introduction of APMV-3 viruses into the turkey populations of
different countries may be due to the importation of infected birds. At present the evidence for
this is purely circumstantial.

Little is known of the methods of secondary spread of APMV-3 viruses among the turkey
population, although humans and fomites are strongly implicated. Spread from house to house
on a single site appears to occur only slowly. Outbreaks of disease in turkeys often recur at an
affected premises, despite precautionary measures such as cleaning, disinfecting and delay in
restocking.
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Clinical signs

Although APMV-3 viruses have been associated with nervous disease with high mortality in
captive psittacines in aviaries, their presence is not always marked by specific disease outbreaks
in birds held in quarantine.

In turkeys, viruses of this serotype appear to be responsible for mild respiratory disease and
reduction in number and quality of eggs laid. The effect on egg production in turkeys may show
considerable variation in severity, depending on the presence of other organisms, environmental
factors and the time at which infection occurs. Generally, there is a rapid fall in the number of
eggs produced, with a high level of white-shelled eggs. Recovery to normal egg production levels
may occur within a few weeks if there is little secondary involvement.

Virus isolation and identification

Procedures for the isolation of APMV-3 viruses in embryonated fowls’ eggs are identical to those
used for NDV. Although frequently isolated from exotic birds dying in quarantine, attempted
isolations from affected turkeys have not always resulted in a high success rate.

Virus identification is by using monospecific antiserum in HI tests. The cross-relationship
with NDV (APMV-1) may occasionally cause problems in typing isolates. However, using con-
ventional sera, adequate controls usually resolve any doubts, while monoclonal antibodies may
confirm specific typing.

APMV-3 viruses from either turkeys or exotic birds usually have very low pathogenicity indices
in day-old chicks or 6-week-old chickens. Some psittacine isolates have shown ICPI values com-
parable to those reported for mesogenic NDV isolates.

Serology

Antibodies to APMV-3 viruses can be detected in HI tests. High antibody titres may be
obtained following the use of inactivated vaccines in turkeys. HI titres to APMV-3 viruses in
turkeys vaccinated against NDV have been reported as absent or very low but the possibility of
positive APMV-3 titres due to cross-relationship with NDV should not be ignored in the sero-
logical diagnosis of APMV-3 infection.

Quarantine measures aimed at the control of NDV are applied in many countries and have
resulted in the awareness of APMV-3 viruses in exotic birds. However, little further action is
taken in isolation of APMV-3 viruses in any of the countries imposing quarantine and it is not
known what actual or potential effect these viruses may have on the health of the pet bird or
poultry populations of the countries to which they are introduced.

In turkeys, strict hygiene has been implemented to combat the effects and spread of
APMV-3 viruses. In addition, commercially available, oil-emulsion-inactivated vaccines have
been used successfully to control egg production problems associated with APMV-3 infections.
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PNEUMOVIRINAE (Richard C. JONES)

The subfamily Preumovirinae consists of two genera: Preumovirus — in which the pneumovi-
ruses responsible for infections of mammals are placed, the type species being human respira-
tory syncytial virus and Metapneumovirus — the pneumoviruses infecting avian species, the type
species being Turkey rhinotracheitis virus (TRTV). The genomic organization of APVs resem-
bles that of mammalian pneumoviruses, including Bovine respiratory syncytial virus and Human
respiratory syncytial virus, but with some distinct differences. In the USA, avian pneumoviruses
are referred to as ‘avian metapneumoviruses’ and disease in the turkey is called ‘avian metapneu-
movirus infection of turkeys’.

Avian pneumoviruses are the cause of turkey rhinotracheitis, a highly contagious respiratory
disease of turkeys, which may involve high morbidity and variable mortality. Turkey rhinotra-
cheitis results in significant falls in egg production in breeder turkeys. Avian pneumoviruses also
cause respiratory infection in chickens and are reported to cause loss of egg production in breed-
ers and layers. This has frequently been referred to as turkey rhinotracheitis in chickens but is
more correctly described as Avian pneumovirus (APV) infection of chickens. Often the term
avian rhinotracheitis is used for infection in both species. The precise role of APV as a primary
pathogen in the chicken is less clear than in the turkey, since experimental infection of chicks
with the virus usually produces very mild or asymptomatic disease. However, APV infection has
been associated with loss of egg production in layers and breeders and APV vaccines are effec-
tive in preventing such losses. Swollen head syndrome is sometimes a consequence of infection
of chickens with APV.

Turkey rhinotracheitis was first described in South Africa in the late 1970s and soon appeared
in Europe and the Middle East. APV infections in turkeys and chickens are now virtually world-
wide in distribution and of considerable economic significance, particularly in the turkey, where
it has arguably been the most important disease for more than 20 years. Until 1997, there was
no evidence of APV infection in North America, when a virus isolated from outbreaks of re-
spiratory disease among turkeys in Colorado, which later appeared in Minnesota, was shown to
be a pneumovirus that had some differences from the strains seen elsewhere. The disease is no
longer in Colorado but continues to be a problem in the turkey industry in Minnesota.
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Cause

APV is a pleomorphic, enveloped, RNA virus with an outer envelope bearing fusion (F) and
glycoprotein (G) spikes (Fig. 25.1). Originally, it was thought that there was only one type of
APV but work in the early 1990s, using monoclonal antibodies and nucleotide sequences of
the G protein, showed that there were at least two subtypes, identified as A and B. Originally,
type A was found in South Africa and the UK and type B in the rest of Europe. However,
it is now recognized that both subtypes are present in the UK, in continental Europe and in
most other parts of the world where chickens and turkeys are kept, except for the USA, Canada
and Australia. These viruses grow in tracheal organ cultures (TOC), where they cause ciliostasis;
they also grow in fertile fowls’ eggs inoculated via the yolk sac. They can be adapted to grow in
avian cell cultures and cell lines such as Vero cells. Both subtypes have been isolated from and
can infect chickens and turkeys. Commercial live and killed vaccines have been produced to
both types A and B and while, under experimental conditions, cross-protection offered by each
vaccine against the other is generally good, the existence of two types does lead to difficulties in
interpretation of ELISA tests, depending on the antigen used (see below).

In 1997, a pneumovirus was confirmed as the cause of respiratory disease of turkeys in the
USA, a country believed until then to be free of infection with APV. First encountered in
Colorado and then in Minnesota, molecular studies have shown this virus to differ from types A
and B, to a similar extent that A and B differ from each other. Initial comparisons of the nucle-
otide (nt) and predicted amino acid (aa) sequences of the fusion and matrix genes from the
Colorado APV showed that it shares 60% nt and 78% aa sequence identity, while the F gene
shares 71% nt and 67% aa sequence identity with subtypes A and B respectively. In contrast,
subtypes A and B had predicted aa sequence identities of 83—89% for M and F genes. Thus, the
US virus, possessing significant genetic identity, was called subtype C (Colorado). It has been
suggested that it may be a different serotype. It was originally isolated in Vero cells or chick
embryo fibroblasts, is not neutralized by antisera to types A or B, does not induce ciliostasis in
TOC, and its antibodies are only detected by ELISAs with homologous antigen.

More recently, French viruses originally isolated from turkeys in the mid-1980s have been
shown to be non-A, non-B and not subtype C. These viruses were assigned to subtype D.
Another APV isolated from Muscovy ducks in France was shown to be subtype C but of a dif-
ferent genetic lineage from the American subtype. Whether the French C or D subtypes are

Fig. 25.1 Electron micrograph of negatively stained particles of avian pneumovirus. The virions are pleomorphic and
covered with a regular fringe of spikes. Bar = 100nm.
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important in disease in Europe has not been reported. However, it seems possible that more
subtypes of APV may be detected in due course.

In 2000, the first report of a human metapneumovirus was published and several others fol-
lowed from other parts of the world. They were isolated from young children suffering from
mild to severe respiratory illnesses. Serological studies have shown that these viruses have been
circulating in human populations for more than 40 years. Nucleotide and amino acid sequences
indicate that the human metapneumovirus is more closely related to APV subtype C than A, B
or D.

Most of the descriptions to follow refer to what is known about APV subtypes A and B.

Hosts

APVs have been demonstrated in turkeys, chickens, pheasants, guinea fowl, Pekin ducks and
Muscovy ducks and antibodies have been detected in ostriches in Zimbabwe and herring gulls
in Germany. In countries with large populations of guinea fowl, they may be important in the
epidemiology of respiratory diseases. It is suspected that wild birds may be important in the
transmission of APV over large distances. In the USA, several studies have detected APV sub-
type C infection in wild migratory birds. APV RNA has been detected in the nasal turbinates of
wild sparrows, geese, swallows and starlings captured in the north central region and molecular
studies have shown them to be very closely related to isolates from turkeys. While these results
may suggest that APV can replicate in wild avian species, the precise role of migratory birds in
APV epidemiology is unclear. For example, the states surrounding Minnesota and Canada to
the immediate north have not reported serious APV outbreaks. Furthermore, while subtypes A
and B are present in South and Central America and migratory flight paths extend to the north,
neither of these variants has been reported in the USA.

Spread

Following infection of chickens or turkeys, APV is shed from the respiratory tract, primarily the
nares and trachea. In experimental infections, virus has sometimes been shown to be shed in the
faeces but the importance of this in the field is uncertain. The virus can spread rapidly within
a flock, suggesting the importance of droplet and aerosol transmission, although mechanical
means are likely to be significant between flocks. While experimental evidence suggests that
infected birds shed virus for only a relatively short time (6-8 days) postinfection, following its
introduction into a susceptible turkey population, APV infection spreads rapidly and frequently
occurs as an explosive epizootic. This was well documented in the UK when, between July and
December 1985, almost every turkey flock in England and Wales (but not Scotland) became
infected. During the primary wave of infection, turkey flocks of all ages are affected; subse-
quently, the disease becomes enzootic. Thereafter, successive waves of infection occur, affecting
only those farms that have been depleted and restocked with susceptible poults. The frequency
of these secondary waves appears to be, at least in part, dependent upon the density of the tur-
key populations. In high-density areas, most flocks will experience disease between 3 and 10
weeks of age. Conversely, in low-density areas secondary waves may be only rarely encountered.
The somewhat uneven global spread of APV infection remains an enigma. Turkey rhinotra-
cheitis first appeared in South Africa in the late 1970s and then Israel and Europe. It was sub-
sequently reported in many other parts of the world, but not the USA until the first report of a
pneumovirus in 1997, which proved to be a different subtype (C) from the familiar subtypes A
and B. Whether wild birds can transmit virus between continents in addition to local flocks and
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whether this is done mechanically or because they are infected is unknown. Australia remains
free of infection.

No evidence of prolonged virus persistence could be demonstrated in chickens or turkeys
after chemical T-cell immunosuppression, nor using sentinel birds. Although APV has been isol-
ated from very young poults and experiments have shown that there are abundant amounts of
virus in the oviduct epithelium of the infected turkey hens, there are no confirmed reports of
egg transmission in either turkeys or chickens.

Litdle work has been done on the survival of APV strains away from the host, although
American work with the subtype C virus suggests that it may survive many days in litter.
However, these viruses are easily killed by common disinfectants.

Other factors

Exacerbating factors for APV infection are the common ones for respiratory diseases and
include high ammonia and dust levels in the atmosphere, overcrowding and intercurrent infec-
tions. Infectious agents that have been shown to have a synergistic effect include Escherichia
coli, Ornithobacterium rhinotracheale, Mycoplasma gallisepticum and Chlamydophila. Mycoplasma
synoviae does not appear to have an exacerbating effect. In contrast to synergism, when chicks
are infected with both APV and Infectious bronchitis virus (IBV), IBV limits the replication of
APV but still allows a protective response and this has a bearing on vaccine programmes for
young chicks (see below). Simultaneous dual vaccination of chicks with live APV and NDV
vaccines does not have the adverse effect that IBV vaccines do. Dual infections with immuno-
suppressive viruses have not been investigated.

E. coli infection is invariably present in swollen head syndrome in broiler chickens, which
sometimes follows APV infection. However, APV is not the only virus associated with the con-
dition and reports indicate the involvement of IBV in some outbreaks.

PATHC')'GEI\:I:ESISI

Susceptible turkeys and chickens become infected via the respiratory tract and virus replication
can be demonstrated by immunostaining of the epithelium of the turbinates and the trachea by
2 days postinfection. Infectious virus usually cannot be isolated from these sites for more than
6-8 days and the lungs and air sacs do not usually contain virus. However, intercurrent infec-
tion with E. coli, O. rhinotracheale and other agents may exacerbate and prolong the respira-
tory disease and permit greater penetration of virus into the lower respiratory tract. Intercurrent
infection with M. gallisepticum may increase the overall morbidity within a flock.

In mature female turkeys without antibodies, virus has been demonstrated in the epithelium
of the oviduct in all regions on days 7-9 postinfection. It is thought that infection here causes
a sequence of events leading to loss of egg production and sometimes egg quality (white, thin
shells) although without the permanent effects IBV can have on the reproductive tract of the
chicken. It is likely that virus reaches the oviduct from the respiratory tract after a viraemic phase.
In the chicken, a direct effect of virus on the oviduct has been harder to establish and, although
infection adversely affects egg production, it may be mainly due to the stress of infection.
Experimentally, loss of production in hens has only been induced after intravenous inoculation of
virus. Natural infections have been reported to cause loss of pigment in normally brown eggs.

Infection with APV results in the development of virus-neutralizing and ELISA antibodies in
the serum, but these antibodies appear to have little importance in controlling the respiratory
disease. When poults were B-cell immunosuppressed by cyclophosphamide and vaccinated at
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1 day old, despite their inability to produce circulating antibodies, they were immune to chal-
lenge with virulent APV given at 21 days of age, suggesting that cell-mediated immunity is
important. Indeed, more recent work has confirmed that cell-mediated immunity helps birds
recover from respiratory infection. Circulating antibodies however, play an important role in
protecting the oviduct after infection of laying birds and this is the rationale behind the use of
killed vaccines following priming with live vaccines.

Maternal antibodies have been shown to be ineffective in the face of early challenge of poults
and chicks and they have little adverse influence on early vaccination with live vaccines. Locally
produced antibodies appear to be actively involved in protection. Virus-specific IgA and IgG can
be detected in the tears of both chicks and poults after infection with virulent APV and the tears
have virus-neutralizing activity. However, following infection with an attenuated APV, the tur-
key reacts much more vigorously than the chicken in terms of lachrymal antibodies, so the local
immune responses of the turkey and chicken appear to differ in terms of degree. This may be of
importance in relation to vaccine strategies for the two species.

Signs and lesions
Turkeys

APV infection results in an acute disease of the upper respiratory tract in turkeys from an early
age. The condition most commonly affects turkey flocks aged between 3 and 10 weeks and
is characterized by rapid onset, with high flock morbidity that frequently approaches 100%.
Clinical signs may include depression, change of voice, gasping, moist tracheal rales, snicking,
coughing, submandibular oedema, swollen infraorbital sinuses, foamy ocular discharge and
excess mucus detectable at the nostrils. In uncomplicated cases recovery is rapid and may be
complete in 7-14 days with low or no mortality. However, high mortality rates, often exceeding
50%, have been reported and these are associated with secondary bacterial invasion, particularly
by E. coli. Mortality rates may also be increased by poor hygiene or ventilation, overstocking
and cold, damp weather.

There appears to be wide variation in the severity of clinical signs between birds in a flock
and between flocks, and in the morbidity rate. The signs are similar to those outlined for turkey
coryza. Rarely, flocks may exhibit no overt signs, yet seroconversion can be detected. Generally,
the clinical signs are reduced in flocks older than 10 weeks of age and those housed in open-
sided sheds or on free range.

In breeding flocks clinical signs may be less severe and are closely followed by a drop in egg
production. Typically the loss is about 50%, but this may vary considerably. Egg production usu-
ally returns to normal in 2—4 weeks and the recovery phase is commonly associated with increased
numbers of white and thin-shelled eggs. Reduction in hatchability may occur. The effects on egg
production are more severe if the flock has rhinotracheitis in the first 2-3 weeks of lay. Prolapse
of the oviduct may occur in turkey hens affected in lay as a result of violent coughing.

At necropsy, excess respiratory mucus is found in the nares and trachea, which at first is clear
but may become mucopurulent with time, especially where bacteria are involved. In com-
plicated outbreaks typical lesions of colisepticaemia are found in several organs. In affected
breeders, the oviducts may contain masses of inspissated albumen and occasionally solid yolk.
Oviduct regression may be accompanied by egg peritonitis.
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Microscopic changes occur in the mucosa of the nares and trachea between 4 and 10 days
after infection. The first abnormality seen is focal loss of the surface ciliary layer at 2 days. By
day 4 the loss of cilia is most extensive and the mucosal surface is irregular as a result of extru-
sion of epithelial cells. Within the epithelium there is vacuolation and occasional cell debris.
Subepithelial hyperaemia is also present with intraepithelial heterophils and lymphocytes.
Copious inflammatory exudate is observed. These degenerative and inflammatory changes
become most marked between days 4 and 10. In the later stages, subepithelial lymphocyte accu-
mulations become conspicuous. Beyond 10 days after infection, recovery occurs and the trach-
eal epithelium returns to normal. The changes are not pathognomonic.

Chickens

The role of APV as a primary pathogen of the chicken is poorly understood. Strains of virus
that cause overt clinical disease in turkeys induce an antibody response in chickens but only
mild disease, with a clear nasal exudate, or subclinical infection. In broilers, APV may be one
of several agents involved in respiratory disease of multiple aetiology. Experimentally, concur-
rent infection of chicks with APV and other agents such as E. coli or M. gallisepticum has been
shown to exacerbate and prolong respiratory signs and lesions. In uncomplicated APV infec-
tion, microscopic lesions in the respiratory tract are usually less marked than in the turkey. In
breeders or commercial layers, APV infection is associated with reduced egg production and loss
of shell colour.

Swollen head syndrome, consisting of swelling of the periorbital and infraorbital sinuses with
associated torticollis and cerebral disorientation, usually in less than 4% of chickens in a flock,
has been associated with earlier APV infection. Swollen head syndrome is not exclusively the
result of APV infections and appears to be the consequence of secondary bacterial infection and
E. coli is invariably involved. It has never been produced experimentally with APV alone and the
mechanism of development of swollen head syndrome has never been elucidated. Nonetheless,
APV vaccines are effective against the condition. Pneumovirus infections are regarded as a com-
mon predisposing factor to secondary adventitious bacterial infections in mammals, most not-
ably respiratory syncytial virus leading to otitis media in children.

Virus isolation/detection

Clinical signs due to APV infection in the turkey and the chicken may resemble those caused by
other respiratory agents, so laboratory methods are needed for confirming a diagnosis. The diag-
nosis of APV infection depends on the demonstration of the virus, by isolation or by RT-PCR
or specific serum antibodies by ELISA.

If virus isolation is attempted from clinical specimens, it is essential to obtain fresh mate-
rial from affected birds in the early stages of the disease. Difficulty may be encountered in isol-
ation since, by the time clinical signs are evident, infectious virus may be very difficult to isolate.
Upper respiratory tract material is preferred to that from the trachea. Ocular, nasal or tracheal
exudate or swabs bearing this material are agitated with antibiotic broth and inoculated into
TOC which are examined for up to 11 days for evidence of ciliostasis. A further one or two
passages may be necessary if the samples are negative on first passage. Virus identity needs to be
confirmed by immunofluorescence staining of infected TOC, by an SN test in TOC using an
anti-APV serum or by RT-PCR. An alternative to TOC is to use fertile eggs after 6 days of incu-
bation, inoculated via the yolk sac. APV infection causes haemorrhages on the embryos with
some mortalities, usually after two or three passages. Egg-passaged material will then induce
syncytial-type cytopathic effect in tissue culture of chick embryo origin. However, for primary
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isolation of types A and B virus, tissue cultures of turkey or chick origin or mammalian cell
lines are usually considered to be of little value, although cell cultures were used successfully for
isolation of the US subtype C virus which is not ciliostatic in TOC. Virus isolation is expensive
and time-consuming. An alternative to isolation is the use of sentinel birds, which also has these
disadvantages. Immunofluorescence (fluorescent antibody) staining of tracheal epithelial smears
or frozen sections is a rapid way of detecting virus but only of value in the early stages after
infection.

Molecular methods have been developed for detecting APV in clinical material. RT-PCR with
appropriate primers is capable of distinguishing between subtypes A, B and C. This method-
ology has the advantages of high specificity and speed and can detect vestiges of viral nucleic
acid in clinical samples when complete infectious virus can no longer be isolated. Because of
these features, RT-PCR is now widely used in most diagnostic laboratories. The recommended
protocol is to take dry swabs from the oropharynx and choanal cleft, usually at least 10 from
each flock. These swabs can be transported at ambient temperature without significant loss
of ability to detect viral nucleic acid by RT-PCR. However, it is worth remembering that the
molecular method does not provide the live virus, so, if it is needed for further studies, then
isolation will need to be done as well.

Serology

Serum antibodies may be detected by indirect immunofluorescence, serum neutralization tests
or ELISA. The latter is the method of choice for large-scale flock testing. Several commer-
cial ELISAs are available for subtypes A and B viruses but discrepancies have arisen because
of apparent false negatives, since ELISAs using plates coated with heterologous antigen sub-
type may be less sensitive for detecting antibodies to the homologous subtype. When birds have
been vaccinated with one type and challenged with the other, or perhaps both, interpretation of
tests may be difficult. In order to obviate this problem, new approaches to expressing the viral
proteins essential for ELISA testing are being developed to provide subtype specific or bi- or
trivalent tests. Normally, antibodies to the US type C virus can only be detected with an ELISA
using the homologous antigen.

While detection of antibodies to APV is valuable in indicating the presence of field infection
in a flock and assessing vaccinal ‘takes’, it must be remembered that failure to detect antibodies
after vaccination does not necessarily indicate lack of immunity.

There is no treatment for APV infection. Application of antimicrobials to treat secondary bac-
terial infections may have some success, especially on multiage sites. However, the main approach

to control has been through the use of vaccines.

Live attenuated and inactivated oil-adjuvanted vaccines are available and generally give good
protection, provided that they are given carefully, so that each bird receives the appropriate dose.
The live vaccines are used to protect against disease in growing turkeys and broilers and are
effective in the face of maternal antibodies. Turkeys are usually vaccinated at 1 day old by spray,
but broiler vaccination may be delayed by about 1 week, since there is evidence that simultan-
eous vaccination with live IBV vaccine at 1 day old impairs the response to APV vaccines. This
is unlikely to occur with NDV vaccines. Sometimes turkeys are revaccinated during rearing by
spray or in the drinking water, although the latter method is less effective. Although it has been
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shown that live vaccines developed from subtypes A and B protect against challenge with the
heterologous virus, vaccines of both types are frequently used for the same flock and are some-
times given alternately or simultaneously with half or full doses of each.

Live vaccines also act in priming future layers and breeders before application of inactivated
vaccines. Both chickens and turkeys can be protected against loss of egg production and quality
by the use of live priming and killed vaccines before laying begins. Killed vaccines may be given
alone or in combination with other killed preparations.

Immunity to APV infection of the respiratory tract is not dependent on circulating anti-
bodies and birds that are negative by ELISA may still be protected.

From time to time, flocks may experience apparent vaccine failure after APV vaccines. It
has been shown experimentally that multiple bird-to-bird passage of attenuated APV virus in
nonimmune birds can result in exaltation to a virulent form. For this reason, it is important to
ensure that all birds receive a full dose of vaccine so that they all have the chance to develop full
immunity. In order to eliminate the adverse effects of reversion, several novel approaches to APV
vaccines are being investigated, such as vector vaccines and infectious clone ‘reverse genetics’
vaccines.

Although the human pneumovirus is more closely related to APV subtype C than to subtypes
A, B or D, they are different viruses and there is no evidence that the avian viruses can infect
humans.

Cook J KA 2000 Avian rhinotracheitis. In: Beard C W, McNulty M S (eds) Disease of poultry: world trade
and public health implications. Rev Sci Tech19: 602-613
Cook J K A, Huggins M B, Orbell S J et al 1999 Preliminary antigenic characterisation of an avian

pneumovirus isolated from commercial turkeys in Colorado, USA. Avian Pathol 28: 607-618
Gough R E 2003 Newecastle disease, other avian paramyxoviruses and pneumovirus infections: avian pneu-
moviruses. In: Saif Y M (ed) Diseases of Poultry, 7th edn. Jowa State University Press, Ames, p 92-101
Jones R C 1996 Avian pneumovirus infections: questions still unanswered. Avian Pathol 25: 639-648
Njenga M K, Lwamba H M, Seal B S 2003 Metapneumoviruses in birds and humans. Virus Res 91:
163-169
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Orthomyxoviridae -
avian influenza

Viruses forming the family Orthomyxoviridae are enveloped RNA viruses with single-stranded
genomes of negative sense (i.e. the virus RNA is complementary to the messenger RNA) that
are divided into eight segments. Proteins are associated with the RNA genome to form the
nucleoprotein—-RNA—polymerase complex. The matrix protein surrounding the genome com-
plex is enveloped in a lipid membrane covered by two different surface projection glycoproteins
with which haemagglutination and neuraminidase activities are associated separately. The hae-
magglutinin is responsible for attachment of the virus to cell receptors and eventually for the
fusion of the virus and cell membranes, allowing the virus genome to enter the cell and replica-
tion to take place. Six of the segments of the virus genome are single genes coding for a single
structural protein or precursor protein. The two matrix protein genes are on one segment, as are
the two nonstructural proteins. This segmentation is an important property of these viruses as it
allows reassortment of genes to occur if two viruses infect and replicate in the same cell.

By negative contrast electron microscopy, orthomyxoviruses appear as roughly spherical or
filamentous particles 80—120 nm in diameter or cross-section.

At present the Orthomyxoviridae family consists of five genera: Influenzavirus A, Influenzavirus
B, Influenzavirus C, Thogotovirus, tickborne viruses that occasionally infect mammals, and
Isavirus, the virus responsible for infectious salmon anaemia. Only viruses of the Influenzavirus
A genus are known to infect poultry.

Cause

A disease capable of causing extremely high mortality among infected fowl was first differentiated
from other diseases in 1878 and became known as ‘fowl plague’. The causative organism of this
discase was shown to be a virus as early as 1901 but it was not until 1955 that the relationship
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with mammalian influenza A viruses (first isolated in the 1930s) was demonstrated. This find-
ing led to the recognition that other isolates from birds, which were serologically distinguish-
able from the ‘fowl plague’ viruses and usually caused only mild disease, were also influenza A
viruses. Furthermore, it was shown that influenza A viruses capable of causing the virulent form
of the disease in chickens could be of at least two subtypes of influenza A and that viruses of low
virulence could be antigenically indistinguishable from those of high virulence. This resulted in
some problems of definition, since fowl plague’ viruses had been considered to be of a specific
serological subtype. As a result, the term ‘highly pathogenic avian influenza’ (HPAI) was adopted
to apply to viruses capable of causing the severe disease (i.e. fowl-plague-like disease) in poultry
regardless of their subtype and the term low pathogenic avian influenza (LPAI) to other viruses.

To date, only influenza A viruses have been isolated from birds. Viruses are placed in genera
or types A, B or C on the basis of the nucleocapsid or matrix antigens, which are common for
all viruses of the same type/genus. Influenza A viruses are subtyped on the basis of the haemag-
glutinin (H) or neuraminidase (N) antigens; it is these antigens that are important in protective
immunity and show the greatest variation. At present there are 16 recognized H subtypes and
nine N subtypes. Each virus possesses one H and one N subtype and most of the possible com-
binations have been isolated from avian species.

There are strict rules for naming influenza isolates. The name should show: (1) antigenic type;
(2) host of origin; (3) geographical location; (4) strain reference number; (5) year of isolation; and
(6) for type A viruses the H and N subtypes, e.g. A/turkey/England/199/79 (H7N?7).

Because of the marked difference of the disease in susceptible poultry caused by avian influ-
enza (Al) viruses depending on the virulence of the virus strain (see Clinical signs, below) it is
necessary to make clear definitions of the different viruses for trade and control purposes. This
is further complicated by the fact that the virulent viruses appear to arise by mutation of LPAI
viruses of H5 and H7 subtype and that this occurs in poultry. In some instances the mutation
from LPAI to HPAI appears to have occurred very quickly after introduction into poultry but
on other occasions the low virulence virus of H5 or H7 subtype has circulated for some time
before the mutation has taken place. In recent years the consensus among those concerned with
the control of avian influenza and international trade in poultry products has been that to avoid
the emergence of HPAI there should be control measures aimed at LPAI viruses of H5 and H7
subtypes. The World Organization for Animal Health (OIE) has addressed this in the 2005
Terrestrial Animal Health Code with the following definitions:

For the purposes of this Terrestrial Code, avian influenza in its notifiable form (NAI)

is defined as an infection of poultry caused by any influenza A virus of the H5 or H7

subtypes or by any Al virus with an intravenous pathogenicity index (IVPI) greater than

1.2 (or as an alternative at least 75% mortality) as described below. NAI viruses can be

divided into highly pathogenic notifiable avian influenza (HPNAI) and low pathogenic-

ity notifiable avian influenza (LPNAI):

(a) HPNAI viruses have an IVPI in 6-week-old chickens greater than 1.2 or, as an
alternative, cause at least 75% mortality in 4- to 8-week-old chickens infected
intravenously. H5 and H7 viruses which do not have an IVPI of greater than
1.2 or cause less than 75% mortality in an intravenous lethality test should be
sequenced to determine whether multiple basic amino acids are present at the
cleavage site of the precursor haemagglutinin molecule (HAO); if the amino acid
motif is similar to that observed for other HPNAI isolates, the isolate being tested
should be considered as HPNAI.

(b) LPNAI are all influenza A viruses of H5 and H7 subtype that are not HPNAI

viruses.
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The term LPAI is then used to define all infections caused by Al viruses that are not NAI
viruses. The revision of the definition of avian influenza has resulted in modified trade require-
ments, as these now also apply for LPAI of H5 and H7 subtypes, i.e. LPNAI viruses.

Hosts

Not until the 1970s was it realized that vast pools of influenza A viruses exist in the feral bird
population; since then this aspect of the ecology of influenza viruses has received considerable
attention. Surveys of wild birds have resulted in the isolation of viruses from species representing
all the major avian families throughout the world. However, the frequency and number of
isolations from other species has been overshadowed by the presence of these viruses in water-
fowl, especially ducks. Analysis of the various published reports of surveillance studies indicates
an overall isolation rate of about 11% from sampled birds. However, that isolation rate fell
to about 2% if ducks and geese were excluded, and within the Order Anseriformes the large
majority of viruses were isolated from birds of the genus Anas, particularly mallard ducks (Anas
platyrhynchos). Isolation rates for ducks congregating on lakes prior to migration have been very
high, usually in the range of 20-60%, although somewhat lower further along migratory routes.
Nevertheless, this indicates the potential for the spread of influenza viruses throughout the
world by migratory birds. Despite the predominance of Al viruses in waterfowl, studies suggest
that waterfowl do not act as a reservoir for all avian influenza viruses. It seems likely that part
of the influenza gene pool is maintained in shorebirds and gulls, from which the predominant
number of isolated influenza viruses are of different subtypes from those isolated from ducks.

In domestic poultry there is good evidence that the highly pathogenic disease was widespread in
Europe at the end of the 19th and beginning of the 20th centuries. During the 1920s disease was
also reported in the USA, Africa and the Far East. By 1959 reports of the disease were extremely
rare but in that year chickens in Scotland showed classical signs of ‘fowl plague’ and were shown
to be infected with a virus of H5 subtype; until that time all HPAI viruses had been of H7 sub-
type. The viruses responsible for the reported outbreaks of HPAI in domestic poultry since 1959
are listed in Table 26.1. It should be noted that, so far, all have been of H5 or H7 subtype.

Prior to 1955, infections of poultry with influenza viruses of low pathogenicity appear to have
gone largely unreported or unrecognized, although a few isolates, such as A/chicken/Germany/
N/49 (H10N7), were available and were identified as influenza viruses some years after isol-
ation. In more recent years, such viruses have been reported from most countries with developed
poultry industries as occasionally infecting chickens and turkeys. Commercial ducks have also
frequently been shown to be infected with influenza viruses but this has rarely been associated
with disease because of the marked clinical resistance these birds show, even to strains that are
highly virulent for chickens and turkeys. Most of the minor poultry species have been shown to
be susceptible to infection with influenza virus and isolations of virus have been reported from
Muscovy ducks, geese, quail, guinea fowl, chukars, partridges, pheasants, ostriches and other
ratites. The susceptibility of pigeons (Columba livia) remains unclear. Historically, pigeons have
been considered to be resistant to all types of Al virus and, in experiments, attempted infections
of pigeons have usually failed even with HPAI viruses. However, there have been several reports
of Asian HPAI H5N1 isolates obtained from pigeons.

Spread

Influenza viruses replicate in the respiratory and intestinal tracts of infected birds and bird-to-bird
transmission would appear to occur through virus in droplets or acrosols from the respiratory
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tract or through faeces, either directly or in contaminated water or food. In view of the relatively
slow and inefficient spread observed in both natural and experimental infections when individual
birds are not in very close contact, especially with HPAI viruses, the faecal-oral route may be the
main route of spread. There is little evidence that airborne spread occurs over long distances.

Until recently it appeared that the epidemiology of Al consisted of the perpetuation of LPAI
viruses of all H subtypes in wild birds, where they caused little or no disease, with spread from
time to time to poultry. Very occasionally introductions of LPAI viruses of H5 or H7 subtype
into poultry resulted in the mutation of these viruses to virulent viruses that caused HPAL In
the large majority of HPAI outbreaks (i.e. excluding the Asian H5N1 HPAI virus) HPAI viruses
had rarely been isolated from free-living birds and when they had been isolated it was usually
in the vicinity of outbreaks of HPAI in poultry or geographically and chronologically close to
known outbreaks in poultry. The one exception, prior to the Asian H5N1 virus, was an out-
break in terns in South Africa in 1961 caused by H5N3 HPAI virus with no apparent poultry
connection.

The degree to which LPAI or HPAI viruses spread in poultry appeared to be considerably
variable and depended on the levels of biosecurity and concentration of poultry in the vicinity
of the initial outbreaks or the emergence of HPAI virus. However, events during the late 1990s
and especially after 2003 have completely changed our concepts of Al epidemiology and the
spread of LPAI virus of HIN2 subtype and HPAI virus of H5N1 subtype need separate consid-
eration from the general situation.

General situation

All available evidence suggests that normally the primary introduction of LPAI viruses into a

poultry population is a result of wild bird activity, usually waterfowl but gulls and shorebirds

have also been implicated. This may not necessarily involve direct contact, as infected waterfowl

may take the viruses to an area and these may then be introduced to poultry by humans, other

types of birds or other animals, which do not need to be infected but may transfer the virus

mechanically in infective faeces from the waterfowl. Surface water used for drinking water may

also be contaminated with influenza viruses and a source of infection. There is much evidence

implicating waterfowl in the vast majority of primary LPAI outbreaks and in summary this is as

follows:

® There is a much higher prevalence of infection of poultry on migratory waterfowl routes

¢ There is a higher prevalence of infection of poultry kept in exposed conditions (e.g. turkeys
on range, ducks on fattening fields) and, conversely, where there have been regular LPAI
infections and change to a policy of confinement has been pursued LPAI problems largely
disappear

¢ Surveillance studies in areas with LPAI problems in poultry have shown the same variation in
virus subtypes in sampled waterfowl and turkey outbreaks

® Influenza outbreaks show a seasonal occurrence in high-risk areas, which coincides with
migratory activity

® In most documented specific outbreaks evidence has been obtained of probable waterfowl
contact at the initial site.

Although waterfowl and other wild birds appear to be responsible, albeit indirectly, for most

influenza introductions to domestic poultry, other possibilities should not be ruled out. For

example, it seems highly likely that HINI viruses may pass readily between pigs, humans and

turkeys and the introduction of viruses of this subtype to turkey flocks from infected pigs has

been well documented.
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In most recorded outbreaks of influenza virus infections of poultry, secondary spread has been
considered to be primarily by the agency of humans, generally by the transference of live birds
or infective faeces from infected to uninfected flocks. In many developed poultry industries
most collections and deliveries are done on a contractor basis, resulting in considerable numbers
of different people and equipment travelling from one farm to another. Obviously, such traffic
particularly lends itself to the efficient spread of the virus.

Until the 1990s infections with LPAI viruses, even where outbreaks in poultry occurred regu-
larly, were usually thought to have usually occurred as fresh introductions, sometimes remaining
present in the poultry in some areas for some time causing extended outbreaks, but were not
considered to be endemic in any poultry compartment throughout the world. Since such viruses
have not been the subject of notification and control aimed at eradication it was not clear why
they had not become more ubiquitous and endemic in poultry across large geographical areas as
had other viruses such as avian pneumoviruses or avian infectious bronchitis viruses. However,
since the mid-90s it has become clear that this situation has changed. In addition to the prob-
lems seen with viruses of HON2 and H5N1 subtypes described in the next two sections, there
have been other areas where virus appears to have become established in poultry. In the USA,
for example, LPAI of H7N2 subtype appears to have been maintained in live bird markets and
a number of outbreaks in conventional commercial poultry have been traced to these markets.
In Mexico LPAI viruses of H5N2 have continued to be isolated from poultry since their emer-
gence in 1994 and despite the widespread use of vaccines.

It also appears that when HPAI viruses have emerged secondary spread has been far more sig-
nificant in recent years than in the past. In the first 12 outbreaks since 1959 there was relatively
little spread from the farm where the virus was first detected, except in Pennsylvania in 1983/84
when there were 448 outbreaks and 17000000 birds died or were slaughtered. In contrast, since
1994 there has been significant spread to numerous sites, resulting in huge economic losses in
Mexico in 1994, Pakistan in 1994, Hong Kong in 1997, Italy in 1999/2000, the Netherlands
in 2003 and Canada in 2004 (Table 26.1). Even these massive outbreaks have been dwarfed by
the Asian HPAT H5N1 outbreaks discussed below.

LPAI HON2 virus

Infections of poultry, mainly chickens, with LPAI viruses of HIN2 seem to have become geo-
graphically widespread and in some areas endemic. In the mid-1990s outbreaks in poultry due
to HIN2 Al viruses occurred in Germany, Italy, Ireland, South Africa, USA, Korea and China.
Since 2000, HIN2 infections of poultry have been reported in countries across from the Middle
East to east Asia (Israel, United Arab Emirates, Saudi Arabia, Jordan, Kuwait, Lebanon, Libya,
Iraq, Iran, Pakistan, China and Korea), often causing widespread and persistent outbreaks in
commercial poultry. Several of these countries have implemented wide-scale vaccination pro-
grammes against the HON2 virus.

Asian HPAI H5N1 virus

The emergence of HPAI H5N1 virus in south-east Asia and its spread across Asia and into
Europe has also presented wholly new concepts in the epidemiology of Al The apparent pro-
genitor virus for the subsequent outbreaks of HPNAI of H5N1 subtype was obtained from
an infection of geese in Guandong province PR China in 1996. In some reports it has been
considered that the virus continued to circulate in southern China, primarily in domestic ducks
and showing some genetic variation. This apparently low-level, but probably endemic, situation
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changed dramatically in December 2003 to February 2004 when suddenly eight countries in
E and SE Asia reported outbreaks of HPNAI due to H5N1 virus. Although there seemed to
be some success in controlling the outbreaks in some countries, it appeared to re-emerge in a
second wave in July 2004 onwards. Malaysia reported an outbreak in poultry in August 2004
and became the ninth country in the region to be affected. The virus appeared to affect all sec-
tors of the poultry populations in most of these countries, but its presence in free-range com-
mercial ducks, village poultry and fighting cocks seemed especially significant in the spread of
the virus.

If HPAI virus becomes widespread in poultry, especially in domestic ducks that are reared
on free range, spillover into wild bird populations is inevitable. In the past such infections have
been restricted to wild birds found dead in the vicinity of infected poultry, but there has always
been concern that infections of wild birds in which HPAI virus caused minimal or no clin-
ical signs (e.g. ducks) could result in spread of the virus over large areas and long distances.
Outbreaks affecting many wild bird species at two waterfowl parks in Hong Kong were recorded
in 2002 and further, possibly more significant, outbreaks in wild migratory birds were reported
in China and Mongolia in 2005. In particular it was suggested that presence of virus in migra-
tory birds at Lake Qinghai in Western China could be the means by which the H5N1 virus
could spread west and south.

There is no good evidence that wild birds were responsible for the introduction into Russia but
HPAI H5N1 virus genetically closely related to isolates obtained at Lake Qinghai reached poul-
try there in the summer of 2005. Whether spread from there to other western Asian and some
eastern European countries occurred or whether virus was introduced independently is not clear;
neither is it clear whether spread was associated with movements of poultry or wild birds —
possibly both were involved — but during 2005 and the beginning of 2006 genetically closely
related H5N1 viruses appeared in a number of countries in the region.

Reports of HPAI H5N1 virus infections continued in the first 3 months of 2006 and by early
April 2006 31 countries from Asia, Europe and Africa had reported HPNAI caused by H5N1
virus to the World Organization for Animal Health (OIE) since the end of 2003 (Table 26.1).

Two isolated incursions of HPAI H5N1 virus into Europe occurred in 2004 and 2005 and
are good examples of the influence of humans in the potential spread of Al viruses. The first was
detected when eagles smuggled from Thailand and confiscated at Brussels Airport, Belgium were
shown to be infected with H5N1 virus genetically similar to those isolated in Thailand. The sec-
ond was when investigations of deaths in captive caged birds held in quarantine in England,
ostensibly from Taiwan, showed them to have resulted from HPAI H5N1 infection. In this case
the virus was genetically closest to viruses isolated in China.

Isolates from dead swans were obtained in Croatia in October 2005. These infected swans
were a forerunner of the apparent importance of these birds in the spread of HPAI H5N1 and
during January to April 2006 wild mute swans or other wild birds were shown to be infected
in Azerbaijan, Iran, Kazakhstan, Georgia and 20 European countries. What appears to have
occurred was that mute swans, or other birds, overwintering on the Black Sea became infected
at a time when adverse weather conditions made the Black Sea inhospitable and the birds dis-
persed to other areas. However, this would not explain the appearance of ostensibly the same
HS5NI strain in swans and wild birds on the Baltic Coast at the same time.

The spillover and circulation of H5N1 in wild birds represents the first occurrence in recorded
history of such an event. The virus has infected over 50 wild bird species that represent a broad
taxonomic and genetic spectrum and in which HPAT infections are likely to have quite different
consequences and epidemiology. At the time of writing it is impossible to make any forecasts or
speculations on the impact of such occurrence on Al ecology and epidemiology.
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Clinical signs

The clinical signs of avian influenza are influenced by the following factors: the strain of virus,
the species and age of host; the immune status of the host against the virus, the presence of
other exacerbating infections, deficiency conditions and environmental factors (such as excess
ammonia and dust). The disease caused by different viruses varies in severity from high mortal-
ity, with sudden deaths preceded by few or no clinical signs, to a very mild form or even inap-
parent infection.

Often the first sign of HPAI in chickens or turkeys is the sudden onset of high flock mortal-
ity, which may approach 100% within a few days. Clinical signs, which may be associated with
high mortality, are cessation of egg laying, respiratory signs, rales, excessive lacrimation, sinusi-
tis, oedema of the head and face, subcutaneous haemorrhage with cyanosis of the skin, particu-
larly of the head and wattles, diarrhoea and occasionally nervous signs. Usually these signs are
most marked in birds that take some time to die.

The less virulent viruses may also cause considerable disease. In uncomplicated infections
these influenza viruses may cause drops in egg production, respiratory disease, anorexia, depres-
sion, sinusitis and low but elevated mortality. When other organisms such as pneumoviruses,
Newcastle disease virus (NDV) or other avian paramyxoviruses, Escherichia coli, Pasteurella sp.
or Mycoplasma are also present and exert an exacerbative effect, or the birds are under stress due
to adverse environmental conditions, mortality may rise to as high as 60-70% of the flock, even
higher in young turkey poults, and clinical signs show a marked increase in severity.

Ducks tend to be refractory, even to the viruses that are highly pathogenic for chickens,
although they may be carriers. In complicated infections, sinusitis, blepharitis, respiratory dis-
tress and increased mortality may be seen. There have been varying reports of the virulence of
the Asian HPAI H5NI1 virus for commercial ducks. It appears that some strains of this virus,
but not others, may cause severe disease and mortality in ducks.

Influenza viruses of both low and high virulence for chickens have produced disease problems
in ostriches. There appears to be a big variation in the seriousness of disease with the age of the
ostriches and it seems likely that they are not fully susceptible to HPAL

Clinical signs may arouse considerable suspicion but are not reliable in diagnosis, for which
demonstration of virus or specific antibody is required.

Lesions

The gross lesions observed generally reflect the clinical signs and are therefore equally varied
and unhelpful in diagnosis. In the most severe cases, birds show various congestive and haemor-
rhagic lesions on the skin, liver, spleen, heart, kidneys and lungs. However, in birds that died
suddenly these are usually absent. Infections with influenza viruses of low virulence are usually
associated with lesions of the respiratory tract, most notably sinusitis, sometimes with mucopu-
rulent to caseous exudates. Gross kidney lesions have also been associated with infections of
chickens with influenza viruses of low virulence. Pancreatitis has been reported in birds infected
with influenza viruses of both high and low virulence.

Detailed histological studies with HPAI virus infections have failed to demonstrate any
pathognomonic lesions and different results, particularly of the organs involved, have been
obtained with viruses of different virulence. In general, highly pathogenic infections result
in oedema, hyperaemia, haemorrhage and degenerative necrotic foci in the visceral organs.
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Myocardial necrosis and myocarditis are often noticeable features of some virulent virus infec-
tions. Some viruses have shown marked central nervous involvement and, with these infections,
widespread perivascular cuffing and necrosis of the neuronal cells are often seen; less frequently,
oedema and haemorrhage in the nervous tissue may be evident.

Virus isolation

Samples taken from dead birds for virus isolation should include faeces or intestinal contents and
trachea. In addition, organs such as lungs, air sacs, intestine, spleen, brain, liver and heart may
be processed separately or as an organ pool. From live birds, oropharyngeal and cloacal swabs
(the latter should show evidence of sampling faeces with as much as 1 g of faeces being optimal)
should be taken. Some small, fragile birds may be harmed by swabbing and fresh faeces from
these should be substituted. The preferred method of virus isolation is by inoculation of embry-
onated fowls eggs and the techniques described for NDV (see Ch. 25) should be followed.

Haemagglutination activity in bacteria-free allantoic fluid may be due to an influenza virus
or any of the avian paramyxoviruses. In view of the widespread use of live Newcastle disease
vaccines it is probably simplest to exclude the isolation of NDV by HI test with specific NDV
antiserum at this stage. The recommended method for the demonstration of the presence of an
influenza A virus is by immunodiffusion, using specific antiserum positive for one or both of
the type antigens, the matrix and the nucleocapsid proteins, and concentrated virus. Virus may
be concentrated by high-speed centrifugation, or precipitation by adding 1M hydrochloric acid
to the infective allantoic fluid until the pH is approximately 4.9, chilling the mixture for 1h at
0°C, followed by light centrifugation to clarify, then discarding the supernatant. The concen-
trated virus is then solubilized by resuspension in 1% sodium lauroyl sarcosinate buffered to pH
9.0 with 0.5 M glycine.

Virus characterization

Further virus characterization involves subtype identification and an estimate of virus patho-
genicity. The methods recommended for the identification of influenza A subtypes by the World
Health Organization Expert Committee involved the use of specific antisera prepared against
the isolated antigen. Such sera are not generally available and this approach is therefore not
practicable for most diagnostic laboratories. An alternative is to use a series of polyclonal anti-
sera prepared against whole viruses. This requires at least two sera with different combinations
for each H and N subtype to avoid interference; more may be necessary for conclusive typing
because of the occurrence of antigenic variation within a subtype. It is usually necessary for non-
specializing laboratories to refer samples to reference centres for full antigenic characterization.

Once an influenza virus is isolated it is also necessary to make some estimation of the viru-
lence for chickens to comply with the OIE definition of notifiable Al.

The OIE definition has both in vivo and molecular tests for virus virulence. HPNAI viruses
give either 75% mortality of eight 4- to 8-week-old susceptible chickens within 10 days follow-
ing intravenous inoculation with 0.2ml of a 1:10 dilution of a bacteria-free, infective allantoic
fluid or viruses that have an intravenous pathogenicity index (IVPI) greater than 1.2. The IVPI
test in chickens involves the intravenous inoculation of virus derived from fresh infective allan-
toic fluid into 10 6-week-old specific pathogen-free chickens. Each bird is examined at 24-h
intervals for 10 days and scored 0 if normal, 1 if sick, 2 if very sick or paralysed and 3 if dead.
Birds that are so sick they are unable to eat or drink should be killed humanely and scored as
dead at the next observation. The index is the mean score per bird per observation over the
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10-day period. The HPAI viruses give IVPI values approaching 3.0, while viruses of low viru-
lence give values of 0.0.
The second part of the definition:

For all H5 and H7 viruses of low pathogenicity in chickens, the amino acid sequence

of the connecting peptide of the haemagglutinin must be determined. If the sequence is

similar to that observed for other highly pathogenic Al isolates, the isolate being tested

will be considered to be highly pathogenic
takes into account the current knowledge of the molecular basis of pathogenicity and that
to date only viruses of H5 and H7 subtype have been shown to cause HPAI in susceptible
species.

For all influenza A viruses the important haemagglutinin glycoprotein is produced as a pre-
cursor, HAO, which requires post-translational cleavage by host proteases before it is functional
and virus particles are infectious. The HAO precursor proteins of avian influenza viruses of low
virulence for poultry have a single arginine at the cleavage site and another at either position —3
or —4 from the cleavage site. These viruses are limited to cleavage by extracellular host proteases
such as trypsin-like enzymes and thus restricted to replication at sites in the host where such
enzymes are found (i.e. the respiratory and intestinal tracts). HPAI viruses possess multiple basic
amino acids (arginine — R and lysine — K) at their HAO cleavage sites, either as a result of appar-
ent insertion or apparent substitution, and appear to be cleavable by an intracellular ubiqui-
tous protease(s), probably one or more proprotein-processing subtilisin-related endoproteases
of which furin is the leading candidate. These viruses are able to replicate throughout the bird,
damaging vital organs and tissues which results in disease and death. Demonstration of mul-
tiple basic amino acids at the cleavage site of HAQ confirms the actual or potential pathogenicity
of the virus. The HAO cleavage sites of some typical LPAI and HPAI viruses are shown in Table
26.1. The Chile 2002 and the Canada 2004 H7N3 HPAI viruses show distinct and unusual
cleavage site amino acid sequences. These viruses appear to have arisen as a result of recombin-
ation with other genes (nucleoprotein gene and matrix gene respectively) resulting in an
insertion at the cleavage site of 11 amino acids for the Chile virus and 7 amino acids for the
Canadian virus.

As with Newcastle disease (see Ch. 25) the definition allows confirmation of the presence of
virulent virus by sequencing, but an in vivo test is required to give a negative result as the pos-
sibility of dual infections or virus cultures containing mixed populations of viruses of high and
low virulence cannot be ruled out.

Molecular techniques in diagnosis

There has been increasing use of reverse-transcription polymerase chain reaction (RT-PCR)
and other similar techniques to detect Al viruses in clinical specimens, the advantage being the
extremely rapid demonstration of the presence of virus. Oropharyngeal swabs are often used as
the specimens of choice because they are easy to process and usually contain little extraneous
organic material that can interfere with RNA recovery and amplification by PCR. However, tis-
sue, organ and faeces samples have been used with some success.

Usually RT-PCR systems have been used initially to amplify a specific portion of the genome
that will recognize all Al viruses, i.e. a conserved part of the matrix or nucleoprotein gene to
identify the presence of Al virus. Further RT-PCR on positive samples have been aimed at detect-
ing H5 and H7 subtypes, often amplifying a portion of the HA gene coding for the HAO cleav-
age site so that the product can be used for assessing virulence. Perhaps the most serious problem
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in the use of RT-PCR in diagnosis is the necessity for postamplification processing because of the
high potential for contamination of the laboratory and cross-contamination of samples. Extreme
precautions and strict regimens for handling samples are necessary to prevent this.

The post 2003 spread of Asian H5N1 has resulted in a huge increase in diagnosis and sur-
veillance for Al in many countries throughout the world, with a desire for obtaining results as
rapidly as possible. Many laboratories have turned to real time RT-PCR (rRT-PCR) techniques
to handle the large number of samples as efficiently as possible; especially as results may be
obtained rapidly sometimes in less than 3h. In addition, rRT-PCR assays are based on fluoro-
genic hydrolysis probes or fluorescent dyes and eliminate the postamplification processing
step that can lead to contamination problems in conventional RT-PCR. The strategy for rRT-
PCR in the diagnosis of Al viruses has been similar to conventional RT-PCR with different sets
of primers and probes used in separate reactions: a matrix or nucleoprotein gene primer/probe
set that is designed to detect most strains of Al, a HA gene primer/probe set that can identify
the presence of H5 subtype and another for H7 subtypes. Samples are first screened with the
matrix/nucleoprotein gene primers/probe, then positive specimens are tested with the H5 and
H?7 primers/probe sets to confirm presence of these subtypes.

Antigen detection

Commercially available kits for the direct detection of virus antigens in samples, which are usu-
ally based on an antigen-capture enzyme immunoassay system, have been used for detecting
the presence of influenza A viruses in poultry. In particular the Directigen® Flu A kit (Becton
Dickinson Microbiology Systems) has been used widely in several countries. It uses a mono-
clonal antibody against the nucleoprotein and should therefore be able to detect any influenza
A virus. Although it was developed to detect virus in mammalian infections, it has been suc-
cessfully applied to poultry and other birds. There may be some variation in the sensitivity for
different specimens; oropharyngeal or tracheal samples provide the best sensitivity. The main
advantage of antigen detection tests are that they can demonstrate the presence of influenza A
virus within 15 minutes. The disadvantages are that they may lack sensitivity, have not been
validated for different species of birds and types of specimens (e.g. cloacal swabs), subtype iden-
tification is not achieved and the kits are expensive. These tests should be used as a flock test, i.e.
taking multiple samples, and not as an individual bird test.

Serology

The diversity of influenza A virus surface antigens imposes severe limitations on the use of conven-
tional serology in the diagnosis of infection. The numerous subtypes and variations within sub-
types mean that the HI test is of value only when the H subtype of the infecting virus is already
known, and is therefore usually limited to monitoring outbreaks. A more practicable approach
to general influenza diagnosis is to use immunodiffusion tests to detect one of the type antigens,
the nucleocapsid and matrix proteins. Immunodiffusion, using a nucleoprotein-rich extract from
infected chorioallantoic membranes, has been usefully employed to monitor poultry flocks at
risk from influenza infections, on a routine basis, with considerable success in detecting infected
flocks. One drawback to the use of this test is that some birds, particularly waterfowl, rarely pro-
duce precipitating antibodies following influenza A infection. A suitably validated enzyme-linked
immunosorbent assay (ELISA) test for detecting antibodies either to specific H subtypes or matrix
or nucleoprotein may be used, although the problem with this is that, unless a competitive test is
used, the test is host-specific, since it is dependent on the detection of host immunoglobulins.
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Control and eradication of Al is unlikely to be achieved by pursuing a single strategy and the
latter goal will only be reached and/or maintained if there are policies and practices in place
that ensure: awareness and knowledge of Al, good biosecurity, rapid diagnosis, surveillance and
prompt, safe depopulation of birds on infected establishments.

Control policies

Control policies adopted at national or international level require legislative enforcement to be
effective and the extent to which these will be forthcoming for avian influenza will be influ-
enced by the perceived threat to the poultry industry, the size of the industry and its import-
ance to the country’s economy. Since the turn of the century this perception has been high and
there have been considerable changes made in international control policies and the Al viruses
that should be the subject of such controls. As indicated in the definition above, the OIE has
extended viruses that fall into the category of notifiable for trade purposes to include viruses
of H5 and H7 subtypes that are not HPAI. Similarly, many countries, including all European
Union members, have extended control legislation to include H5 and H7 virus infections. In
practice, such legislation, which does not necessarily involve stamping out for LPNAI, has made
formal the control strategies for LPNAI virus, often involving stamping out, that had been prac-
tised in countries where outbreaks had occurred in recent years.

In addition to the changes in which viruses should be considered notifiable, the OIE has
also introduced the concept of ‘compartmentalization’ for avian influenza. In general terms
this allows that, if a given country cannot provide sufficient evidence of freedom from NAI, an
enterprise within that country, in collaboration with the official veterinary service, may generate
a compartmentalization programme demonstrating that it is free from infection. In addition, an
enterprise that has one exporting production line (e.g. layers) and other production lines that
are not destined for export may certify only the layer compartment as free, provided that the
management practices comply with those required for a separate compartment within the enter-
prise. This would mean that were NAI identified in, for example, fattening ducks in a country,
it should not necessarily result in international trade restrictions in a different compartment, for
example, chicken meat, provided that the broiler sector can demonstrate that it is free of NAIL

A feature of HPAI outbreaks over the last 10 years has been the occurrence of several out-
breaks in geographical areas with extreme concentrations of poultry farms usually referred to as
‘densely populated poultry areas’ (DPPA). In such areas eradication by conventional stamping
out alone has proved difficult, because of the speed of spread of the disease and in at least three
of these episodes — Hong Kong 1997, the Netherlands 2003 and Canada 2004 — the authori-
ties have resorted to pre-emptive culling of large numbers of birds to bring about control and
eradication.

Management

Considerable success in the control of influenza infections of domestic poultry by prevention
of introduction and secondary spread may be achieved by good management, and biosecu-
rity (encompassing bioexclusion and biocontainment) represents the first and most important
means of prevention. In countries with developing poultry industries, such management should
begin at the planning stage, ensuring that farms are situated away from migratory waterfowl
routes and not developed in the clusters frequently seen in countries with established industries.
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Where possible, birds should be reared in confinement in wild-bird-proofed houses. Surface
water should not be used untreated for drinking water.

Prevention of secondary spread after an initial outbreak will also depend on good biosecu-
rity procedures, especially control of movements of personnel and equipment to and from the
premises. Measures such as: minimizing movements on and off the farm; ensuring that all equip-
ment, especially vehicles, is disinfected before access to the site is permitted; and ensuring that
movements between different farms (e.g. egg collection, carcass collection, food delivery) are
to and from specified collection and delivery points away from the poultry flocks need to be
enforced. Possibly the most important consideration is who has actual contact with the flock.
Access to the birds should be kept to a minimum. If it is unavoidable, then visits by personnel
who may have visited other poultry farms, such as food deliveries, bleeding, thinning or vaccina-
tion crews, inseminators and veterinarians, must be considered the most likely method of intro-
duction of avian influenza and regimens of clothing change, equipment disinfection and other
basic hygiene controls should be enforced before access to the birds is allowed. In areas of high
risk the most stringent methods of biosecurity must be imposed and these should include chang-
ing of clothes and, ideally, showering for staff working with poultry.

When outbreaks do occur, depopulation should be considered even for the less virulent and
non-notifiable virus infections in the absence of any statutory requirement. After depopulation
all poultry and products, including faeces, should be buried or incinerated on site, and restock-
ing should not take place until at least 2 weeks after thorough cleansing and disinfection.

Vaccination

For many years vaccination against HPAI viruses and therefore LPAI of H5 or H7 subtypes was
actively discouraged or banned in some countries because it was considered that it would inter-
fere with the diagnosis of HPAI. Vaccination with autogenous inactivated vaccines was carried
out in a few areas where LPAI viruses of other subtypes were a problem, mainly in turkeys, in
the USA and Italy. However, the marked increase in outbreaks of HPAI since the 1990s and the
spread of HON?2 infections across Asia has led to considerable pressure to use vaccination as part
of control policies, either as an emergency measure or prophylactically for both HPAI and LPAIL

Current Al vaccines when selected properly and administered correctly will protect against
clinical signs and mortality, reduce the levels and duration of virus excretion and increase the
resistance of the host to infection by raising the minimum infectious virus dose needed to infect
the bird. However, Al viruses (especially HPAI) may still infect and replicate in vaccinated birds
without the presentation of clinical signs. Infection with HPAI virus without clinical signs may
lead to delays in notification and diagnosis resulting in spread of infection and could result in
an endemic situation. Additionally, notifiable Al, as defined by OIE, would still be confirmed
in healthy, infected, vaccinated birds.

Even if vaccination is employed the goal should be to eradicate the virus and vaccination alone
should not be considered the solution for the control of NAI or even LPAI subtypes. Without
the application of monitoring systems, strict biosecurity and depopulation in the face of
infection, there is the possibility that these viruses could become endemic in vaccinated poultry
populations. Long-term circulation of the virus in a vaccinated population may result in both
antigenic and genetic changes in the virus.

Inactivated vaccines

Conventionally, Al vaccines have been prepared from infective allantoic fluid inactivated by
B-propiolactone or formalin and emulsified with mineral oil. Some vaccination strategies against
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LPAI viruses have been to produce autogenous vaccines (i.e. prepared from isolates specifically
involved in an epizootic); others have been to use vaccines prepared from LPAI viruses pos-
sessing the same haemagglutinin subtype that yield high concentrations of antigen. LPAI H5
and H7 subtypes are used so that high biosecurity facilities are not required. Inactivated vac-
cines aimed at H5, H7 and H9 subtypes are now commercially available and have been licensed
for use in a number of countries. In China a so-called ‘genetically modified vaccine’ has been
used. This is essentially a conventional inactivated vaccine but the vaccine virus was produced
by reverse genetics using the six internal genes from a human influenza vaccine strain (PR8) and
the H5 and N1 genes from A/goose/ Guangdong/3/96, the progenitor virus of the Asian H5N1
HPAI viruses. Further, the H gene was modified to give a LPAI HAQ cleavage site. The logic of
the PR8 genes is that this results in a virus that grows to high titres in eggs.

Recombinant vaccines

Recombinant vaccines for Al viruses have been produced by inserting the gene coding for the
influenza virus haemagglutinin into a live virus vector and using this recombinant virus to
immunize poultry against Al. These vaccines have certain advantages in that they are live vac-
cines, stimulating both humoral and cellular immunity, can be easily administered and allow
easy distinction between vaccinated and infected birds. But there may be problems if birds have
immunity to the vector vaccine, e.g. Fowlpox virus or infectious laryngotracheitis viruses for
recombinant vaccines available currently, and the vector virus may also have limited host range.

Detection of infection in vaccinated flocks and vaccinated birds

Many countries and international agencies are insisting that any use of vaccination must involve
a strategy that allows ‘differentiation of infected from vaccinated animals’ (DIVA). A DIVA
strategy is necessary because, while in poultry vaccination will protect challenged birds from dis-
ease, increase the amount of virus needed to infect the vaccinated bird and decrease the amount
of virus excreted, vaccinated birds will not show clinical signs if challenged with Al and there-
fore HPAI or LPAI of H5 or H7 subtypes could infect a flock and circulate for some time in
that flock unnoticed. There is therefore a need to be able to identify vaccinated birds that have
subsequently become infected with field virus so that other control measures, e.g. stamping out,
can be implemented.

At the flock level, a simple method is to regularly monitor sentinel birds left unvaccinated in
each vaccinated flock but this approach may have some management problems. As an alterna-
tive, or in addition, testing for field exposure may be performed on the vaccinated birds. Several
systems have been developed in recent years that would allow the detection of field challenge of
vaccinated birds.

One method is to use a vaccine containing a virus of the same haemagglutinin (H) subtype
but a different neuraminidase (N) from the prevailing field virus. Antibodies to the N of the
field virus act as natural markers of infection. This system has been used in Italy following both
emergency and prophylactic vaccination strategies. Problems with this system would arise if a
field virus emerges that has a different N antigen to the existing field virus or if subtypes with
different N antigens are already circulating in the field. The use of vaccines containing only HA,
e.g. recombinant vaccines, allows classical AGID tests or ELISA tests based on nucleoprotein or
matrix protein to be used to detect infection in vaccinated birds. For inactivated vaccines, a test
that detects antibodies to the nonstructural virus protein, which are only produced during nat-
ural infection, has been described but has yet to be validated in the field.
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The development of rapid and sensitive virus-detection methods, especially those that can be
automated, such as rRT-PCR, means that these could be used for simple widespread and regular
testing of vaccinated birds for the presence of field virus.

Early experimental work suggested that Al viruses were unlikely to cause any significant infec-
tions of humans directly. This was reinforced by the lack of reports of Al infections. Up to 1995
there had been only three recorded instances of Al viruses infecting humans: in 1959 virus was
isolated from a patient in the USA suffering from hepatitis, and in 1977 and 1981 laboratory
accidents had resulted in eye infections of laboratory staff presenting as conjunctivitis; interest-
ingly all three of these were due to H7N7 subtype viruses (Table 26.2). However, since 1996
there have been regular reports of natural infections of humans with avian influenza viruses.
Infections with the Asian H5N1 have received the greatest attention because, at the time of
writing, of the 223 people infected since May 1997 123 (55%) have died, but human infec-
tions with other viruses have occurred in a number of countries (Table 26.2). These infections,
of mainly H7 subtype Al viruses, but also HIN2, have usually caused conjunctivitis or mild flu-
like illness but in the Netherlands there was one fatality. Transmission between humans appears
to have occurred only on very rare, exceptional occasions and in nearly all reported cases of
human infections with Al viruses there has been close association with infected birds or infect-
ive carcasses.

. Table 26.2 | Human infections with avian influenza viruses to May 2006

YEAR SUBTYPE HPAI/LPAI* COUNTRY NO. INFECTED SYMPTOMS
1959 H7N7 HPAI USA 1 Hepatitis?
1977 H7N7 HPAI Australia 1" Conjunctivitis
1981 H7N7 LPAI USA 1" Conjunctivitis
1996 H7N7 LPAI England 1 Conjunctivitis
1997- H5N1 HPAI Hong Kong, China, 223 Influenza-like
April 2006 Vietnam, Thailand, iliness, 123
Cambodia, Indonesia, deaths
Azerbaijan, Djibouti,
Egypt, Iraq, Turkey
1998/9 HION2 LPAI Hong Kong/China 2 (+5?) Influenza-like
iliness
2002 H7N2 LPAI USA (VA) 1 None
2003 H7N2 LPAI USA (NYC) 1 Influenza-like
iliness
2003 H7N7 HPAI Netherlands 83 (>10007?) Conjunctivitis,
influenza-like
iliness, 1 death
2004 H7N3 HPAI Canada (BC) 2 Conjunctivitis
2006 H7N3 LPAI UK (England) 1 Conjunctivitis

* Highly pathogenic avian influenza (HPAI), or low pathogenic avian influenza (LPAI).
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However, there is an even more alarming aspect to the human infections with Al viruses,
which relates to the emergence of influenza pandemics. Influenza A infections in humans
have been marked throughout history by serious pandemics every 10-50 years. In the 20th
century the sudden emergence of antigenically different strains in humans, termed antigenic
shift, resulted in pandemics occurring on four occasions, 1918 (HIN1), 1957 (H2N2), 1968
(H3N2) and 1977 (HIN1). By far the worst influenza pandemic for which there are accurate
records was the one beginning in 1918. It has been estimated that during the pandemic more
than 40 million people died. Because the viral RNA of influenza viruses is segmented, genetic
reassortment can occur in mixed infections with different strains of influenza A virus. This
means that, when two viruses infect the same cell, progeny viruses may inherit sets of RNA seg-
ments made up of combinations of segments identical to those of either of the parent viruses.
Both the H2N2 1957 and the H3N2 1968 pandemic viruses differed from the prevailing
viruses in the human population as a result of reassortment with avian influenza viruses. These
reassortments brought about antigenic shift resulting in viruses with both surface glycoprotein
genes from the avian virus for the 1957 virus and the important HA gene from the avian virus
for the 1968 virus, but retained internal protein genes that allowed these viruses to be readily
transmissible in the human population. The current concern is that human infections with the
Asian H5NT1 virus (or any other Al virus) could lead to reassortment, antigenic shift and the
emergence of a pandemic virus if the person was also infected with an influenza virus currently
circulating in the population. The potential of these human infections with Al virus to result
in a pandemic virus emerging has been added to by the determination of the entire genome of
the 1918 pandemic virus and the suggestion that this virus emerged by a complete avian virus
adapting to humans without reassortment.
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