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PREFACE

At the present time no textbook which deale exclusively with the protozoan
diseages of panimals of veterinary importance in North America has been published,

Soveral very useful reference books have been written on the worphology
and life histories of protozoan dlgeases of animels but those which are of
importance to the veterinarian have not deen readily available.

During the past several ysars of teaching protozoology and parasitology the
writers have felt the need of a handbook for veterinary students, practlecing
veterinarians and agriocultural students

The present book ie an attempt to fulfill thise need. The volume gives a
brief description of the protozoan parasites of domestic animale and the diseesss
they cause. It is intended &s & practical treatise with emphasias on morphology,
1life histories, pathology, dilagnosis, treatment and control of the perasitic
protozoa which occur in the domestic animals of North America., It may alao be
helpful and useful to protozoologlete, zoologiste, biologists, parasitologlste
end public health workers

This book 18 an outgrowth of lecture materlal of courses on Veterinary
Protozoology and Veterinary Parasitology which the writers have given during
the pagt few years to students in the College of Agriculture, University of
Wigconain and students in the School of Veterinary Medicine, Michigan State

College,

Since our knowledge of certain protozoan dlseases of our domestic animals
18 culte meeger, ez shown throughout this text, it is hoped that calling atten-
tion to these scientific gaps will etimulate investigatore to pursue research
further in order to obtain the solution to some of these perplexing, but impor-
tant problems.

The writerse have ocollaborated and conferred with each other on all phases of
thie book for the purpose of obtaining adeguate unification of the subject matter.
Both authors assume resgponsibility for all of the chaptera presented

In a book of this kind errors will appear despite every effort to eliminate
them. Conssouently, the writers welcome any helpful auggestions or constructive
criticisms. Calling errors to our attentlon will prevent their appearance in

future editione.

The order followed for the Protozoa is systematic according to phylogenstic
relationships, The arrangement of the hosts has followed more or lese the order
given by Benbrook (List of Parasites of Domesticated Animals in North Americe,
1945, Burgess Publishing Co.) and Dikmana (Check List of the Internal and External
Animal Parasites of Domestic Animals in North America, 1945, Amer. Jour, Vet. Res.

6: 211.2h1)

The writers have leaned heavily on the publicatigne of others in order to
make the work as complete as possidle. Textbooks, reference books and periodjeala
were consulted freely. Omnly the more important American references were olted as
it 19 realized that the undergraduate student doea not have the tims or the im-
olipation to translate foreign langusges.
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Chapter |
GENERAL (NTRODUCT 1OX

Protozoa are one-celled animals which may ocour singly or in colonies. Each proto-
toan 1s & unit capable of performing all of the physiological functions of 1ife which in
the higher anlmale are performed by specialized cells,

As a rule, protozoa are regarded as the loweat or firat phylum of the animal kirg-
dow. The asplence of protozoology includes the study of both free-living and parasitic
protozoa, Veterinary protozoology conoerne those unicellulsr animals whioh are either
symblonts, commensals or parasites of domestic animals. Parasitic protozoa have adapted
themselves to an extreme mode of livlihood at the expense of the host.

These singls-celled animals are all grouped in the Phylum Protozoa which is divided
into two subphyla, the Plasmodroma and the Ciliophora. The subphylum Plasmodroma contains
three classes which include many protozos of veterinary interest, the Mastigophora or
Flagellata, the Sarcodina or Rhizopoda, and the Sporozoa, while the gubphylum C1liophore
or Infusoris contains two classes, the Ciliata and Suctoria,

MASTIGOPHORA: Whip-like appendages or flagella serve as organs of locomotion, Reprodusc-
tion 1s by longitudinal fiseion.

SARCODINA. Peeudopodia provide means for locomotion and procurement of food for these
organiswme which are not protected by a psllicle or cell wall except in the cyst forma,
Reproduction is by fiselon or cyst formation.

SPOROZOA. This entire class is completely parmsitic There ars no definite structures
for looomotion. Reproduction is by achizogeny (epore formation)

CILIATA* Short filaments, called cilia provide the organism with locomotion. The c¢ilia
are present throughout lifs Reproduction is mainly by oonjugation, asexusl reproduction
by binary fission ococurs.

SUCTORIA: Iocomotion 18 provided by cilia which are present only during the early stages
of development. Reproduction 1s either by conjugation or binary fisaion,

The Pfollowing key will help differsntiate the various classes of protozoa:

KEY TO CLASSES OF PROTOZO0A

Trophozoite with fiagellum _ _ _ . Clags Mestigophora

Trophozoite with pseudopodium - . ... -Claas Searcodina

Without organsllee of locomotion: producing sporee, all parasitia... .. _ Claes Sporozos

Cilia present throughout trophic life . _ . _ ___.. . . e i we e Class Ciliate

Adult with tentaoles; cilia only while young ... . .. .. v aw anee .. Clags Buctoria
MORPHOLOGY

A protozoan consists of a single-oell which poasesses & nucleus or muclel which 1s
surrounded by ¢ lasm. The cytoplasm appears to be granular and is divided into an
outer portion, Eo eoﬁghm, and an inner portion, the endoplasm,

-1-
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QENERAL 1NTRODUCTION 3

¥
The eotoplamm 1s assooisted with movement, exoretion, respiration, ingestion of

food and oyst formation Flagella, pseudopodia, or cilia which are the orgmnelles of
looomotion are almply prolongations of the ectoplasm, Food particles may be ingested et
any point in the cytoplasm Depending upon the type of protozoan, there may be a perd-
stome whioh 18 a definite opening for the collection of food, This may lead to a cavity
known a8 & sytogtome or mouth The oytostome may connect with a tube, the oytopharynx
where the food material passes directly imto the endoplasm. The cytoplasm may contaeln
highly epecialized skeletal structures to maintein the shape of certain protozoa.

The endoplasm is vitally concerned with nutrition and reproduction. It contains the
nucleusa, food vacuoles, contractile vacuoles, chromatoidal bodies and other cellular in-
clusions. The contractile vacuoles have the main functione of regulating osmotic prea-
gure, digestion and elimination of waste products. The contractile vacuoles usually ex-
pand and contract at regular intervals These are not to be confused with food vacuoles
whioh contaln various types of ingested materildl,

The nucleus is important for ite role in maintaining and reproducing life. The
nuc lear membrmne separates the nucleus from the cytoplesm. The nucleus is filled with
nuolear fluid and chromatin More then one nucleus may be present In the nucleus 1as
the desp etaining karyosome.

In certain flagellates other complex structures ere known The flagellum usually
terminates internally in a basal granule which sometimee 18 connected by a larger struoc-
ture called a blepharoplast Occasionally the blepharoplast ie further connected by a
fibril known es the rhizoplast. Near the cytostome there is frequently found a structure
called a parabasal body It may vary from a single line to ourved, or spiral-like body

A flexible structure varying from e filement to rod-like form termed an axostyle is
found in some of the flagellstes Cilliates are equipped with a neuromotor &pparatus.
Delicate membranes on the periphery of various protozoa are called the undulating mem-
brans. In certain clliates the cllia mre replaced by ¢irrl A cirrus l1s a number of
fused cilia Other cilia may develop Into tentacles as found in the Suctoria,

PHYS10LOGY

Protozoa may obtain nourishment by lngestion of solid particles or absorption of
liquid food through the cell wall The types of nutrition of parasitic protozoa include
holozoic {capturs of food, ingestion, digestion, asaimilation, and elimination) and
saprozoic (nourishment by diffusion through the body surface)

There is apperently no definite structure associated with the respiration of proto-
zoa. Protozoa may take in oxygen and expel carbon dioxide directly, or by the action of
enzymes The majority of the parasitic protozoa are anaerobic sinoce free oxygen is rearely
found in animal tissuee. There is no doubt that some of the parasitlc protozoa eecrete
or liberate proteclytic enzymes, and toxic materials which mey account for clinical
symptoms

Under certain conditions some protozoa in order to protect themselves to outalde

enviromments form cysts The vegetative form (trophozoits) secretes a resistant wall,
undergoes nuclear division and stores reserve food, Cysts are associated with the trans-

mission of various protozoan disease through contamination of food and water.

Reproduction in the parasitic protozoa mny_bo agexual or gexual, The most common
asexual method is by simple fission. This ie a’division of the body through the center

of the long axis into daughter individuals.

The Sporozoa reproduce by either method. Asexual development is ocalled sohizogony,
in whioh the nuoleus continues to d1vide without immediately forming new ocells. Sexual
reproduction in the Sporozoa ie called sporogony.
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PLATE 111
COCCIDIA LIFE CYCLE (DIABRAMMATIC)

.

(1) Oocyst (2) sporutated oocyst (3) Tiberation of sporozoites (V) sporozoites sntering epithelial
ewlls {5-11) schizogony: formation of schizonts snd merozoites (i2) epor: : formstion of mecrogssete~
oyte {18-16) sporogony: formstlion of microgametocytes (16-17) development :: sagrogametocyte (18) far-
tilizatlon {19) formation of cocyst.



5 VETERINARY PROTORZOGLOCY

Sexual reproductison in protozos other than Spororos wher? SOnjugation takes place,
the sexual union is onlled eybtgewny. ia the union of #0lle of similar eize and
structure, E.lﬁs_om between dissimilar célls. The cells are °alled micro- and wacro-

vhose

aaetogytes unlon produces a rygote.

4
BISTORY OF VETERINARY PROTOZOOLOGY

Veterinary protozoology 1e one of the youngeat of the biplogical solences. Bince
the majority of protoros camnot be cbmerved with the naked ey¢, they were unknown prior
to the development of the mictoscope. Antony ven Leeuwenhoek (1632-1723), the Dutch lens
grinder, has been commonly called the father of protozoology. He made more than 40O
mioroascopes, one with a magnifioation of 270

Goldfuss (1817) first coinsd the term Protozoa. Ehrenbers (1828, 1830, 1838)
gummarized the various genmera of Protoros, Wany of which atill stend as they vere so well
desoribed. Dujardin (1841) published a monograph on protozos and suggested the term
Rhizopode, Various students proposed clsssee for the differentt Protozoa such as Cillata
(Perty, 1852), Flagellata (Cohn, 1853), Mastlgophors (Diesing; 1865), and others.

Work on the free-living forms went on at a mmch faster pac® than on the parasitic
forms. Apparently Leeuwenhoek {1674) according to Dobell was the first to obeerve a
parasitic protozosn., Hes probably eaw what 1s pow kmowvn as Eiperia stiedae from the gall
bladder of a rabbit, Parasitic protozoa were not cbserved after lesuwenbosk's time until
1828 vhen Dufour desoribed aregarines from the inteetinse of r@etles In 1838 Hake re-
discovered the cocysta of Elmeria stiedase. Balantidium coli vae desoribed in 1857 by
Malmsten. Eimer |1B870) made an extensive study of Coccidia ogCWrring 1n difTerent
animals.

Ieuckart (1879) proposed the name Sporozoa laveran (1860) discovered the malarial
parasites in tbe blood of man One of the most important lapd®arks in veterinary proto-
£0010gy was the first demopstration by Smith and Kilborne (18¢3) that erthropods trans-
mitted a protozoan disesse, Texas cattle fever, caused by Babg#ls bigemina, Roes (1898)
first shoved that the female mosquito tranemitted btird malaris- Trypanceomee in horses
vere discovered sbout 1895 Later, teetse fly tranmmission of trypanosomes wers brought
to light. Since 1900 our knowledge of these one-celled anima}® in connection with veter-
inary problems has insreased tremendously.

TYPES OF PROTOZOAN PARASITES

Tue term parnsite may be uged in a broad or restricted msnNer Animal paresitism
may include any sescolation in which one species of animal depends upon another. In a
parrov eense, paragitimm usually means damsge by the parasite 0 the host animel

Syubloals striotly epeaking implies the permanent asscoistion of two different
organisms wvhioh are dependent on each other so that without tpe other they cammot exist.
The wost classioal exawple of symbiosis is that of the protozoan fauna in the intestines
of the termite. Thess protoroa ohange the vood material whiob the termites eat Into a
digestabls form, Without this help the termite would die.

Cosmensalism s an mssocistion whereby the animal parmsit® (comsensal) e benefited
but the host is meither benefited or harwed. An exmmple of this type of assoolation
vould include certain species of protozoa in the yumen of catvle.

The term -m&uz 1s ocoaniomally used in paresitofogy. This denotss an association
whotwby both tEe Dast &nd the paresite derive mutual bemefit rom segh tther,
w

1



BENERAL IWTRODUCT IoN 7

Parasitism 1s the condition when the peraeite benefits and the host is harmsd. The
term parazite should be used to indicate a plant or animal that lives upon or within a
host and maintaine iteelf at the sxpense of the host

The host is the animal which harbore the parasite, The host which harbors the adult
atages of the parasite (parasite in the sexual gtage) 1s kmown as a definitive host
(primary) The host which harbore the larvael Btages of the parasite (parmeite In the
asexual atage) is called the intermediste host (secondery) This may be further divided
into firet, second, or third intermediate host The term reasrvolr host is utilized to
denote & host harboring parmsites which may bs transferred to men or domsstic animals
Aberrant psrasite - a parasite which gains entrance into organs of the host's body whers
1t does not ordinarily live. Pseudoparssites are objects which may be mistaken for
parasites. Infection - eatablishment of a parasite within a host - infeatation - refers
to the presence of axternal parsmeites

HWOST SPECIFICITY

Paresites aa 2 rule show differsnt dagress of host apecificity Cartain parasites
ars found only in one species or related species of hosts Only e few parasites have a
wide range of hoets This abllity to live in certain hoste is a varlable factor which
depends upon the susceptibility of the host and the aggressive power of the parasite
Some parasites of sheep live in cattls, others do not Certain paraeites which live in
the donkey or zebra may not survive in the horse Many wild animale harbor parasites
which may be transferred to relsted domsstic enimals Other parasites such as the
coccldla demonstrats a very strict host specificity, the Eimerim of cattle ere found only
in cattle or closely related spacies

If parssites enter a host accil
forms wander all through the host's’
emount of organ specificity, For
productive tract of cattle Prac
varlous forms of parasites T

it usually dies within & short time. Soms
befors they die  Parasites miso have a certain
le, Tritrichomonas foetus is found only in re-
1ly all organs of the host’e body are subject to

PATHOLOGY. PRODUCED BY PROTOZOAH PARASITES
o
P

The pathological lesions pr@uced by protozoan parasites in the host depends upon
the speciea, the severity of thdaEmfection and the location of the paresits  The differ-
ont parasites vary in thelir beh to produce demege to Lhe hoat In most cases the
parasites cause trouble by thel hrts to obtain food.

Paresites mey affect their Y ® in the following waye:

1. Utilize food and other %ﬁ}iala necessary for the host,

2, Mechanical obstruction b?yﬂ;o accumulation of large numbers of parasites. This
may inolude the blockinguo? the intestinal tract, obstruction of bile ducts, or

plugging of lymphatics ”
3, Loss of blood or lymph fluid from the host,
4. Actual destruction of host tissus

S By ssorstion of toxio produots liberated by the parasites which may be detri-
mental to the host sush as the various hemolysine, histolysins and anticoagulants.

6. Producing nodule formetion and perforation of verioup organs.
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7. Certain parasites may interfere vwith the caloium and phosphorous metabolimm of
the howt.

8. Mechanical breakdown of ocapillaries produoing hemorrhage (cocoldia, malarias).

9. Bome protozoan parasites may bring about a obange in the normal blood pioture
(anemis, lsukooytosis, lymphooytosis, eosinophilia),

10, Practically all of the processes of pathology can be demonstrated by the action
af various parasites on the host. Hosts infected with parasites may &how no
symptoms or only slight dieturbances, show marked aymptoms of parasitism or end
fatally. The epecial pathology of eaoh protoroan parasite will be disoussed in
the followving chapters undsr their appropriate headings.

SPREAD OF PARASITES

8ince animals live under conditions which cannot be compared with that of wan, the
apread of parasitic infections can ccour in many ways. Animale are not adapted to
"modern plumbing facilities” and must void their feces or wurine on pastures or in the
gtables whers they are houeed. Infective stages of parasites may be spread by wind,
water, insectas, sarthworme, mammals and birds

The host beoomes infected in several ways. The majority of protozoan parasites
inkeblt the intestinsl trect, oconsesquently, the infective stages may be present in food
or water. The intermediate hostes may inooulate the host such &8, mosquitoes carrying
the infective stages of malaria. Other protozoan parasites may be spread vensreally such
as, Tritriohomonas foetus which lives in the reproduotive tract of oattle. An unusuel
mods of transmisaion of parasites is the prenatal infection by the mother to the off-

spring.

When proper moistwre and humidity are present, the next important factor in the de-
volopment of certain protozoan parasites i@ temperature, They cannot grow except at
sujtebles temperatures. Temperature also governe the rate at which development takes
place. Cold temperatures usually retard growth, warm temperatures accelerate it.

It is the general opinion that parasitic diseases are more prevalent and cause more
economic lose to livestock in the warm, humid Southern and Southeastern states than any
other large region in the United Statee. Concise information on thie point is lacking.
More invegtigations are needed on the entire subject of weather and its relation to
protozoan infections of lliveastock before conclualons can be drawn

CLASSIFICATION

At the present tims animal parasites are olassified according to the Intermational
Code of Zoological Nomenclature. Esch protozoan parasite has a proper phylum, class,
ordsr, family, genus atd apecies to which it belongs. In many branches of sciencs
further divisions are made by utilizing suborder, superfamily, eubfamily or aubspecies.
All namss are in latin end binomisl for species,

A brief classification of the Protoroa ag far ag Orders, 1s given here to give s
couprehensive view of the Phylum and its range of scope in the animml kingdom. The
gemwra which are of veterinary importance ere marked vith an asteriak (%),
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PROTOZ0A OF VETERINARY IMPORTANCE

PHYLUM PROTOZOA QOLDFUSS, 1817

SUBPEYLUM PLASMODROMA Doflein, 1901
CLASS MASTIGOPHCRA Diesing, 1865
SUBCLASS PEYTOMASTIGINA Doflein
ORDER CERYSCMONADINA Stein (fresh, salt vater)
ORDER CRYPTOMONADINA Stein (fresh water)
ORDER PHYTOMONADENA Blochmamn { fresh, salt water)
ORDER EUGLENOIDINA Blochmann (fresh, salt water)
ORVER CEHLOROMONADINA Klebs (fresh, salt water)
ORDER DINOFLAGELLATA Butschli (merine, fresh water)
SUBCLASE ZOMMASTIGINA Doflein
ORDER RHIZOMASTIGINA Butschli
*Cenus Histomonas Tyzzer
ORDER PROTOMONADINA Blochmann
*Genus Trypanosoma Gruby
Genus Qikomonas Kent
Genus Bodo Ehrenberg
Genue Monas Muller
ORDFR POLYMASTIGINA Blochmemn
Genus Enteromonas Fonsece
Genue Chilomastix Alexeieff
Genua Callimestix Weissenberg
*Genus Hexamlta Dujardin
#Genus (Glardis Kunstler
ORDER TRICHMONADIDA Kirby
#Genus Tyichomonas Donne
*Genus Tritrichomonas Kofolid
*Genus Pentatrichomonas Mesnil

Genus Monoocercomonas Grassi
ORDER HYPERMASTIGINA Grasei (parssitic in arthropods)
CLASS SARCODINA Butschli, 1880
SUBCLASS REIZOPODA Siebold
ORDER PROTECMYXA Lankester {fresh water, slgee)
ORDER AMOEBINA Ehrenberg
Genue Vahlkempfia Chatton and Lalung-Bonnaire
*Gonus Endamoeba Leldy
#Genus Endolimax Kuenen and Swellengrebel
#Genus Iodemoeba Dobell y
CRDER TESTACEA Sohultze (freeh, ealt water)
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ORDER FORAMINIFERA 4'Orbigny (merine)
SUBCLASS ACTINOPODA Calkine
ORDER HELIOZOA Haeckel (fresh, salt water)
ORDER RADIOLARIA Muller (marine)
CLABS SPOROZOA Leuckart, 1879
SUBCLASS TELOSPCRIDIA Schaudinn
ORDER GREGARINIDA Lankester (parasitic in arthropods end annelids)
ORDER COCCIDIA Leuckart
*Genus Eimeria Schneider
*Genus Isospora Schneider
ORDER HAEMOSPQRIDIA Danilewsky
Genus Plagmodium Marchiafava and Celli
*Genus Haemoproteus Kruse
*Genus leucocytozoon Danilewsky
*Genus Babesie Starcovici
#Genus Theileris Bettencourt, Franca and Borges
*Genus Toxoplasma Nicolle and Manceaux
SUBCLASS ACKIDOSPCRIDIA Cepede
ORDER SARCOSPORDIA Balbiani
*Genus Sarcocystils Lankester

ORDER HAPLOSPORIDIA Caullery and Mesnil (parasites of invertebrates and lower
vortebrates)

SUBCLASS CNIDOSPORIDIA Doflein
ORDER MYXOSPORIDIA Butechli (paresitees of fishes)
ORDER ACTINOMYXIDIA Stolc (parasites of annelids)
ORDER MICROSPORIDIA Balbiani (parasites of arthropods and fishes)
ORDER HELICOSPORIDIA Kudo (parasitea of arthropods)
SUBPHEYLIM CILIOPHORA Doflein, 1901
CLASS CILIATA Perty, 1852
SUBCLASS PROTOCILIATA Metcalf (parasites of frogs, reptiles, fish)
SUBCLASS EUCILIATA Metcalf
#0RDER HOLOTRICHA Stein
Genus Butschlia Schuberg (stomach of cattle)
Genus Blepharoprosthium Bundle (colon of horee)
Genus Didesmis FMorentini (colon of horae)
Genus Blepharocsphaers Bundle (colon of horse)
Gemus Blepharoconus Gassoveky (colon of horse)
Gemns Bundlels Cunba and Muniz (colon of horse)
Genms Polymorphs Dogiel (colon of horse)
:Genns Holophryoldeg Gassovaky (colon of horse)

o Blephar n G vaky ( of horse)
Genus Prorodgnopsis Gassovsky (colon of horse)
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Gema Paralsotrichopsis Ossscvaly (cecum of horse)

Genua Sulooarcus Hsiung (feces of mule)

Genua Alloiozone Baiung (colon of horse)

Genua Ampullacule Hsiung (colon of horse)

Genus Paraisotricha Florentini (colon of horse)

Gemus Ieotricha Stein (stomach of cattle, sheep)

Genus Dagytricha Schuberg (stomach of cattle)

Genue Charon Jemeson (colon of horse, stomach of cattle)
Genus Blepharocorys Bundle (colon of horse, stomach of cattle)

*ORIER SPIROTRICHA Butechli

#Genus Balentidium Claparede and Lachmann

Genua Eptodinium Stein (cattle, sheep)

Genue Eodinium Kofold and MacLennan (cattle, sheep)

Genus Diplodinium Schuberg (cattle)

Genue Eremoplastron Kofold and MacLennan (cattle, sheep)
Germa Eudiplodinium Doglel (cattle)

Gemus Diploplastron Kofold and MacLennan (cattle, sheep, goat)
Genua Metadinium Awerinzew and Mutafowa (cattle, sheep, @oat)
Genus Polyplastron Doglel (cattle, sheep)

Genus Elytroplastron Kofoid and Maclennan (cattle)

Genus Ostraccdinium Dogisl (cattls, sheep)

Genus Buxtonslla Jameson (cecum of cattle)

Genus Enoploplastron Kofold and MacLennan (cattle)
Genus Epidinium Crawley (cattle, aheep)

Genus Cycloposthium Bundle {colon of horse)

Germs Spirodinium Fiorentini (colon of horse)
Gerus Triedinium Fiorentini (colon of horae)

Genus Tetratoxum Gassovsky {colon of horse)

Germus Trypalmaris Gassoveky (colon of horse)

Genus Cochliatoxum Gassoveky (colon of horse)

Genus Ditoxum Gassoveky (oolon of horae)
ORDER CHONOTRICEA (attached to crustaceans)
CRDER PERITRICHA (free 1iving, attached to plants, aquatic animals)
CLASS SUCTORIA Claparede and Lachmenn, 1858
Genus Allantosoma Gassovsky (colon of horas)
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Chapter 11 4
PROTOZOA OF THE HORSE

CLASS. MASTIGOPHORA

ORDER: PROTOMONAD INA
Famlly Monadidae

Oikomonas sgui Heiung, 1930

Hefung (1930) reported ths occurrsnce of & small flegellate with a single flagellum
in the cecum of 8 horses in Jowa, The organism is small being 3 5 to 7 microns in length
and 3 to 5 5 microns wide, The flagellum 1s about 20 microns iong They are colorless
end the cytoplasm is filled with minute dark staining granuiss. A single spherical
nucleus with a largs central karyosome 1s loceted et the amnterior snd This flagellate
is probably a harmlsss comsnsal and 18 not known to produce any disease in horeses
TREATMENT  Unnecessary

Famlly Trypanosomidas

Trypancsoma squiperdum Doflsin, 1901

SYNONYMS T. rougeti laveran and Mesnil, 1901, Trypsnozoon squiperdum (Luke, 1906),
Castellanello squipsrdum (Chalmers, 1918)
DISEASE =1 dourine, maladis du colit, covering dlssase, squine ayphilis, genital

glendsrs, bresding paralysls, chancrous spizootic, eplzootlc paraplegis It 1s known as
dourine ln the United States

HiSTORY. Dourine was first diagnosed in the United States by Williams in 1886 in Illi-
nols The actual dlagnosis was tased on clinical symptoms The infection was traced to
a atallion imported from France The disesase was eradicated from the state in 1888 by
gquick, rigild control measures However, some animals hed been shipped to other parts of
the United States In 1892 the disease was reported in Nebraska, The Bureau of Animal
Industry put on control measures and dourine was apparently stamped out Dourine was
dlagnosed in 1899 and 1901 in South Dakote and in Jowa about 1911 After the development
of the complement-fixation test for dlagnosis, several cases were diagnosed in Montana
(1912), North Dekota, South Dakota, Arizona, New Mexico, Wyoming and Nebraska Since
1912 dourine hae besn eradicated from Nebraska, North Dekots, South Dekote, Wyowing,
Montana, Iowa end New Mexlco It is now limited to & swall reange in Nevada, Orsgon end
Arizona on certain Indlen reservations, The conditlon ls being closely controlled by the
Bureau of Animal Industry According to the 1546 report of the Chief of ths Bursau of
Animal Industry the only center of infection 1s in Arizona on the Papago Indian Reserva-

tion.

MORPHOLOGY T equiperdum is & monomorphlc trypanosoms which always possesses a single
flagellum It ranges in eize from 25 to 28 microns and from 1 to 2 microns in width

TRANSMISSION  Dourine is chiefly a disease of breeding animals. The organisms can be
transmitted under Mboratory conditions to dogs, rabbite, rats, mice, monkeys, shesp,
goats und other susceptible animals by inoculation with large amounts of infective bloogd.
Machanicel transmission has been demonstrated by means of the stable fly and horse fly

SYMPTOMS: The aymptoms very e great deal with individual animals, no two animels having
all of the known manifestatione The disease effacts mainly the sexual organs, but in
the later stages showe disturbances of the nervous system,

-15-
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PROTOZOA OF THE NORSE T

The inocubation period renges from 8 days to about 2 montha. In the stallion
irritation end awslling sppesr on the penis. This may extend throughout the reproductive
organs, groin, and enlargement of the regional lymph glands. A few deys later blisters
on the penls ocour which rupture and discharge a yellow fluid, These arsas become
uloerated and raw., The ulocers heal rapidly lsaving permenent vhite scar tlaesue, Rarsly
the wrethra 15 inflamsd or the testicles involved,

In tbe mare, dourine first appears in the genital traoct with ewelling and inflam-
mation. A yellowlah discharge may occur. Vesioles appsar whioh rupture and ulcerate.
Soar tissue forms very rapidly

Degeneration of the nervous system may not occur for montha or years Any apparsnt
recovery 18 Not permansnt. Ocomelonally, & mare may abort although many enlmals are
fonled by infeoted mwares The nervous symptoms include steggering, sweying end littls
oontrol over the hind legs. The animal may become smaciated and geunt Paralysis of the
hind quarters eventually sets in, Sometimes peralysis of the forelega, face, ear,
nostril or lip may be noticed Characteristic swellings or plagues may apread over the
back and belly, These areas ars round, flat and about 1 to 2 inches in diameter which
contain a blood-llke fluid, The temperature remains normal., After parslysis of the hind
quarters occur, the animel goes down and diee from nervous exbaustion

D1ABNOSIS Since this 1a the only trypancaoms disesse of importance in domestic animale
in the United States the complement-fixation test 1s of great value as a diagnostic aid,
This test 18 pensitive enough to diagnose accurately the latent casese of dourine, Comple-
went-fixation teste on dourins will be run on the sera of suspeucted horases by the Bursau
of Animal Industry.

TREATHENT At the present time there ie no known specific therapeutic treatment for
dourine, Research on immunization has besn negative

CONTROL  Recovery from an infection of T seguiperdum is uncertain. The mortality rate
rangee frow 50 to 70 per cent Since the dlseass occurs in restricted areas in the
United States, the best procedure is eradication, The most effective way is the prompt
destruction of all infected animale

The Bureau of Animal Industry (Pathological Division) maintaine a diagnostic labore-
tory in Washington, D C for conducting the complement-fixation test for dourine, The
Bureau also cooperates with veterinarians and liveetock sanitary authorities for field
work wherever the parasite aexlsts. The animals are held in strict quarantine and the
poeitive animals are destroyed. On Indien reservations, the entire sxpense is paid by
the federal government

ORDER. POLYMASTIGINA
Family: Callimastigidse

Callimastix sgui Heiung, 1929
Thig ia a small kidney-shaped flagellate which inhabits the cecum and colon of the
horse. Hsiung (1930) found this paraaite in nins out of 46 horses examined. It 1e
approximately 12 to 18 microns long and 7 to 10 miorons wide. At the hilus 12 to 15
flagella which are 25 to 30 microne long originate. The organism is nonpathogenic.

TREATMENT: Unnecegsary.
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0ikimonas equi

Trypanosoma equiperdum

Callimastix equj Tritrichomonas equi Endamoeba gedoslsti
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PSR ANSHSOMRIEL

Tritrichomonas equi (Fantham, 1921)

Thie peresite was observed by Hsiung (1930) from the colon, cecum and feces of
eeveral horses ln Iowa This trichomonad possegses three anterior flegella, an undulating
membrane and a slender axostyle. The orgenism is quite emall with a length of 4 to 6.5
miorons and 3 to 5 miorons wide, It has no pathological significance.

TREATMENT: Unnecessary.

CLASS SARCODINA

ORDER: AMOEBINA
Femily: Endamoebldae

Endamosba gedoslsti (Gedoelst, 1911)

Only one aspeciss of amoebe has been reported from ths horse in the United States.
It ie apparently nonpathogenic and inhabite the cecum and colon The orgenism is known
only in the trophozoite form which ranges in size from 6.5 to 12.5 microns long by 6 to
11 microns wide, Nourishment 1s obtained from the Intestinel contents by ingesting
bacteria. The nucleus 1s similar to that of E coli found in man, The karyosoms is
eccentric in position The only report of this parasite from horses in North Amsrica was
mwade dby Haiung (1930).

TREATMENT: Unnecessary

CLASS. SPOROZOA

No coccidla have been reported from North American horses.

CLASS: CILIATA

Approximately 50 speciea of ciliated intestinal protozoa, comprieing over 25 gensra
are commonly found in the cecum and colon of equines. From the evidence at hand, these
oiliatee are apparently nonpathogenic and probably do not produce any manifestatione of
digease, Hsiung (1930) believes they are harmlees commensals and ere in no way a aignif-
ioant help to the horse, Perhaps some of these protozoa may hslp break down indigestible
food material into & readily assimilated form, Praotioally every horse harbors some
species of intestinal ciliates. The method of transmisslon frow horse to horee ia mot
yot fully understood. It 1s assumed that horses pick up the organisms by swallowing them
in their food and water. Becker and Hsiung (1929) attempted to infect the rumen of a
goat with the infusoria from the colic contents and fecal waterial from horses with
negative resulte. This indicated that the infusoria of the horss is specific and Hilﬁ'q
not live or survive in the stomach of ruminants. Ths excellent monographio work of ; 4
Heiung {1930) give the following epecies of ciliates ocourring in the cecum, colon il
faces of North Amerioan horesese,
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TREATHENT:

2.
23.
2b,
25.
26.
27.
28,
29,
30,
31.
;z.
35.
7.

- )

ORDER: HOLOTRICHA
Family: Butschliidae

4 ovalia Florsutini, 1890,
Hagfa Florentini, 1850. ‘
Blepheroprosthium pireum Bundle, 1895.
Blepharosshaore Tatestinalis Buadls, 1930.
B. s ani 8 Haiung, 193%0.

Blsp! gonus cervioalis Hsiung, 19530,
3. benprooki Heiung, 1930,

h{ﬂh}& postciliata (Bundle, 1895).
Allolozona trizona Bsilung, 1930.

Rolymerphe empulis Doglel, 1929.

Family: Paralaeotrichidae

Paraigotricha colpoidss Fiorentini, 1890.
F. beckeri Hstung, 19%0.
P. minuta Balung, 1930,

Family: Blspharocoridas

Blepharocorys uncinate (Florentini, 1890).
B. balpate (Florentini, 1850)

B. Jubata Bundle, 1895.

B. corvigula Gassoveky, 1919.

3. angusta Gagsovsky, 1919.

. cardio-nusleata Hsiung, 1930,

Charon equi Hslung, 1930

ORDER: SPIROTRICHA
Family: Cycloposthiidee

sthium bipalmatum (Florentini, 1890).
[ Perum Eﬁmﬂh, 1919, ’

n

€, sdemtatum Strelkow, 1928,
C. scutigerum Strelkow, 1928.
C. affinal 8trelkow, 1928.
€. corrugatum Helung, 1930.

Sedxodinium Forentini, 1890.

Trisdinium ceudatum Fiorentini, 1890.

. galsa Gapsoveky, 1919.

. minimum Guesoveky, 1919.

Totratoxum unifasoiculatum (Fiorenmtini, 18590).

—————

T. excevetum Hslung, 1930.

7. parvim Hatung, 19%0.

Iripelmaris dogipll Quesoveky, 1919.
Goohlistaxun btum Gasmoveky, 1919.

Ditoxus funipucieus Uassovkay, 1919.
Unnecessary,

3193
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CLASS: SUCTORIA
Family: Acinetidae

Only three species of Suctoria have bsen recorded from the cecum amd colon of North
American horses, all by Hsiung, (1930). They are probaebly harmless commensals ant are
not known to produce any digestive disturbances. The thres spescies are as follows:

1. Allantosoma intestinalis Gasaoveky, 1919.

2. A. dicornigsr Haiung, 1928.

3. K. brevicorniger Hsiung, 1928.

TREATMENT: Unnecesaary.

ORGAN|SMS OF UNCERTAIN ZOOLOGICAL CLASSIFICATION

Sarcocystis bertrami Doflein, 1301

Under the present zoological classification the order Sarcosporidia contains only
one genus, Sarcooystis Many species are found widely distributed among the vertebrates.
Bince the excellent work by Spindler et al (1945, 1946, 1947) on the form found in awine,
the clasaification 1s uncertain as evidence now shows that this parasite may be e fungus,

The parasite invades the striated muscles, particularly thoee of the skeletal body
of the horse. They form long tubular sacs of spores (Mieacher's tubes), The mature tube
has two layers and an interior net of trabeculme The spores are banana or sickls-shaped
and are about 10 to 15 microns long When liberated these spores are quite motile,

For more detalls on the 1life cycle of Sarcocystis see Chapter ¥V concerning the
protozoe of ewine Spindler et al {1945, 1948, 1947) working with this form gives in
detail the life ¢ycle and latest research on i1ts classification., Since the form from
ewine 1s the only one studied, the specles recorded from the horse must awalt confirme-
tion by experimental studies.

This parasite apparently causes no serious damege to the horse. It produces a true
toxin, sarcocystin, which In small amounts lg fatal to rabbits. The tiseuss surrounding
the tubes show some fidbrosis and leucocytic infiltration. The infection has been seldom
reported from horses, Dikmans (1945) 1ists it only from Ohio, Wilson and McDonald (1936)
reported it from Virginia

TREATMENT  Unnecemeary
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Chapter 111
PROTOZOA OF CATTLE

CLASS: MASTIGOPHORA
ORDER: Ple&llgIAghl

Family: Trypeanosomatidae

Irypanogome theileri Laveran, 1902

SYNONYN: T, americanum, Crawley, 1901, T, rutherfordi, Hadwen, 1912,

Thie trypanosome is a large flegellate measuring 60 to 70 microns in length and k4 to
5 microns in width. It 1s further oharacterized by well-developed myonsmss, The organ-
iem does not became numerous in the dlood of adult cattle and are apparently nonpathogenic
Biting flies may act as vectors, The organism cen be transmitted from infeoted adult
cattle to calves by large inoculations of trypancsome positive blood. Thie trypanosome
bas been reported from Loulsiana, Texas and Maryland, The organisms can often be demon-
strated culturally by mixing one part of asepticelly collected dlood with two parts of
veal infusion broth. The tube 1s incubated about a week at room temperature, White
dolonies appear vwhich contain trypanosomes

TREATMERT: Unnecessary.

ORDER: PROTOMONADINA
Family: Monadidae
Monag commmis (Lisbetanz, 1910)

Becker and Talbott (1927) reported this organiasm from the rumen of a few cows in
Iowa., It 18 spherical and about 4 microns in diamster. A primary flagellum arisee from
a basal granule, During locomotion this flagellum ie directed backwards, The eecondary
flagellum 1s much shorter., It is nonpathogenic.

TREATHMENT: Unneceasary.

ORDER: POLYMASTIGINA
Family: Callimastigidae

Callimastix frontalis Braune, 1913
This organism has also been reported by Becker and Talbott (1927) from the rumsn of
oowe in Iowa, It has a clear disc shaped area In the anterior end, on the margin of
which are 12 basal granules that give rise to 12 flagella. They are about 30 miorons
long, The body of the flagellate is from 12 to 14 microns in dlamster. The 12 flagella
appear to move aa a single unit, It is apparently nonpathogenic,

TREATMENT: Unnecessary,

-25-
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Pamily: EHexamitidae
Glaxdia bovis Fantham, 1921
Very little is known concerning the pathogenicity of Glardia in cattle, Becker and
Trys (1927) found this aspecies in the feces of Iowa cattle, The organism is 12 to 14
microns long and 9 to 10 microns wide,

TREATHENT: Unnecesaary,

ORDER: TRICHOMONAD | DA
Family: Monocercomonadidas

Mongoercomonas ruminantium (Breune, 1913)

SYsouyM: Eutrichomastix ruminantium,

This flagsllate has been observed by Becker and Talbott (1927) from sheep. Morgan
and Noland (1943) and Morgan (1944) recorded a similar organism from the sheath of bulle.
Tho organiem is about 8 to 10 by 12 to 14 microns, There are 3 anterior flagella and one
trailing flagellum,

TREATMENT: Unnecesaary.
Family: Trichomonadidae
Tritrichomonas ruminantiuwm (Braune, 1913)

This organiam has been observed in North American cattle by several workers, Becker
and Frye (1927) and Becker and Talbott (1927) recorded this flagellate from Iowa cattle
as 414 Morgan and Noland (1943)., It 1s 8 to 10 microns long, with 3 anterior flagella
elightly longer than the body, An axostyle is present. The undulating membrane 1s very
shallow. A survey was mpde to determine ths prevalence of intestinal trichomonads in
cattle was reported by the Chief of the Bureau of Animel Industry (1938) OFf 17 cattle
oxanined all were found to harbor thie organism, Trichomonade were also isolated from
the rumen, reticulum, cecum and colon of & bull that was slaughtered, According to
Diwmans (1942) T. ruminantium has been found in association with cases of diarrhea in
cattle, but, so far as kmown, does not bsar any relationship to thie condition

TREATHENT: Unnsceseary

Tritrichomones foetus (Riedmmller, 1928)

SYNONYNS: Trichomonas bovis Riedmuller, 1930, T. genitalis Witte, 1933, T. vaginalis
bovis Feiling, 1935, T P

DISEASE: Bovine trichamoniasis, bovine genital trichomoniastis,

Tritrichomonay has been shown by numercus Investigators to produce reproduc-
tive distwbdances in cattle, The organism which 1s now known as T, foetus was first ob-
served by Kmustler (1888) in Prance. Mazzanti (1900) has been given oredit for discover-
ing T. Poetus in Italy although Kunstler's work antedates that of Mazzanti®by 12 years.
These two reports went'unrecognized wntil about 192% because of Bang's discovery in 1897
of the organimm causing comtaglious abortion (Bang's disease),
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Drescher (1925) reported that in 1924 Hopfangartner had found trichomonads in the
ebommsum of en aborted fetus. Risdmuller (1928) reported his claesical work on T, foetus
which stimniated active research on this subjeot.

The geographical distribution of the diseass is Trobably world-wide, or, at least,
in any part of the world where cattle are looated. Trichomoniasis has been reported
throughout the United States.

HORPHOLOGY: The organismm ranges from 10 to 25 miorons in length and 3 to 15 microns in
width, It is pear-shaped with 3 anterior flagella and an uwndulating membrene, An axo-
atyle is preesent,

SYMPTOMS AND LESIONS: Ap & rule trichomoniasis may produce esveral clinical manifesta-
tions. Symptoms may vary fram little or elight disturbance of the genitel tract to those
of severe trichomonimsis. All of the factora involved in the various consequences of the
disease are not known,

The invasion of T. foetus into the uterus may produce & low grade vaginitie and en-
dometritis accompanied by uterine, cervical, or vaginal catarrh, Repeated breedings,
purulent discharges and delayer conceptions are characteristics of thias type of trichomo-
niapis,

Conception may occur, but due to the preveiling uterine infection abortion may follow,
The abortions may take place any time during the gestation period but usually ocour de-
tween 1 to 16 weeks after the last breeding. Early abortion 1s one of the definite char-
acteriatics of trichomoniasis, Iate abortione are comparatively rars, evidenced by only
6 reports in the literature of abortions occurring after 6 months geatation

Abortions may be of two types, One type ls characterized by the destruction of the
Placental attachments resulting in the removal of the fetus with the fetal manbranes in-
tact, As a rule, cows phowing this type of abortion recover and will conoceive later on,
In the second type of abortion the fetal membranes are retained in the uterus, which
usually results in a chronic catarrhal or purulent endometritis, Animals with this type
of trichomoniassis are usually permanently esterile because of the deatruction of the uter-
ins mucosa.

Under certain conditions which are unknown, there may be an early death of the fetus
in uterp with retention of the corpus luteum a.nd the cervical meal of pregnancy. The
Petus 18 not expelied but becomes macerated while uterine secretione continus to acoumu-
late, The presence of the cervical seal prevents the escape of exudate although there
may be a slow escape of the uterine fluid when the animal is recumbent or when there is
too much pressure created by the accumiation of fluid, There is usually a lack of heat
during pyometra,

The fluid is thin, greylsh white, with a few clumpe of leucocytea and almost cdorless,
The reaction 1s usually alkaline. The fluid may contaln millions of trichomonads although
in long standing cases the organiems may die.

&
Under certain conditions a normal geetation and calving may result in spite of the
infection, Thi# 1s a rers occurrence; however, trichomonads have been isolated through-
out the gestation period though the cases resultéd in normal parturition,

It has been definitely demonstrated by numerous workers that T. foetus 1s trans-
mitted in nature by coltus from the bull to the cow or yioe versa. Bovine ovine trichomoniasis
18 & trus venereal dipease of cattle, The disease can alsc bs nvaeui by artificial in-
sexination by using mqa from infected bulls,

Praotically all investigmtors have agreed that the primary site of T, foetus is the
bovine uterus. The originel slte ia the vagina when the organiasm is tmmhy the
bull, The trichommalls may invade the uterus through the ocerviz or remsin in the vagina,
Under different coiitions, some known, many unknown, various msnifestations take place
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in the uterus, In the oase of & pregnancy which i terminated by an abortion, trichomo-
neds may be found in the amniotic and allantoic flulda.

Fetal membranes and fetuses mey aleo be invaded by trichomonade. They have been
demonstrated in the various organe and fluida of aborted fetuses, The most oommon loca-
tion in aborted fetuses 1s the stomach or abomssum.

The work of Hammond and Bartlett {1943) and Morgan (1946) has ehown that the prepu-
tial cavity is the most common and preferential site for I. fostus in ths bull. Oocca-
sionally, the organisms may invade the upper reproductive tract euch as the epididymis,
seminal vesiclea and testicles Bulls am a rule when they contract the disease are per-
manently infeoted,

DIABNOS1S: A poeitive diagnosis of bovine trichomonimsis depends upon the desmonstration
of living, motile T foetue in the genital exudate of infected animmls or in the tiseues or
fluide from infeoted fetuses If there is a heavy infection, the organiams can usually

be sesn in direct microscopic examinatlon of this material, If the results are negative
it 18 necessary to prepare cultures 2nd examine for trichomonads after a brief period of
inoubation, Both methods reguire the use of & microscops and identification of the causa-
tive protozoan.

Materials for diagnosis which oan be collected and examined include washings from
the vagina and uterus, aborted fetuses, samples of fetal stomech fluid, fetal oral fluid,
fetal membransa, uterine pus, pleces of placenta, amniotic and allantolc fluid, waehings
from the sheath, seminal fluld and semen,

Recently Hammond and Bartlett (1943) reported that the diagnosis of bovine trichomo-
niasis could be improved 1f microscopic examination of the sample is mede after 1 to 3
hours of sedimentation. They further reported (1945) that a higher percuntage of posi-
tive samples were taken from the vagina between the 19th and 20th day after exposure and
that the trichomonads were most numerous on the 1hth to 18th day, Samples should be
collected from cows during this time

In collecting samplee from the bull a pipette or cotton swad is inserted into the
prepuce. The animal should be secured in a etall and restrained by an assistant using a
sideline to reduce exertion to a minimum A glass epeoulum l& ingsrted in the preputial
cavity and the swadb introduced and moved in a clrcular motion. The posterlor portion of
the penis and prepuce should be well swabbed Care must be taken not to contaminate the
sample with Pfecal material Fecal material contains several species of coprozolc pro-
tozoa which may confuse the diagnosis by error of identiflcation of these organiams.

The identification of T. foetus is not a simple matter. The emmination of diagnos-
tic material has ylelded a wide variety of protozoa which mey be erroneously identified
as T, foetus, Soms of the organiems include T. ruminantium, Monocercomonag ruminantimm
Bodo fostus, B, glissans, Spiromonas engusta, Cercomonas crassicauda, Polytoms uvells,
Nonas obligua and lambus pusillus.

GENERAL REMARKS: The camplement-fimtion test for the dlagnosis of trichomoniasis has not
been satisfactory for routine prectice bscause of non-specific reactions, Kerr and
Robertacn (1941) have utilized the mgglutination test with some degree of sucoess, Posi-
tive tests indicates a herd infection, Kerr (1943) claimed that the egglutination test
give an over-all result of 60 per cent. About 80 per cent may be found in the clinical
oasea such as endcmetritis and pyomstra, Morgan (1943) could not use this test on a
practical basis. Critical tests on over 72 infected cows and bulls demonstreted that the
test was no better than the routine microascoplc examinations,

Kexrr (1944) reported on an intredermal test for the diagnoais of trichomoniasis, An
oxtract of T, footus ocalled "tricin" was injected into the akin of bovines. A reading
was usvally mede vithin 30 to 60 minutes. The reaction appsared in 10 minutes, reached
1ta Deak within 30 minutes and disappearad in about 6 hours,, A ahallow plaqus was the
characterietic action, more obvious to the eye than by measuremant. Kerr tested 592 cows



50 FETERTASRY PROTOROOLOGY

b

passing through an abattoir and obtained 50 poeitive skin reactore. Trichomonads were
recovered from li on direct emmmination, Thirteen bulls were poaitive and 8 were found
to harbor trichomoneds. In another group of 65 bdulls tested, 21 or 23 per cent were posi-
tive for the skin test. Triocbomonads were found in only 3 animals by direot amears,

Cows with an aotive infection auch as & pyometra, dld not respend to the test,

Sveo (194k) isolated a polysaccharide from T, foetus by the Fuller formamide method.
This extrect gave no spscific precipitation reaotion with the ssre of normal cattle or
with oattle injected with living or formalinized T, foetus. Four other frections ileolated
from T. fostus also gave poor results, Morgan (191+6 and unpublished data) injected these
fraotiona intracutanscusly into noml and trichomonad poeitive cows and bulls with nega-
tive resulte,

4

Kerr and Robertscn (1945) reported on the appsarande of serological varieties among
atrains of T. foetus. Until 19LL all streins of T, foetus sxamined by Eerr had shown
similar uerological reactions. However, two atmins have proved to be aberrant as re-
gards to agglutinability, Variation 1n strains was suggested earlier by Morgan.

At the present tims practical methods have not been devised to utilize our knowledge
of immmity in cows recovering from trichomoniasis, The mechanisms involved with tricho-
monad immmity are not vell understood, Hammond and Bartlett (1945) observed a trichomo-
nad being phagooytized by a leucocyte. The fluctuation in the number of trichomonads in
the vagina may In part be ascribed to this defensive leucocytic action,

TREATMENT ARD COMTROL. Tt has bean established experimentally and in the field that T.
foetus infectlion 1s self-curing in most females but the bull remains permanently infected.

At the present time there 1s no recognized, proven specific therapeutic treatmsnt
for trichomoniamsis in either cowe or bulls. Cowe that have aborted early during the
gontation period should be given sexual rest for at least three monthe, If the abortion
is complete or 2 lov grade vaginal or uterine infection present cows sometimes recover
spantanpously.

The spread of trichomonss can be prevented by alaughtering infected bulls, giving
breeding rest to infected cowe and using artificial insamination with a clean dbull.

Encouraging results on the experimental treatment of trichomoniasis in bulls has
been reported by Bartlett (1946),

Bight dulls infacted with T. foetus, two of which were reinfeoted (total of 10 in-
fectians) recelived treatment wvith potassium iodide orally nnd/oz- sodium iodide, by intra-
wenous injectione, B8ix infections were oured and four were not kper:lmenta.l i{odide
treatments show oonsiderable promise as chemothsrepeutic agents against T. foetus infeo-
tion in bulls,

CLASS:  SARCOD IMA
ORDER. ANOEBiNA

Family: Amosbidae

Vahlkampfia lobospincsa (Cralg, 1912)

Only two spacies of amosba have been reported from the rumen of North American cat-
tle, They are apparently nonpathogenic. ¥, lodospinogd, a fres-living amoeba, was found
by Becker and Twlbott {10R7) in the rumen of ons oow, Whether they were msut.od recently
or bhad establishad a foci as an sccidental parasite ia not known, The uninucleate forms
meqsured 10 to 3 micyons, the multinucisate forms 18 to 24 microns, Cyets with cne or
twp nuclel measuref 7 to 11 miorone.
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Beclker and Talbott (1927) reported this amisba from the rumen of several ocattle,
appearel spimilar to E, histo.

G

Tanily: ZEodamosbidae
Endanoebs bovis (Liebetens, 1910)

about 20 microns, Nothing is imown of ite pathogenicity,

TREATNENT: TUnneosessary,

KEY TO 00CYSTS OF EIMERIA FOUND IN CATTLE®

Relatively small and ocolorless, without perceptible micropyle....me—me . 2
Ralatively large and tinted; micropyle a gap in wall at one end

of 000ySt . o o - U -
Typical oooyste subspheriloal or spherical . _ S )
Typical oocysts pyriform, ellipsoldal or cylindrical .. .. ... b

Relatively emall, 9 to 13 microns long; pellid, thin-walled,
daltcats; 96 to 120 hours required for complets sporula-
tion — e E. subspherica

Iarger; 15 to 22 microns long; more conspicuous and crystalline
in appearance; L8 to 72 hours required for complete sporula-
tion O - - E. zwrnil

Typloal oocysta distinotly pyriform, but varying from sub-

ollipmoidal to subcylindrical; 13 to 24 microns long, pellid,

thin-walled, deliocats, psculiar parachute-shaped caps at ends

of aporooysts preceding sporozoite formation, 92 to 120 hours

required for complete sporulation et —_— E. alabamensis

Typical cocyets regularly ellipscidal or cylindrical, more

conapiouous and lees fragile than oocysts of E, alabamensis ——3

Ma Jority of specimens regularly ellipsoidal, varying from
spherical to nearly cylindrical; 12 to 27 mlcrons long; 48 to
T2 hours required for complete sporwlatiom.. .. .. K, ellipsoidalis

Majority of epscimens regularly ¢ylindrical, varying from
ellipsoidal to narrowly cylinmdrical, 16 to 27 microns long;
48 hours or lees required for compiste sporulation .. .E, cylindrica

Typical oocysts regulariy eilipscidal, vith some alightly
tapered or nearly cylindrical forms in Tenge of wvariation;
25 to 37 micronsklong; vall homogensous, dellioately yel-
lo%-:-hmm; 72 to 96 hours required for complete sporu-
ls

P — - - e

|

3

FiZayted Trom Ciristensen (1941).

It

lca, Cysts were not obasrved, Ths trophozoites meagured
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Typioal oocyste ovoldal, 34 to 42 miorons long; 2k to 29
microna wide; il hours required for sporulation. ... B, brasilisnsis

Typloal cocysts ovoidal, 51 to 54 miorons long and 22 to
34 miorons wide; 36 to 72 hours required for sporula-

tlon — - 5. Aldefonsol

Typical ococysts tapered toward micropylar end . __ . _ ... .. .. _ ... T
7. Wall dimtinctly thiockened and yellowish-brown to dark brown

in color, these being the most intensely tinted oocysts noted

fram bovines; 33 to 41 microns long; pyriform; 96 to 168

hours required for complete sporulation... e E, bukidnonensie

Typical oocyats ovoldal, 37 to 45 mlcrons long and 26 to

30 microns in width, 120 to 168 hours required for sporu-

lstion, oocyst wall aspeckled , .. . E. wyomingensis

Wall not distinctly thickened or sc intensely tinted, 48 to

T2 houra required for complete sporulation . . . . R . .. 8
8. Typical oocysts stoutly egg-shaped or ovoldal, 23 to 34

miocrons long, almost colorless to pale greenish- or

yoellowish-brown, wall smooth and homogeneous in all

specimens .. _ . [ - e meem o .. — E. bovis

Typioal oocyste elongated ovoldal, 32 to 46 microne long,

pale to distinctly yellowlsh-brown, wall typically homo-

geneous, but variants occur having numerous, amll,

rounded mammillations in the wall _. - E auburnensais

CLASS. SPOROZOA
ORDER* COCCIDIA

Family: REimsriidas
Bovine Coccidiosis

Coccidia ars tissus invading parasites, primarily of epithelial cells, Bovine
coooldiosis is an infectious dilsease of cattle which produces bloody scours or red diar-
rhea, The disease 18 of great economic importance in the United States.

There are at least 12 velld species of bovine coccidia., All of the speciss balong
to the genus Eimerie which infect cattls, S8pecles differentiation is based on the follow-
oharacters: (1) eize, shape, color of the oocysts, (2) nature of the sporvoysts,

(3) eporulation time, (4} and physiologioal characters, The basic characteristios of
the species found in North Amesrican cattle are listed below.

Eimsria alabsmensis Christensen, 1941

Oocyats rangs betwsen 13 to 2k miorons in length by 11 to 16 in transdiameter, The
shape 1s typloally pyriform with variations to subellipsoidal and suboylindrical forms.
There is no mioropyle. The wall ie thin; the ococyst appears oolorless, under oil immsr-
alon they are grayisb-lavender to pale brovnish-yellow tint, &porulation time ia between
96 and 120 hours, Bporulated oooysts contained L elongated, tapered sparcoysts, each
having two indistinot sporozoltes.

L]
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Bimeria ayburnensis Christensen apd Porter, 1939

Oooysts range betwesn 32 to 45 microns long dy 20 to 25 microns vide, The shaps is
typlcally elongated ovoldal varying between subellipsoidal to tapering, Mioropyle re-
sembles an operculum, The walls are typically améoth but varying in structure from the
transparent type to a rare semi-trensparent heevily mammillatad type. Sporulation time
18 between U8B to 72 hours.

Eimeria bovie (Zublin, 1908)
SYNONYN: Bimeris smithl Yakimov and Gelouzo, 1927,

The cooysts mesasure between 23 to 34 microns long to 17 to 23 mlorone wide. The
shape ie typlcally stout ovoidal, blunted acrosa the narrow end, Variatiocns are con-
siderable with subsllipsoldal, asymmetrical and elongated forms, Micropyle appears as a
@aP in the oell wall, Under low-power the color is pals, cloudy, greenish to yellowish
brown, The time of sporulation is sbout 48 to 72 hours.

Eimoria brasiliensis Torres and Ramos, 1939

Cocyats are about 34 to 42 by 24 to 29 microns, They are ovoldal with a micropyle,
The wall ie ampoth and green yellow in color, Sporulation time is about 6 days. A resid-
uwnl body is present,

Elmeria 1ldefonsol Torres and Remoa, 1939

Opcyate measure 31 to 54 micrpna long and 22 to 34 microns wide They are eag
shaped The wall 1s amooth and brown in color. A micropyle {s present Sporulation
occurs between 36 to 72 hours, A reeidual body 15 also present

Eimeris bukidnonensis Tubangui, 1931

Oocysts are about 33 to 41 microne long and 24 to 28 microns in diameter They are
digtinctly pyriform with little variation in shepe, The wall ie about 2 microns thick and
is greater than the other speciee of coooidle from cattle. The cocysts are brown to yel-
low-brown in color. A micrppyle is present. Sporulation time ranges from b to 7 days,

Bimeris canadensis Bruce, 1921
synonyd. Riworia zwmabadensie Yakimov, 1931.

The oooysts are 28 to 37 microns long by 20 to 27 miorona wide The shaps is typi-
cally sllipeoldal, varying from nearly oylindrical to stoutly ellipeoidal., The micropyle
18 inconspicuous. Oocysts are brown to pale brown in color, Sporulation requires sbout
72 to 96 hours.

-Eimeria cylindrica Wilson, 1931

Oocyste of this species measurs 16 to 27 miorons long by 12 to 15 microns in diam-
oeter, The shape 1s typically cylindridal but mey vary from ellipsoidal to narrow cylin-
ders. The micropyle is impercsptible, Ths cocysts appear colorleas to slightly tinted,
Sporwlation time is ebout 48 hours.

Eimoria ellipeciialis Becker and Frye, 1525

Oocysts are from 12 tp 27 miorons long by 10 to 18 microns wide. The shape e pre-
dominantly ellipsoidal with eome spherical to subspherical foims, Mioropyle inperceptible.
Uinder low podily the cocysts are colorless but under oil immersion ths wall has a pale
lavénder to yellowish tint. Sporulation requires from 48 to 72 hours,
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Eimeris pudbspherica Christensen, 1941

The amall oooysts of this specles measures 9 to 13 microns long by 8 to 12 microns
in diemeter, Ths shape is typically subspherical varying from spherical to bluntly el-
lipsoidal. No micropyle 1s viaible, The oooysts appear colorless to & faimt yellow tint
and fraglle. The tims of eporulation 1s approximately 96 to 120 hours,

Eimeris wyomingeneis Huizinga and Winger, 1942

The ococysts range from 37 to 45 microns long by 26 to 30 miorons in width. The
shape is typlcally ovoidel to elongated ovoidel but occasionally slightly pyriform, The
wall 1s 3 microns thick with a yellowish-brown to greenish-brown color, Micropyle 1s
conspicuous, The sporulation time is 120 to 168 hours,

Eimerie zurnii (Rivolta, 1878)

The oocysts measure from 15 to 22 microns in length by 13 to 18 microns in transdiam-
ster The shape 1s spherioal to bluntly ellipsoidal The micropyle is not viesible, The
oocyste appear colorless, under oil immersion they have & faint grayish-lavender tint,
Sporulation time is about 48 to 72 hours

Bovine coocidiosis was first reported in North America by Smith in (1893), Since
that time many outbreaks of bovine coccidiosls has been recorded in the literature. The
twelve different specles differ widely in their ability to produce clinical coccldiosis.
The relative pathogenicity,localization in the tissues and the various intracellular
stages 1n the epithellal cells of the bovine has not heen studied on & comparative basie,

Wilson (1931), Becker (193L4) and Christensen (1941) summarized in detail the infor-
mation on the coccldia from domestic cattle As time goes on the veterinarian must learn
to recognize and diagnose this dlsease as 1te presence has been overlocked although 1t le
of almost universal distribution in the United States., The three apeclies most frequently
involved in clinical coccldlosis are E, zurnil, E. bovis and E, ellipsoidalis.

LIFE CYCLE The 1ifs cycle of a typical coccldlum from cattle involved only one host,
Oocyste after leaving the cow by way of the feces sporulate under favorable conditiona to
the infective astage (eporulated oocyst) from 2 to 7 days). The sporulated cocyet contains
four sporocyats which contains 2 sporozoltes each for a total of 8, The sporulated cocyst
is ingested with food or water The sporozoltes are liberated and each enters an epi-
thelial cell of the intestinal mucosa Bach sporozoite in turn becomes a trophozoits and
finelly enlarges to a spherical schizont which fills the cell, The nucleus of the aschiz-
ont divides contlnually and each daughter nucleus forma a amall merogoite. When the epil-
thelial cells rupture the motile merczoites enter nev epithelial cells and the assxual
cycle 1s repeated severml times, This process is known as schizogony.

After schizogony occurs there appeare a gensration of merozoites which develop inte
mle and female gametocytes to commence the ssxual phase of the cycle In the epithelial
celle the male gametocyts divides into a number of mlcrogametes which are liberated.

These penetrats the micropyle of the large oval gamste which has developed from the female
gamstocyte (macrogamstocytes), The resulting zygote produced by this fission secretes a
wall and becomee an cooyst. These oocysts are passed out in the feces where the nucleus
of the cocyste divides into daughter nuclei which form sporooyste and are called sporu-
lated cocyste, This Infective stage 18 ingested by the cow to complete ﬁmﬂ g_vcle.

k]

Acobrding to Hammond et al (1346) the asexual atage of E, bovie differs from the
usual Eimeria by ite location in the center of a villus, in its large sizv, the number of
morozoites produces by & single schizont and in the cccurrence of a aingle gensration of
schizonts, The sexwal stages are limited to the cecum and colon,

PATHOLOGY: The damage dome by cocoldiosls in cattle results directly or indirectly from
the tremsndous multiplication of coceidia in the epithelial linings of the amall intes-
tine, cecum, oolon or rectum acoording to Boughton (1942), Gross lesions inolude:



* AR ¢iH
COCSIDIA FROM CATTLE

Eiver ia subspher ica

Eimeria zurnii
Eimeria elllpsoidalis Elmeria cy!indrica

Eimeria alabamensiy

Eimeria bovis

i
Eimer ia:canadungis Eimeria suburnensiy Eimeria wyomingene ls
)




PROTOZOR OF CATTLE 7

(1) loss of surface epithelium, (2) thickening of the mucous membrane, {3) hemorrhages,
which mxy be petechinl or diffuse and (4) catarrhal enteritia, Destruction of the in-
testinal glands may also oocur,

SYMPTONS: The main symptoms eesociated with bovine coccidiosis are bloody diarrhea
{stringy masses of mucus and clotted blood) , anemia, weakness and emsclation, Bevere
stralning accompanies defecation, BSBecondary bacterial infsctions may complicate the
plcture., Pneumonis often develops. If an animal does not die within a week or 10 days
1t may be expected to recover Calvee often have a rather severe non-fatal coccldiceis
which do not show the spectacular symptoms of bloody diarrhes,

Symptoms usually occur about 2 weeks after swallowing the sporulated oocysts First
symptoms include the observaetion of the feces being streaked with blood. The diarrhea be-
oomes more severe the following day with frequent spurting discharges of bloody fluid,
olote of blood and feces, This may continue for 3 or 4 days, The hind quarters become
golled from the diascharge. There is a definite loes of appetite

TRANSHISSION, Many healthy, adult cattle harbor coccidia without showing any signs of
the dissase, The number of oocysts discharged may be very high, These animals are known
as carriers., Carriers becoms immune to repeated attacks although they become a conetant
and continual source of oocysts,

Boving coccldiosis is transmitted by means of infected oocysts which must be of
bovine origin., These oocyste are quite reslstant. Since calves are most susceptible
they become infected by overcrowding and eating or drinking fecal contamingted feed and
water.,

DIAGNOSIS  Diagnosis depends wpon finding the characteristic oocysts in the feces by
microscopic examination Identification cen best be made by observatione on freshly dis-
charged ococysts The asexual stage of E bovis has relatively large schizcnts which are
visible to the naked eye These are most abundant in the small intestine where they are
embedded in the villl just under the intact epithelium .According to Boughton (1942)
this macroscoplc lesloa 1s of value in the diagnosie of bovine coccidlosis caused by

E bovis

Oocysts may not be present in the feces at the beginning of an attack Two or thres
days later the organisme may be present in large numbers

CONTROL® The control and prevention of clinical bovine coccidiosis are based on the
knowledge that immune animals (coccidicsis carriers) are universally present and that
continual exceesive expoaure to coccidia ls particularly dangerous to young stock. Sani-
tary precautions and managemsnt practice must be designed to prevent the young animals
from swallowing large numbers of Intective sporulated ococysts

Young calves should never be introduced directly intc a group of calves at various
ages if they are confined to close quarters According to Boughton (1942) calves are
bound to pick up & Pew stray oocysts and develop non-clinical infections These animals
will pass large numbers of ococyseta. Other calves will ingest more oocysts and clinicsl
cages may ocour

Daily removel of manure and contamineated bedding ls good practice and important.
Isoclation of young stock into individual stalls 1s helpful. Feed should not be allowsd
to coms in contact with feces,

If it is impossidle to leclate animale or keep the pene cleaned daily, segregation
of calves by age into separate pena accordlng to age groups will help, The age groups
to keep in mind are calves under 3 weeks old, 3 to 6 weeke, 6 weeke to 3 monthe and 3
monthe or older, Sanitary mesasures should be practised at all timea.

Animala fed outeide on wet ground arcund fsed sheds, vatering troughs or haystacks
are also & problem, All puddles, wet spots should be filled and propsrly drained, Manure
shonld bs removed often. Rotation of feeding placss is of value,
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Oocyats are highly realstant api can remain infsctive in fecal material for saveial months,

TREATMENT: Many drugs kave been used for the treatment of bovine coocidioele, M1ld cases
usually recover without treatmant, Severe cases may end fatally, Ko apecific treatments
are lmown, The usual course la to give protectlve metsriale such as, mineral oil and milk
oontaining astringsnte or inteetinal antiseptics. Clalme for oures of coocidiosis have
been usually the result of spontaneous recovery under good senitary conditions. Boughton
{1943) reported favorable results with sulfaguanidine In the case of E. bovia infections,
The drug was given daily at the rate of 0.1 gram per kilogram of body weight for a three
veek period beginning two daye after inoculation or in 5 gram doses for an 8 day period
beginning 13 days after inoculation,

GENERAL REMARKS: At one time it was believed that covoidia were non-specific in so far
a8 the host was conoerned. Experimental work has shown that & high degree of host speci-
ficity exlats with the various speciea. Animals acquiring coccidiosis usually develop
some degree of lmmunity

ORDER" HAEMOSPORIDIA
Family. Babesiidase

Babesia bigemina (Smith and Kilborne, 1893)
SYNONYM: Piroplasme bigeminum.
DISEASE: Piroplasmosis, babeslasls, babesiosis

COMMON NAMES: Cattle tick fever, tick fever, bovine malaria, red water, black water,
southern cattls fever, splenlc or splenetlc fever, hemaglobinuria Texas faver

HiSTORY: Cattle tick fever is a gpecific infectious disease of the blood of cattle
caused by Babeaia bi.?eminn vhich are tranamitted to the anlmals by the cattle tick

(Bogphilus snpulstus),

It ie not knova when or where cattle tick fever made ite first appearance in the
United States. It was probably introduced into Mexico during the Spanish colonization,
The disease was noted in the United States about 1800 When southern cattle were asso-
ciated vith native cattle the disease wae spread It was alec noted this disease cccurred
in the eummer and subglded in the fall after the first froet. Mnormous losses would ocour
vhen cattle from Texas were driven to other states., The dieenss became so videly spread
that the Federal Government established control measures on 8ll areas where the disease
wag known to exlst,

In 1883 a survey was made to locate the northern limite of the disease, In July
1889 the first national quarantine order was eetablished., This was done while Dr, Salmon
wae chief of the Bureau of Animal Industry.

During this time investigators in the Burseu of Anims) Industry were working on the
stiology of the disease, Bmith and Kilborne (1893) found that cattle tick infestation
was necessary for the tranamiseion of the organism, This was the firet times procf was
svident that an arthropod could trensmit protozoan diseases.

WORPHOLOGY: The organismes are looated in the red blood ocells of sattle, They may aasume
various shapes but thelr mosi characteristio form 1s round, ova)l to pear-shaped, The
pear-ghaped pamsites are usually found mingly or in pairs, Thepe organisms measure from
2 to 4 microns long &pd 2 microns wide,

LIFE CYCLE: Accomding to Dennls (1932) sexual reproduction followed by aporozoits forma-
tion occurs in the' tiok (Boophllus ). When the tiok feeds on an infeoted cov,
. the blood parasited in the iumen of the tick gut ferm isogametes which are 5 to 6 miorons

P .
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long. Through furthar miltiplaticn {isogamy) motils clubd shaped ookinstes 7 to 12 mi-
orpne long are formed, These pams through the gut wall of the tick and penstrates the
reproductive organs, The ova of the tick are inveded by the ookinetes whioh round wp
and develop into sporonts about 7 to 12 miorone in dlameter. These grow into multinu-
cleated (4 to 32 nuclei) forms nown as aporckinetss ani are up to 15 microns lmg., The
sporokinetes migrate throughout the tissuss of the developing tick, MNany of these forms
develop in the salivary gland cella. Sporokinetes develop into sporosites before or just
alter the ticks hatoh out, Cattle becoms infected dy the bit of infected ticks, The
organisns pass from the ticks into the blood stream of susceptible cows, The diseese oan
be trensmitted by dehorning or by injeotions of infeoted blood into susceptible animalas,

LIFE CYCLE OF THE TICK: The famale ticks when fully engorged with blood drops to the
ground and lays eggs. She is capable of laying over 5000 eggs, After egg laying the
female tiok dies, The egas incubate after a time as ehort as 18 to 20 daye in the sumer
or as long as 200 days if they are lald in the fall or winter ssasons, The sgas hatch
out into sir legged larvae called ssed ticks, After a few days the young ticks olimb on
plants and vegetation, They attach to cattle as they brush egainst the plants, The
parasite dies of starvation 1f wable to find ite host.

The tick crawle over the cow to the area of the dewlap or ineide the thighs and
flanks, After two weeks the ticks molt into the nymph form with eight legs. later they
molt again and becoms sexually meturs. At thie etage the males and femalss can be identi-
fisd. The male 1g brightly ocolored and is smaller than the female, After mating the
femnle sucks blood, engorges and falls to the ground to lay eggs and completes the oycle,

SYNPTOMS: Tick fever ie primarily a dissase of mature animals, cattle under one year of
age rarely shov symptoms, The incubation peried varies from one to two weeks. In acute
ceses ths cnset 1s sudden with the anima) showing depression, lack of appetite and a
temperature of 1050 to 1070 ¥, Fever may continus for two or three days, The muccus mem-
brenes are icteric, constipation is usually followsd by dlarrhea, Hemoglobinuris is
usmally present, ths urine varying from light red to black depending on the number of red
cells destroyed, Blood clote elovly and is light colored, the cell count may drop to 1
or 2 million, Death ocours in about one week, with a mortalit,y rate of about 90 per cent.
From two to 81x weeks after recovery from an a.cute attack, a relapee may occur in a mild
chronic form,

The eymptoms of the chronic form is similar to the acute type but usually there is
no hemoglobinuria, Ths couree 1s irregular, the temperature is 103° to 1040 F. The mor-
tality rate is low, but the diseass may extend over weeks or months.

PATHOLOGY: On post-mortem examination the spleen is found to be enlarged from two to four
timsg norml ‘size, The blood is thin and watery like, Ths liver im enlarged with a yel-
lowish mehogany-brown appearance with ecme fatty degeneration, Hemorrbagee are frequent
on the walls of the heart, suboutanseous tissue and the mucosa of the urinary bdladder.

CORTROL: The control and ermdication of this disease 1s by dipping the cattle to kill
the ticks, This ie fwlly explained by Rilenberger and Chapin (1949),

There are two varietiss of cattle fever ticks in the United States which can spread
tick fever, the North American fever tick Boophilus aznulatus wvhiok formerly infeoted the
majority of the quarantined areas and the tropical variety of the tick, Boophilus annu-
latus var, mic us Tound in Florida and the gulf coast of Texas, nletothptiokandi
cation campalgn by the Federal Goverrment which started in 1906, the oattle fever tick
and tick fever has been practiocally eliminated from the United sta’ces. Only a amall por-
tion of gouthern Floride and southeastern Texas were conaldersd tick Infested areas in
1gkl, The diseass has bLyen practically oleansdl out slthough over 1i states were oon-
sidered infested areas at one time, Pasture rotation for 8 to 10 months in vhich all ant-
male are removed n-oqu infested avea will cause the ticks to die of starvation,
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TREATHENT; Therapeutic agents were not used in the Unlted States for the treatment of
this disease, The Injection of trypen dlue intravenously in a dose of 100 c¢ of a ane
per oent solution in physiological saline has been recommended, Acaprin (?Be.yer) ie also
offective, It is administered suboutanecusly. Trypaflavins (acrifiavine (0.5 to 1 gram))
1:1000 per intravenous dose has been reported to have a curative action on ocattle faver.

Artificially, immnity can be established by the inoculation of young cattle with in-
fected blood which produces a mild case of ths disease. Thie is not successful in animala
over ons year of age,

GENERAL RENMARKS: The emall endemid fool of thie disease in the United Statea apparently
ip kopt alive by desr reservolr hoste of the tick, There is always a potential dangsr of
thie diseace re-entering the Southern United States from Mexico,

ORGANISMS OF UNCERTAIR ZOOLOGICAL CLASSIFICATION
Anaplagma marginale Theller, 1910
DISEASE: Anaplasmosis,

BISTORY: This disease has been reperted from many countriee., Anaplasmosis has been known
and studied in the United States for over twenty yeara, It 1s believed that the disease
was introduced into this country by carrier animale from the Tropics., Smith and Kilborne
(1893) first described this parasite as an observation with their study of Texas fever,
The disease hes gained a foothold in thils country and has been reported from 21 states-
Alabamn, Georgla, Idaho, Illincis, Iowa, Kansas, Loulslana, Maryland, Miseiesippi, Mis-
mouri, Montana, Nevada, New Mexico, North Carolina, Ohio, Oklahoma, Oregon, South Caro-
lina, Texas, Virginia and Wyoming.

MORPHOLOGY® The so-called anaplasma body is a spherical granule which stains bright red
with Wright's stain. These granules occur on the margine or red blood cells, usually
about 2 or 3 per cent, On rere cases 6 or more parasites may occupy a cell, There has
been much discussion &e to the nature of these structures

Tvo types of anaplasme can be recognized, those which are spherical in outline with
smooth contours and measure 0.2 to 0,5 microns on diameter {smooth) end those whioh are
roughly spherical, oveidal, or cuboidal and measure about 0.6 to 0,9 microns (rough).
Jolly bodies and basophilic stippling can be distingulshed from the anaplasms by their
staining reaction.

These granules vary in size from 0.1 to 0.8 micrens, Sometimes two or three of
these bodles occur close together to give a dumb-bell appearance. Attempts to cultivate
the parasite and to reproduce the disease from cultures inoculated into cows have failed,

During the height of infection more than 50 per oent of the red blood cells may be
infected. If the animal recovers the number of cells containing the merginal bodies de-
creases to 8 point where they cannot be found on microscopical examination, The blood
of recovered cowa 1s infectious for the life of the animal and they becoms carriers, The
infection my be trensmitted from the dam to unborn oalf which in turn becomes a carrier,

LIFE CYCLE: The life cycle of this mnaplaameta is imimown, Ths method of multiplication
1s not wdesrstood nor vhether these bodies are actually protozoa,

Multiplication gf these bodies Xas been thought to take place by simple dinary fis-
wion, lotze and Yienget (1942) and Lotze (1946) believed that sach anaplasms divides in
some uring the process of multiple fission to form 6 small spherical bodies,
Lotze and” t (1942) also presented an excellent summery of the morphology of this
organiién. They conclhded that the ansplasms 1s a parasits which invedes the red dlood
eall, evemtually unddygoss multiple division to form B smal) apherioal bodies in each

k] »
{



43

*eURRS (P 4} POIIOAOL GARY YI|YR SRS IJEI|PU| GReIE

Pepuys

*80383g POIiUn oy} ) ¢)eowss|dvuy

" dWN




VETERVIURY PROTOZOOLOBY ”

e

enaplasme, The disappearance of the large irregular shaped bodies from the hlood stremin
auggest that they are in some way responaidle for the erythrocytes which are harboring

the parasites, The infected red blood celle apparently do not remein in the blood stream
for more than 3 or 4 days,

The occwrrence of extrm erythrocyte bodles during the anaplasma phase and the at-
tachmant of this structure to mature red blood cells apparently is part of the life oycle
during the stage vhen the organism invades the cell,

TRANSMISSION:  Sinoe this disease resembles tick fever in meny respects investigators have
studlied various insects and ticks with regard to ite trensmisaion, Several investigators
bave demcnetreted that many typee of insecta and ticks are capable of spreaiing this die-
sase. According to Stiles (1942, 19L6) the Following arthropod vectors have been found
%0 transmit anaplasmosis: Arga

rgas persicus (chicken tick), Boophilus annulatus (cattle
fever tick), B. decolorstus (Blue fever tick), B, mi

B. microplus, Dermacentor albipictus (moose
tiokg, D, =*ndersont (Rocky mountain spotted fever tick;, D. occidentalis (Facific coast
tick), D, variabilis (common wood or dog tick),

Hyelomma lusitanicum, E. algytium, Ixodes
ricinus (castor-bean tick), I. scapularie (common shoulder tick), Omithodorus

lahorensis
Roipicephalus appendiculatus, B, burea, R. overtsl, u. sanguineus (brown dog tiok), R
gime (black-pitted tick). Several species of horseflies can also transmit the diseass.
Tabanus sulcifrons, T. abector, T. venustus, © equalis, T. erythrasus, T. americanus,
T oilahomensis, T. fumipennes. Stomoxys calcitrans (staeble fly) can also tranamit the
digease,

Certain mosquitoes are also capable of tranemitting anaplasmoasis, Psorophora
columbime, P, ciliata and Asdes aegypti

In the transmission by horseflles Lotze and Yiengst (1942) showed that Tabanus gul-
cifrons after feeding on an infected bull, transmitted ansplasmosle to 3 normal cows,
They beceme infected within 24 to 28 days., Howell et al (1941} showed conclusively that
mosquitoos tranamitted the dlsemse, Only & few bites of these arthropods are required

if the infecting animal is in the acute stage of the disesss, Sanborn et al (1938) showed

that the disease was tranamitted through both female and male ticks and later Howell et al
(1944) reported hereditary tranemisafon,

An important means of transmission 1s through the use of contaminated surgical in-
strmments which have not besn disinfected, Outbreaks have been reported in herds after
dehorning operations, bleeding of animels,

cestration, slitting of ears or other surgical
operations, Rees (1930) demonstrated that contaminated hypodermic needles can transmit
anaplasmosis. The disease can be tranamlitted by 0,025 cc of infected blood, Moe et al

(1940) transmitted the disease by tlpping (removing & few inches of the horn) the horns

of cattle, In arees where anaplasmosis 1s lmown to exist, veterinarians should be ex-
tremely careful to disinfect their instrumente. Hilts (1928) noted enaplasmosis in cat-
tle followlng dehorning.

SYMPTOMS:

In the early stages of acute anaplasmosls a fever of 103° to 107° F usually
occurse, As the diseaps progresses the fever may become normal or subnormal before the
animal dles Breathing 1s accelerated and heavy, HExhaustion, lack of rumination, loes
of appetite are other general symptoms, The skin and all vislble membranes become yellow
and anemic, Depraved appetite occurs. Anlmals may walk with a stiff, unsteady galt,

Urination is frequent but the urine is normal in color. Occasiocnally the animals
ars oonstipated with dark, blood colored feces covered with mucus, Muscular tremors of
the neck, shoulder and flank have been repcrted, HEnlarged glands, rough coat and edema
-around the eyes may occur., Aa a rule, young enimals are quite resistant, In acute cases
denth may ocour within 2L hours after the firet eymptoms. The average fatal case lingers

~about 2 or 3 days., In the chronic cases the animals live longer, show anemia with the
m, cell count less than i million per omm, Hemoglobin may be less than 10 per cent,
Recovery takea place very slovly. Convaleacence requires many days or weeks before the
anizal “m}’“k to noymal. In late pregnancy the animel may abort,

The mortality mte varies videly from %0 to 50 per cent of the anlmals infected,

Animals which recover from anaplasmogsis remain carriers for 1ife and are resistant to
subsequent infectlons,
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PATHOLOGY: On post-mortem, ths lymph glands are slightly enlargsd and edemmtous., The
heary ia enlarged and covered with pstechial hemorrhages, The blood is thin, watery,
olots in the large blood vessels appear ae long ropey masses, The lungs are anemic with
some emphysema, The liver 1s saturated with bille and enlarged. The spleen 1s enlarged
with soft pulp. The entire vicera shows mome yellow discoloration

DiAGNOSIS: Diagnosis depends upon finding tho marginal bodies in the red dlood cells
upon microscopic examination. As the disease progressss various cellular changes seso-
ciated with ansmla occur such &s polychrometophilia or besophilia, Microscopical exami-
nation of carrier cows is of no practical valus, Boynton and Woods (1935) reported a
non-specific test which appears to have some value in the diagnosis of anaplaamosis,
Blood is drawn and allowed to clot, A small amount of clear serum im obtained Two drops
are added to 2 cc of distilled water The eere of normal animals does not becoms cloudy
in vater whereas animals infected with anaplasmosis the sera becomss cloudy lmmedlately.
After standing overnight a white precipltate deposits on the bottom of the tube The

teat depends upon the precipitation of euglobin.

TREATMENT® Bick animals should be kept in the shade and given plenty of green feed and
water, Animals should be handled gently If the animals are constipated a mlld saline
purge 1s Indicated. Boynton et al {1937) recommended an intravenous injJection of 1000 cc
of a 5 per cent dextrose In distilled water to which has been added enough sodium cacody-
lete to make a dosage of 30 gralns of cacodylate per 100 pounds of animal weight This
drug stimulates red blood cell formation

8o far as known, no chemical compound has been effsective in destroying the parasite,
Howsver, any medicinal treatment which investigators have shown to be of some valus in
alding recovery should be tried According to Koger (1941) large quantitiss of citratsd
blood (2000 to LOOO cc) from healthy cows injected intravenously appeared to reduce mor-
tality Observations have been noted that animals which drink water throughout the course
of the dlsease usually recover

CONTROL. To prevent the spread by mechanical means, all instruments should be sterile
before use A sufficlent number of bleeding needles ahould be provided Used needles or
surgical Instrumsnts can be washed in cold water to remove the blood and sterilized by
bolling several minutes in water containing 2 per cent washing sods. Other disinfectants
which can be used are 2 per cent solution of cresol, formalin or 70 per cent alcohol.
Segregation of known carriers from normal animals 1s good practice Control or eradica-
tlon of ticks and other arthropod vectors by spraying and dlpping should be done,

GENERAL REMARKS This disease of cattle 1s not trensmlasible to men Many animels such
as elk, sheep, goat, deer, antelope and camel are susceptible to anaplasmosis, B8ince the
malady is primerily spreaed by arthropod vectors the disease 1s usually reported in the
summsr and fall

Bartonella bovis Donatien and Lestoquard, 1934 .
SYNONYM. B gergenti Adler and Ellsenbogen, 193k,
DISEASE: Bartonellosis,

Lotze and Yiengst (1942) reported the presence of "Bartonella-like" structures in the
red blood cells of American cattle infected with anaplasmosis, In a later report Lotze
and Bowman (1942) noted these etructures in cattle free from Anaplasma marginale. The
height of the Bartonella infecticn occurred in cattle 2 to U4 daye before enaplasmas were
first observed, In some cages Anaplasma end Bartonella were found in the same erythrosyte,

was detected in an anaplasmosie-free calf aoon after splenectomy. The impor-
tance of this parasite in cattle is not clearly understood. Under certain conditions
this organiam may produce some pathology. Ths paresite resekdlse the decilliferm and cocol-
form structures found in Bartonella of rats.

TREATMENT: Unknown.
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Bperythrozoon wenyoni Adlor and Ellenbogen, 193k
DISEASE: Bperythrozoonosis,

Lotze and Yienget (1941) firat reported Eperythrozoon wenyoni in the United States
from the blood of & covw experimentally infected with Anaplasma marginale. It appears
that anaplsemosis and epsrythrozoonosis are possibly two distinct typee of infections,
The organisms stained with Giemsa are pinkish purple in color, and about 0.3 to 1,5mi-
crons in diameter, They are loossly attached to the red blood cells. A typical parasite
1e shaped like a dellicate ring, but various forms are recorded including ovoid, comms,
rod, dumb-bell forms Multiplication apparently takes place by budding or fission This
diseagse may be of importance if in aesociation with other blood diseases although 1t may
be of 1ittle importance when occurring alone More information is required to show
whether these structures are concerned in producing & specific disease.

TREATMENT* Unnecessery

Sarcocystls sp.

Thie parasite has been reported sporadically from cettle Since the excellent work
of 8Spindler (19146, 1947) investigation of Sarcooystis in ewine; the true classification
of the paresite 1s uncertain, New evidence brought to light indicates this parasite may
be a fungus,

For more detaile see Chapter V on the protozoa of swine, The parasite apparently
doss not cause any serious trouble in cattle. Wilson and McDonald (1938) examined the
heart muscle of 35 cows Cysts were found in 30 Theee oysts were 74 to 252 microns
long and in sections cut 4 microns thick there was a ranges of 3 to 18 cysts to 1/8 square
inch of tiessue No cysts were found in the heart muscle of 29 calves 6 to 8 weeks old,
The writer (BB M,) observed a cow condemned by meat inspectors in a local packing plant
becauss of this parasite

TREATHENT: Unnecessary.

CLASS: CILIATA

About 30 or more aspecies of cillates from the rumen of cattle have been recorded from
Forth American cattle Becker and Talbott (1927) in an excellent monograph of the pro-
tozoan fauna of the rumen and reticulum of American cattle gave a good review of these
oiliates Further work on the protozoa of the intestine of Mexican cattle was conducted
by Chavarria {1933) Species recorded from North American cattle are listed below.

ORDER® HOLOTRICHA
Family. Isotrichidae
1, Isotricha prostomata Stein, 1859.
2 I, intestinalis Btein, 1859
3, Dasytricha ruminantium Schulberg, 1883

family: Butachlildes
Butgchlia parve Sohulbsrg, 1888,
5. B. neglecta Sohulberg, 1868.
6. B. lanceolata Fiorentini, 1890, .
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ORDER:

SPIROTRICHA

Family: Ophryoscolsoidas
7. Entodinium bursa Stein, 1858.

8. B. minimm Schulberg, 1858,

9. E. cavdatum Stein, 18%56.

10. . bicaripatun Cunda, 1914,

11, E. furca Cunhs, 191k,

12, X rostratum Florentint, 1869,

13. 3. dentatum Stein, 1859,

1%, Diplodinium megil Fiorentini, 1889.

15. D. burss Forentini, 1699,

16. D. msdium (Awerinzew and Mutafowa, 1914).
17. D. ecauvdatum var, scaudatum Morentini, 1889,
18. D. ecawdatum var. bicaudatum Sharp, 1914,
19. D. ectindatum var, tricaudatum Sharp, 191k,
20. D. ecandatum var. gquadricaudatum Sharp, 1914,
21, D, ecaudatum var, catansl Filorentini, 1889,
22, D. gberleini Cunha, 1913.

23. D. dentatum Fiorentini, 1889,

24, D, denticulatum Florentini, 1889,

25, D. minigum Bscker and Talbott, 1927.

26. D. clevelandi Becker and Talbott, 1927.

27. D. helseri Becker and Talbott, 1927.

28. D. neglectum Doglel, 1327.

29. D. multivesciculatum, Dogiel, 1927.

30. -macolex insrmis Btein, 1858,

31. 0. purkgmjei Stein, 1858,

32. Q gguda.t us Eberstein, 1895.

33 Elytroplastron hegneri Becker and Talbott, 1927.

The role of the protozoa in the rumen of cattle 1s not clearly understood,

Severnl

views have been suggested, soms whioh merit further investigations, These organiems may
aid in digestion, help digest cellulose, serve as & protein dlet to the cow or act as

commensals,

Recent interesting experiments by Hungate (1943) indicated that

osllulose and could be considered a aymbiont,

Diplodinium digeeted
Cellulose digeatiocn in t& rumen by pro-

togon and the prodlem of protozoan relationsbips In the rnminant were reviewed by Hastings

{1948) and Humgate (1946).
SERERAL REMARKS:

According to Becker and Halwmg (1920) cillates are acquired from cne

animal to ancther by month contamination. To hecome infected through food an anima) must

oat food contaminsted with infwcted salivs,

Infusoria of the stomech of the cow, goat end

sboep show no host-specificity within these tiuwee hosts,

SREATMERT: Uoneceasary, N

o “
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ORDER: HOLOTRICHA
Family: Pyonothrioidae

Burtonells sulcata Jameson, 1926

Bscker and Heiung (1929) desoribed oyets and trophozoltes of this organiem from the
fooes of calves at Iowa, Rees (1930) reported this protozoan from the cecum of 8 out of
32 head of cattle slaughtered at Loulsiana, This ciliate probably has no economic im-
portance, It 1s asbout 162 microns long and 116 microns vwide, The entire surface is
covered with fine oilia, Cyste have been found in the feces of Infected cows,

TREATHENT: Unnscessary.
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Chapter 1V -
PROTOZOA OF SHEEP AND GOATS
CLASS" MASTIGOPHORA
ORDER: PROTOMONADINA
Family: Bodonidae

Retortemonas ovie (Hegner and Schumeker, 1928)

SYNONYM! Enbadomonas ovis Hegner and Schumaker, 1928,

Hegner and Bchumaker (1928) described this species from trophozoites and cysts which
appeared in cultures made from faces of Maryland sheep The organiem is pear-shaped and
averages 5.2 microns long by 3.37 microns wide There are two flagella of equal length
which are approximetely as long as the body. It 1s apparently nonpathogenic

TREATMENT: Unnecegsary,

CLASS. SPOROZOA
ORDER. COCCIDIA
Family: ZRimeriidse

Ovine Coccidiosis

Approximately 9 species of Eimeria have been described from sheep and goats in North
Amsrice, The morphology of the various species are listed below

Bimeria arloingi Marotel, 1905

This specles showa the greatest range in size of any of the species of coccidia in
sheep. It measures 17 to 42 microns in length and 13 to 27 microns in width {average 27
microns in length and 18 microns in width) The oocyst ls ellipsoldal and possesses a
wvell developed micropyle and polar cap. However, the polar cap may be lost in some spsci-
mens. The cyst wall 1s characterlized by the presence of a single black contour line be-
twesn the oocyst membrane and the inner surface of the wall, The wall ig transparent and
varies in color from a faint to distinct yellowish-brown color B8porulation time ie two
to three daye and the spores measure 13 by 6 mlcrons

Bimeria ah-sa-ta Honess, 1942

This specles has been deascribed from the Rocky mountain bighorn sheep (Ovis c.
canadensis) and domestic shesp in Wyoming, It 1s difficult to differentiate from E,
arloingi and it 1s doubtful if 1t is a distinot species They measurs from 29,46 by
33.51 miorons in length and 21,58 by 24 9 microns in width, The oocyst has a faint pink
color,

Eimeria crendallis Honess, 1942

Thie specles has also been described from the bighorn sheep in Wyoming, although
Hevkins (unpublished data) has observed a very similar species in domestic ahsop in Michi-
@an., The oocysts measure 17.5 by 23,24 microns in length and 17,5 to 21,58 microns in
width, The polar cap varies from being almost imperceptible to 1,66 microns in helght.
The spores average 9.55 microns by 6,36 miorons, The cocyst may vary from being colorless
to a faint pink and the oyet wall has a greenish tinge. The oocyst wall presents a doubdle
oontoured appearance, This oocyst would seem to Present the sare relationship to E.
arloingi that E, parve bears to E. nina-kohl-yaldmovi, Bawkins found the peak of Infec-
tion with thim oocyst in Michigan ocours at & diffsrent tims than does K. arloingt,

-5)-
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Eimeria faurel Moussu and Marotel, 1901

Oocysts measure 25 to 33 miorons in length and 18 to 24 microns in width and average
28,9 miorons in length and 21 microns in width, This species 1s shaped characteristically
like & hen's egg with a distinct micropyle at the ¥arrow end. There is no polar cap,
The cyst walls are transparent and brownish yellow in oolor. The cyst wall 1s not doubls
contoured as in K, parva, The inside of the oyate may sometimes be a delicate salmon pink
or colorless. The sporulation time 1s 24 to 48 hours,

Eimeria granulose Christensen, 1938

Theae cooyats measure 22 to 35 microns in length and 17 to 25 micronsg in width
averaging 29.4 microns in length and 20,9 microns in width, The oocyst is urn-shaped or
Pyriform, with the cap on the broad end, The mioropyle 1e 3 to 5 microns in diameter and
ie covered with a well developed polar cap. The cyst wall 1s transparsnt and a pale
yollovwish brown to brownish yellow in color. The oocyst wall 1s not double contoured,
The sporulation time 1s 72 to 120 hours,

Eimeria nina-kohl-yakimovi Yakimov and Rastegaeva, 1930

Oocysts measure 20 to 28 microne in length and 15 to 22 microns in width and aversge
23,1 microns in length and 18.3 microns in width, The shape of the oocyst is ellipsoidal
to ovoidel 1n shape, and usually possesses an lmperceptible micropyle, No polar ocap 1s
present. The oyst wall is thin, transparent, usually colorlemss but sometimes u light
brownish yellow. The cyst wall 1s not double contoured. The oocyst may sometimes appear
to be a delicate salmon plnk color, The sporulatiofl time 1s 24 to 48 hours,

Eimeris pallida Christensen, 1938

Docysts measure 12 to 20 microns in length and 8 to 15 microns in width and avermge
14,2 microns in length and 10 microns in width The shepe 1e eilipsoidal and there is a
barely perceptible micropyle. There i1s no polar cap, The oyst wall is not double con-
toured, and 1s & pale yellow to yellowish green ln color giving the cysts a pallid ap-
pearance. The sporulation time 1s 24 hours,

Bimeris parve Kotlan, Mocsy and Vajda, 1929

Oocysts measure 12 to 22 microns in length and 10 to 18 microne in width (average
16.5 microns in length and 14,1 microns in width) The shape is ellipesoidal to sub-
spherical and possess no perceptible micropyle There 1s no poler cep The cyst wall 1s
transparent, faintly yellow to yellowish green, and demarcated on each side by a heavy
black refraction line giving it a double contoured appearance The sporulation tims 1s
2k to 4B houre

The most lmportant species of these perasites 1s not known at the present time
therefore, further discmsslon on these peresites must of neceseity be of the group as a
whole, regardless of the pathogemicity of individual parasites It is of lnterest to note
that the most common species are Rimeria arloingi, E. parva and E, faurei. This does not
mgan they are the most pathogenic.

LIFE CYCLE: The life historiee of these parasites are unknown individually, hovever, 1t
1s apparent they closely resemble those of other animels.

SYMPTOMS: Coccldiosis 1s moset imporiant ea a feed lot disease, although outbreaks may
occur undsr other conditions. The disease makes 1ts appearance from 12 days to 3 weeks
after the arrival of the lanbs in the feed lot Depreesion, loss of appetite and eocour-
ing are the firet indicatioms of the infection. The diarrhea will coantinue for several
days or more and results in weakneee in the lambs, which will rapldly lose flesh and
soge will dle, During thia period large‘numbers of oocysts are present in the feves,
and they may be found quite readily evem without conocentretion., Death losses oocur dur-
ing the period of severe ecouring and usually stop thereafter, In most lambs the scour-
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ing will persist for not more than two weeke although it will last longer in a few ani-
wals, Mortality varies considerably in different outbreaks, hovmr, death losses adbove
L to 5 per cent are very uncommon

PATROLOGY: Anatomical changes occur principally $n the small intestine, The middle por-
tion of the small intestine is usually the most heavily parasitized., White or yellowish
vhite epote may be seen from the serves or mucosa throughout the affected area, These
spota vary in silge from 0.5 mm. to 6.0 mn, in dlameter, Thess areas are fillsd with
meorogametocytes and oooysts, and the relative severity of thé infection may be judged
from the number of them present. A marked enteritia is present. The contents of the
smll intestine are semi-fluid, ellmy and ueually yellow or brown in color or bloody.
Large numbera of cocysts may be found in ecrapings In acute cases m severe snteritis
is apt to be more common in the large intestine,

DIAGNOSIS: Diagnosis in feed lot lambs may be made from the appearance of symptoms 2 to
3 weeks after their arrival in the feed lot and by the presence of large numbera of
oocysts in unconcentrated fecal samples

TREATHENT: As In the case of coccldlosis in other enimals there 1s no setisfactory treat-
ment for this disease in lambe Most eulfonamides which have besn tried have little af-
fect in controlling an outbreak once it has started. Spindler (1939) and Christensen
{1940) have shown that a mixture of copper and ferric sulphate will decrease the numbers
of~oocyste, but it 18 not known vhether it has any affects in a clinical outbreak., The
feeding of 2 per cent sulfur in the grain mixture hae proven useful in the prevention of
the disease.

Christensen (194k) found that commercial flour sulfur in portions ranging from 0.5
to 3 O per oent of the total ratlon effectively prevented the developmnt of clinical
cocoldiosis in 800 lambs. Foster et al (1941) administered sulfaguanidine in 2 gram
amounts per lamb daily for approximately one month and prevented completsly the acquire-
ment of natural coccldlosis in 5 lambe Adminlatration of the drug in 1 gram dally doses
per lamb inhibited the initial discharge of oocysts for at least 4 weeks No toxic symp-
toms of the drug was noted,

CONTROL: Coccidiosis in lambe 1s & disease which is brought inlo the feed lot with the
lambg, it la not carried over in the lot from one season to the next, In normal farm
outbreaks the coccidia are always present The conditione which favor the development of
the disease ie overorowding, as in the feed-lot, and the presence of sufficlent molature
for the oocysts to become infective. Providing a sufficlently large acreage, a light
ration during the first month of feseding and controlled feeding to maintain molsture at a
minimm will do much to prevent clinioal outbreaks., It has been shown by Christenaen
(1940) that ailage is an 1deal material for the development of infective oocysts, After
the first month in the fesd lot most of the danger of coccidiosie is over, due to the
developnent of lmmmity in the lambs

GEMERAL REMARKS: Coocldioais in the feed lot develope after two to three weeks, Studies
in Colorado have shown there 1s a rapld increasse in the number of oocysts passsd by lambe
in the first three weeks, vhether they develop clinical symptome or not, The numbers of
cocyets drop rapidly after the third week regardless of the conditicna, end there is no

r danger of the dlsease or the number continues to Increase and clinical symptome
develop. The sporulation and viebility of oooyste of E. arloingi was studied in detail
by Christensen (1939).
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KEY TO 00CYST8 OF EIMERIA n SHEEPH

1, Polar oep absent _._..___ ... . .. . -
Polar cap present . . __ - aa . e e e B
2, RKllipsoidsil to aubspherical; transparent, colorless,
oooyet 12 to 22 microns long ..o . . . e e oo I - s e 3
Ellipsoidal or egg-ehaped, transparent, delicate salmon pink to
pale brownish-yellow, oooysts 20 to 33 microns long _ S
3. Kllipsoidal; pallid, with single dark refraction line merking
inger surface of wall e - w - -- . E. pallids
Rlipsoidal to subspherical, clear-cut, with two dark
refraction lines, one on each side of wall - - _E. parva

&, Ellipsoidal, stout, micropyle inconspicuous or impercep-

tible . . .. . . - e am — - E. nina-kohl -yakimovi
Bgg-chaped, micropyle conspicuous at narrow end - E faurei

5. Wall opaque, thick, tranaversely striated, dark brown,

oooyate 39 to 53 microns long - —- - - - E. intricata

Wall transparent, thin, pale yellowlsh-brown,

oocysts 17 to 42 microns long - — - - 6
6. Typlcally shaped like broad-shouldered urm, or pyriform,

cap a soft, gelatinous flat to conver truncated cone

situated upon the broad end of the oocyst, early sporont

densely granular . — e e e — o —0 — E granulosa

Typloally ellipsoldal, cap a tough, firm, rounded cone or

creecent, early sporont not densely granular, ococyst

27 by 18 microns_ .. - Lo . . E arloingi

Oocyst 31 by 23 microns e et e e -~ _.E, ah-sa-ta

Oooyst 21 by 18 microns - - -~ E, crandallis

CLASS CILIATA

The same species of cillates which occur in the rumen of cattle also occur in sheep,
The exmct role of these ciliates is not known, but they are probably harmlees commensals,
Certain apecies may aid digestion by dreaking down ocelluloss, Further research is nec-
esgary on thie point., The species are listed in Chapter IIT in connection with the pro-
tozoa of cattle,

TREATMENT: Unnecessary,

“dapted from Christensen (19538)
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Olﬁti: SPIROTRICHA
Family: Bursariidas

Balantidium ap.

Hegner (1924) reported finding Balantidium sp. in the intestines of Maryland sheep,
The vegotative stage measured 45 microns long and 33 microns wide {average). This form
is amller than the specles found in man or pige but has a similar morphology. A& funnel-
abaped peristoms 1a located at ons side near the anterior end; the excretory pore 1s pos-
terior. The macronucleus is large and kidney-beaned shaped while the micronucleus ia
emall and adjacent to the macronucleus, This ciliate is probably not pathogenic in sheep.

TREATMENT: Unnecessary,

ORGANISMS OF UNCERTAIN 200LOGICAL CLASSIFICATION
Globidium gilruthi (Chatton, 1910)

Thie paresite was reported from sheep for the first time in the United States by
Margh and Tunnicliff (1941). The organiem was associated with enteritis and severe diar-
rhea, G, gilruthl le usually found in the walls of the abomasum and intestines.

The parasite appears as epherlcal cysts from 200 to 500 microne in diameter, The
cyst has a rather thick wall and contains numsrous sickle-shaped spores approximetely
1.5 by 10 miocrons, The cysts can be observed with the naked eye as minute, opalesoent
nodules under the mucosa, The cyste rupture into the lumen of the inteastine and causes
hemorrhages, In heavy infectlons, symptoms may be produced, such as severe diarrhea,
bloody fecea, loss of appetite and emaclation.

LIFE CYCLE: Unknown

DIAGNOS(S: Diagnosis can only be made on post-mortem observations
TREATMENT. Unimown,

CONTROL: Unknown,

GENERAL REMARKS: This parssite is closely related to the sarcosporidia, It may be a
fungus, The organism has been reported only from Montana and Wyoming.

Toxoplaeme ep

Only cne case of toxoplasmosis has heen reperted in sheep Olafson and Monlux (1942)
reported on & ocase of toxoplasme encephalomyelitis in a shesp from New York The animal
showed nervous symptoms for eseveral days, There was marked dyspnea with some nasal dis-
charge,

At autopay no gross lesions were present. Ruaminatlon of the brain showed encephal-
omyelitis with slight meningitis. The c‘ervical and thoracic reglons of ths spinal ocord
ahowed severe leslons, Theae consisted of marked monotytic perivasoular infiltration,
Cyst-like structures with typical morphology of Toxoplasme were preeent in the inflamed
areas. Occasionally the elongated organiams were arrenged in a row at the periphery of
the cyat with the long axis of the parmaites polinting toward the center, The parasites
appear as round, oval or ejongated forma, They measure from 1.5 to 2,5 miorons in width
and from 2,5 to 3.5 microns in length. A single, eccentrically placed oval nucleus is
about 1/4 to 1/3 the migze of the parasite, The Oytoplasm contsins a few granules.

LIFE cYCLE: Unimown,
ot
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DiAgN08(3: Diegrnosls can be made only upon post-mortem examination and histological sec~
tione of the tissues,

TREATMENT: Unknown,
contaoL: Unlmown,

GENERAL REMARYKS: Much more nesds to be learned about this parasite in domestic animals,
The diseupe ip apparently fatal in animals,

Eperythrozoon sp.

Thie blood parasite has been reported on one ocoasion from sheep in Loulsiana, It
apparently has no veterinary importance in North America. E wenyoni in cattle has been
discuseed in Chapter III,

TREATMENT: Unimown.
Sarcocystis tenslla Raillist, 1886

With the publications of Spindler et al (145, 1946, 1947) the classification of
Barooaporid.ia is uncertain as new evidence now Lndica.tss that Sarcocystis may be a fungus.

The orgarieme invades the strieted muscles of sheep including the ekeletal muascles,
diaphragm and heart, They form Miescher's tubes, slender, elongated sacs which are found
between the muscle fibers. This tube 1s lined with trabeculme and contains many speres,
These spores are somswhat crescent shaped and range from 5 to 15 microns in length., When
these tubules are dissected out and ruptured the spores becoms motile,

Two recent publicatlions by Scott (1943) has summarized the world literaturs on
8. tenells in sheep In Wyoming the infection may be present in 50 to 100 per cent of the
anizala, Since the infection is of a generalized nature the effascts are somewhat ingi-
dious and the condition is not readily dlagnosed. Scott (1943) has seen lambs less than
one year of age with 5,387 sarcocysts per ccm, and in good oondition, He is of the opin-
ion that shsep picking up the infection year after year will finally die because of muscle
destruction, emaciation and anemia

For more details of the life cycle of Sarcocystis the reader is referred to Chapter
V concerning the protozoa of ewine Spindler et al (1945, 1946, 1947) studied the life
cycle in pigs, This work avalts further confirmation in other animals,

TREATMENT* Unknown and probably unnecessary.

Addendum on Globidium

Alicata (1930) gave a brief report on Globidium in sheep. Prior to 1930, the ocour-
renoce of Globidium in the abomesum of American sheep had not been reported. Seven out of
T8 sheep which originated in Indiana were slanghtered and found to be infected. They ap-
peared as small whitish nodules about 1 mm in diameter located in the mucous lining of
the abomagum, The oyat inside the noduls is elliptical in shape and measured U50 to 700
microns in length and 325 to 465 microns in width, The contents of the cyets consists of
crescent shaped sporozoites, 5.5 to 7.5 miorons long and 1.5 to 2 microns wide, later,
other lots of ahsep were lllvghtered. 11 out of 101 sheep from West Virginia anmd § out. of
7@ sheep from Idaho were found to be infectad,
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Chapter V

PROTOZOA OF SWINE

CLABS: MASTIGOPHORA
ORDER: TRICHOMONAD DA

Family: Trichomonadidae

.

Tritrichomonas guls (Gruby and Delafond, 1843)

This parasite was observed by Frye and Meleney (1932) fram oultures of ths feces of
swine, From 63 apeolmens inooculated into oculture media, 47 or 75 per cent were positive
for trichomonads, This organism haa three anterior flagella, an undulating membrane and
a 8lender axostyle, It is quite small measuring from 8 to 10 miorons in length, EKesael
(1928) also observed this parmsite, It apparently has no patMologioal eignificance,

TREATHENT: Unnecessary,
Irichomonas ep.

Hogner (1938) reported on the fi of trichomonads in the facial lesione of a pig.
The animal had & swelling on the right 8ide of the upper jaw, There was a neoroeis of
the underlyfng tisaue extending to the facial bones, Bactericlogicsl examinstion revealed
Peeudomonas pgyocyaneus and Actinomyces. The organisms measured 7 to 15 microns in length
and § to 7 microns wids, The possibility was suggested that the organisms may have in-
habited the mouth and invaded the nscrotic tissue,

ORDER: POLYMASTIGINA
Family: Chilommstigidae

Chilomastix mesnili (Wenyon, 1910)

MOAPI OLOGY: This flagellate is asymmstrical and pear-shaped in the trophozolte stage, It
is rounded at the anterior end and tapers posteriorly, It measures about 10 to 2k microns
in length, The body has a spiral-like twist, Thers are 3 anterior flagella, a oystos-
tomal flagellum which resembles an undulating membrane and one trailing flagellum, The
oval to lemon-shaped cysts are bluish-green in ocolor, Thay average about 8 microns in
diameter,

LIFE cYCLE. The trophoroites live in the mucosa of the large intestine and multiply by
binary fission. The vegetative form becomss a oyst and leaves the host in the feces,

When the encysted form 1e swalloved excystation takes place in the Intestine and one
trophozoite emerges from each cyst.

PATHOLOSY: Apparently this organiem 1s nonpathogenic,

DIAGROSIS: Diagnosis 1a mads by direct microscopic examination of the feces.

TREATMENT* Unnecessary,

QEMERAL REMARKS: Frye and Mslensy (1932) found this paresite in three of 127 pigs examin-

eod for an incidsnce of 2.4 per cent. Ksesel {1928) mlso obaserved this flagellate, This
parasite ocours primarily in man,
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Family: Hexamitidae
Glardis lamblia Stiles, 1915
DISEASE: Giardiesls, lambliasia.

HORPHOLOBY: The vegetative form is & bilaterally symmstrical, pear-shaped organimm, The
anterior end is broad, rounded and tapers posteriorly. It measures from 12 to 15 microns
in length. The dorsal aurface is convex while suctlon disc cccuples the flat ventral
surface, There are two nuslel, two-axostyles and four pairs of flagella The oysts are
oval bodies about 9 to 12 microns long and contain 2 to 4 nuclei,

LIFE CYCLE* The trophozoites reproduce by longitudinal fission. The cysts are awallowed
and exoystation takes place in the small intestine., New trophozoltes are libderated from
the oysts and migrate to the large intestine, Man is the natural host,

PATHOLOGY: Probably nonpathogenic in domestic animals,

DIAGNOSES. Glardial infections may be determined by finding cysta or trophozoites in the
feces,

GEMERAL REMMRKS: This flagellate ls primarily a parasite of the emall intestine of man,
Frye and Melaney (1932) first reported it from a pig in Tennessse. Its distridution 1s
not known.

TREATMENT® Unnecesaary.

CLASS: SARCODINA
ORDER AMOEBINA
Femily: Endamoebidae

Endamoeba histolytica (Schaudinn, 1903)
DISEASE: Amebiasis, amsblo dysentery

MORPHOLOGY. The trophozoite or vegetative form ranges from 15 to L0 microns in diameter,
They are greenish yellow in color, the nucleus is indistinct, The Protoplasm appears
homogeneous except for small diffuse granules, Ectoplasmic pseudopodia move about repidly,
The trophozoites mey contain several red blood cells, The precystic amoeba are colorless,
spherical cells devoid of food vacucles and the pseudopodia are sluggish in movement, The
oyet form 1s quite characteristic. They are round, hyaline-like bodies and measure from

5 to 20 microns in diamster., Usually a pair of dark staining refractive bars are present,
Mature cysts ocontain four nuclei,

LIFE ¢YCLE. The oysts are ingested with food and water. A quadinucleate amosba emergse
and nuolear division forms eight amoebulae. These migrate to the large intestine and de-
velop into mature trophozoites., The active trophozoites divide by dinary fission. The
trophozoites under oertain conditicne become precystic and later sscrete a cyat wall adbout
themselves, and pass out of the body., By rapid divisions the oysts finally contain four
nuclel,

PATHOLOGY: The amoeba first multiply repidly in the intestinal lumen and in about 2 to
8 days produce wlcers in the mucosa. HEiatological changes include thrombosis in the
capillaries, necrosie and cellular infiltration, Diarrhea is a coimon symptom, Secondary
inveders may set wp pyogenic infections in thq intestinal ulcers. Animals vhich recover
zay harbor & low grede infection and bscoms ocarriers, There are appareuntly no imsune re-
sponses to this diseass,
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DIAGNOSIS: A positive dlagnosis of emeblasis depends upon the identification of the
ampsba in the feces. It muat be differentisted from simllar appearing forma,

TREATMENT: Fo treatmsnt iw known for pigs. Some of the remedies suggested for human
\therapy might be tried,
A

CONTROL: Amebimpis 1is primarily e disease of man, Animale becoms infected by human
carriers, careless in their personal habits. Pigs may be a potential source of danger as
a reservolr host,

GENERAL REWARKS: Keseel (1928) was able to infect 7 out of 1k pige with E. histolytioa
from humn sourceas ,Cyste were recovered from the infected pigs at frequent Intervals,
Frye and Melensy (1922) examined 127 pigs for protozoa parasites and found one two-months
old pig infeoted with E. histolytica. The owner of the farm vae also infscted. Generally
this parasite 1s rathsr uncommon in swine. The distribution in domestic animale 1a not
known, It is primarily a disease of man and domestic animels become Iinfected when sani-
tary facilities are lacking

Endamoeba coli (Grassi, 1879)

DISEASE: This amosba is primarily a nonpathogenic commensal which ordinarily lives in
the large intestine of man

MORPHOLOGY: Phe trophozoltes measure about 20 to 30 microne in diameter The pseudopodls
are blunt and granular The nucleua is distinct with a ring of refractive granules The
precysts are 15 to 45 microns in diamster, while the epherical cyste are 12 to 22 microns,
The mature cyets contaln eight nuclei,

LIFE CYCLE: The 1ife cycle is similar to that of E. histolytica After ingestion of the
c¢yete in the food or water the trophozolte foxms are liberated In the emall intestine,
Active trophozoites migrate to the large intestine and multiply by binary fiseion, Under
certain conditions they encyst and are passed out in the feces

DIAGNOSIS: This amosba should be differentiated from E, histolytica by microscopic ex-
amination of the feces

TREATMENT: Unnecessary,

controL* SBimilar to that of E. histolytice

GENERAL REMARKS: Theobald 8mith (1910) reported an amoeba similar to E, goli from pige

suffering from hog cholers, Xessel (1928) also found this parmsite in swine, It 1s of

very little esconomic or veterimary importance Kessel (1928) reported on the experimental

infectlon of hogs with ¥, coll. In a survey of protozoa in domesatlc swine Allcata (1932)

found one out of 35 infected with an amoeba indistinguishable from E, histolytica.
Endamoeba polecki Prowazek, 1912

SYNRONYM: E, suis Hartmann 1913.

MORPHOLOBY: This 1s a uninucleated amoeba which varies in shape from spherical (5 to 12

microns) to slongated forme (15 microns), It resembles the precystic stage of E. his-
tolytioa.

LIFE CYCLE: Unlmown but probably similar to B. histolytica or B. goli,
PATHOLOGQY: Apparantly nonpathogenic.

TREATHENT: Unnecessary,
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GENERAL REMARYS: On the examination of 127 pigs Frys and Melemey (1932) found 80 pigs or
63 per oent infected with E. oki . It bas no soonomic or veterinary importance, -
Alicata (1932) found 15 of 35 D soted with this parasite.

Rodolimax pana (Wenyon and O'Connor, 1917)

MORPNOLOGY: The small vagetative or trophoroite form measures from 6 to 15 miorons, The
preudopodia are broad and blunt, The nucleus is indistinct in the living animal but when
stained it shows a large ecoentrio karyosome. The precystic amosba 18 a gpherical body
abbut 5 to 14 miorons in diamster., The cysts are oval, thin walled and measure from 8 to
10 miorons, Mature oyets have four nuclsi, usually olustsred at ons end.

LIFE 6YGLE: Similar to E. coll. The trophozoites multiply by binary fimsion, the cysta
by nuclear divigion, The mature cysts probebly produces only four nev amosbe after ex-
cystation,

PATHOLOGY: Nonpathogenlc in the largs intestine.

piAcnosiS: This amosbe is identified by microscopic examination of the feces, The small
sige, with oval four-nucleated oysts ere charecteristlo,

TREATHENT: Umnecesszery.

GENERAL REMARKS: Frye and Meleney (1932) found 7 out of 127 pigs infected with this
anosba (5.5 per cent). From 35 pige examined Alicata (1932} found only one pig infected
with cyste indietinguiehable from £ nana.

Iodamosba butschiil (Prowazek, 1912)

Srxonvm: I, suis, O’Connor, 1920,

MORPHQLOGY: This amoeba in the trophozoite stage measures from 5 to 20 miorons. The
short pesuwdopodia move about very slovly, The stained micleus contains a characteristic
imryosoms, The precystic amosba is about the sams size as the trophozoite. It forms a
single nucleated cyst about 5 to 14 microns in diemeter,

LIFE ¢YCLE: The life cycle 1s not completely kmown. It probebly is similar to other
oyet forming emoeta. The trophozoltes multiply by binary fiesion, A eingle amoebs
emorges from the cyst.

PATROLOGY: Konpathogunic in the large intestine,
DIAGNOS1S: This amoeba ir readily identified upon microscopical exmmination of the fecea,
TREATMENT: Thinecessary,

GENERAL RENARXS: From 127 pigs emmined in Tennessee 31 or 2k per oent were positive for
Iodomeba probably I, butschliis according to Frye and Meleney (1932). Allcata (1932)
found G cases out of 35 infeoted with cysts 1ndistinguishable from I, butechlii,

CLASS: SPOROIOR
ORDER: COCCIDIA
Fandly: Eimerildae

Porcins Coccidiosis

There are at least:five gpecies of the genus Eimeria and one speciss of Isgspors
whioh infeot ui.na Forth America, These Brorogos inwds the epithelial celim of the

[ minl; the la.rp intestine, The different species found in swine are
on folloving :

i '
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Eimeris perminuta Henry, 1931

Oooysts are emsll and range from 11 to 16 microns in length by 9 to 12 microns wide,
The shape varies from ovoidal to espherical, The wall is rough and yellow in color,
Sporulation requires about 11 days,

Eimeris gpinoss Henry, 1931

Ooccyete range between 16 to 22 microns long end 12 to 16 microns vide, The shape is
typically ellipsoldsl, The walls are yellow in color and studded with spines about 1.0
micron apart, Sporulation time is about 12 days.

Eimexia scabra Eenry, 1931

The oocyste measure between 22 to 36 miocrone long and 16 to 25 microns wide, The
well is 1,0 to 2,0 microne thick, with & rough surface and brown color, The ghape varies
from ellipsoldal to slightly ovoldal, Sporulation requires from 9 to 12 days

Eimsria deblieck]l Douwes, 1921
SYNONYN: Eimerism suip Noller, 1921,

The oocysis are varlable in size ranging from 12 to 30 microne long by 12 to 20
microne wide: Thelr shape 1s primarily ovoldal., The well ir smooth, colorless to brown-
ish, A micropyle is not present, Sporulation requires from 7 to 9 days

Eimeria scrofse Galll-Valerio, 1935

Only a brief descriptlon 1s avallable for this coccldlum, The ococysts are cylin-
drical and measures 24 microne long by 15 microns wide A micropyle is present.

Biester and Murray (1929) were the first to study extensively porcine coccidioeis in
in the United States Becker (1934) summarized the literature on coceidiosis of pigs.
Although the dimease has been overlooked in the past, coccidiosis mhould be kept in mind
when making e diagnosis, The two moat pathogenic species appear to be E, debliecki and
E pgoabm,

LIFE CYCLE® Oocysts are passed out in the feces and sporulate under favorable conditions
to the infective stage (sporulated oocysts) from 7 to 12 days, The infective oocyst con-
tains four sporocymsts each which carry 2 sporozoites for a total of 8 and are swallowed
with the food or water The sporozoites are liberated and each enters an epithelial cell
of the large intestine, BEach sporozoite becomes an active trophozoite and enlarges to a
spherical schizont which fills the cell, The schizonts in turn form merozoltes, When
the cells rupture the motile merozoltes enter new epithelial cells and the asexual cycle
is continued for several generationa

After seversl generations, the merozoltes develop into male and fomale gametocytes
to start the sexual cycle The microgametocytes fertllize the macrogametocytes which
form zygotes or ococysts,

PATHOLOBY: DBiester and Murray (1929) found that on experimental infections in pigs by
feeding heavy doses of sporulated oocysted produced severe diarrhea, emaclation, conetipa-
tion and death, Pigs which did not die were pot-bellied In many cames the walls of the
large intestine became thiokened, Bloody diarrhea was never observed, Heavy infeoctions

cause a loss of the surface epithelium of the large Intestine, Allicata and Willett
{1946) found that experimentelly infected pigs had & loss of appetite, diarrhea lasting
from 7 to 11 days and mads no weight gaina Heavy infectlons mey also interfere with
digestion and abeorption of food and water. Some animels recovered spontansously while
others remained psrmanently weak and unthrifity.
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TRANSMISSION: Blester and Schwarte (1932) found that oomplete immmity was produced in
pigs by feoding oocysts dally for a period of 100 days or mors, Partisl immmnity was
noted with light Infections, Adult plgs may become carriers and shed ocooysts in their
feces continually in smwall mumbers Eimeria from pigs are not infective to other animals
and the reverse is aleo true, The disease ls trahsmitted by ingestion of infective
ococysts of porcine origin,

DIAGNOSIS: Diagnosls depends upon finding the cocysts by microscopical examinatioa,
Freahly discharged feces should be collscted. Oocysts may not be present in the feces
al the firet symptoms. Two or three days later the orgeniems may be present in large
numbers,

COMTROL. The control or prevention of clinical porcine coccidiosle must be considered
from the standpoint of immune (carrier) enimals and overcrowding Senitary precautions
should be made to prevent young pige from eating large numbers of infective oocysts,
Daily removal of manure and contaminated bedding 1s good sanitary practice. Isolation of
young stock ig helpful. All feed should be glven in troughs to prevent contemination
with the feces,

TREATHENT: Many drugs have been tried for curlng porcine coccidiosis with littls effect,
Most remedles act as an astringent on the intestinal mucosa Soms cases cure spontane-
ously. No specific druge are known Biester and Murray (1933) obtained negative results
with collodial iodine., Alicata and Willett (1946) inhiblted the production of oocyste
and prevented the symptoms of coccidlosis caused by E. debliecki and E scabre with sul-
faguanidine. The treated pigs received the drug in their feed at the rate of 1 gram per
10 pounds of body weight, In the prophylactic treatment the drug was given two days be-
fore experdmental infection and contlaned for 7 to 10 days  In the cuwratlirve dose the
drug was administered for three days starting with the sectnd day of oocyst discharge

GENERAL REMARKS: Swanscn and Kates (1940) reported on a case of coccidiosis in a litter
of 9 pigs.

Avery (1942) found that the oocysis of E debliscki and E scabra could survive and
become Iinfective after 15 months in soll Infacted plots were tested at intervele of 4
to 8 weeks by maintaining for a period of 3 daye a pig that had been raised coccidie free.
Infactions aoquired from unghaded plots were lighter than those acquired from shaded aresas.
Temperatures of the surface soil of the two plotes ranged from - 400 C to -4.5° C, Un-
sporulated oooysts of B, debliecki and E, spcabra cultured in tap water were exposed to
(1) & temperature just sbove freezing 6 to B0 C,, (2) alternate freezing and thawing at
0.5 to -3 C,, (3) continuous freezing -2 to -7° C, After 26 days the various cultures
wers “xamined and the percentage sporulation ascertailned Control cultures shoved 935 per
cent sporulation while none of the three types of cultures had sporulated, The cultures
were then maintained at room temperature for 14 deys end re-examined, The sporulation of
the three groups was 85 per cent, 67 per cent and 55 per cent, respectively

Iscapore suis Biester, 193k

HOAPHOLOSY: The cocyste in freeh swine feces are subapherical in shape and measure 22
microns long by 19 microns wide. The double wall of the oocyst is yellow to brown in
color, No micropyle is visible,

LIFE CYCLE: OQOocysts after being expelled in the feces aporulate undsr favoreble condi-
ticns in about 4 days. The sporulated oocyst containa two ellipsoidal eporocysts which
harbor 4 eporozoites each. The remmining portion of the oycle ie similar to Eimeria.
From the time of ingestion to the time of the firmt oocysts {prepatent period) requires
m to 8 dm. W

¥
PATHOLO®Y: Experimentally infeocted pigs showed a diarrhea on the sixth and seventh day,
Diarrhea is followed by constipation. The small intestine is the primary.aite of the in-
faction, Histological éhservatlon reveals a subepitheliel ama interstitiel inflammation,
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Typical purfacs desquamation is common accompanied with a hemorrhagic condition of the in-
testine, The disease apparently im not fatal but producea an alteration and destruction
of the intestine to retard growth,

DIAGNOS{S: Diagnosis depends upon finding the characteristic oocyste in the feoss. Fur-
ther examination of aporulated material for epecific {dentification will ald in making &
positive dlagnosie,
TREATHENT: TUnknown.

COKTROL: BSenitation as given for Eimeria,

GEMERAL REMARKS. This species of coccldie has been reported only from Iowa but probably
ie more widespread in 1te distribution.

KEY TO 00CYSTS OF EIMERIA FOUND IN SWINE

1l Oocyst with micropyle _ _ - . — e [OOSR G -1

Cocyst without micropyle .. . . .. . . . e e e e e e LD
2. Oocyst 24 microns long and 15 microns wide, cylindrical - - B. scrofee
3, Oocyat with smooth wall e f e e e e 2 B

Oocyst with rough wall _ . 5
4  Oocyet 12 to 30 microne long by 12 to 20 microns wide, oval in

shape ... - - e R . . . E. dedbliecki
5 Oocyst with prominent spines, 16 to 20 microns long by 12 to

16 microns wide, ellipsoidal, oocyst brown R E. spinosa
6 Oocyst 11 to 16 microns long by 9 to 12 microns wide, yellow

oocyst wall . .. - - e E. perminuta

Oocyet 22 to 36 microns long by 16 to 25 microns vide,

yellow oocyst wall . _ . ... . . - R - - E, scabra

OROANISMS OF UNCERTAIN Z0OLOG!CAL CLASSIFICATION

Sarcocystis miescherisne Kuhn, 1865

Parssitic forms grouped in the genus Sarcocystis are usually found in the striated
muscles of mamals, birds end reptiles, The elongated forms are lnown as Miescher's saos
vhich are divided into compartmenta, The compartments contain orescent or banana-shaped
spores kmown as Ralney's corpuscles. Untll recently thase parasitss have been mhried
with the Protorzoa.

Dus to the excellent work of Spindler and Zimmerman (1945), Spindler st al (1gh6)

and Spindler (1947) it appears that Sarcooystis belongs to the fungi insteed of the Pro-
tozoa,



PLATE XV
COCLIDHA OF SWINE

Eimeria debliekl Eimeria scabra

Ewmeria perminuta Eimeria spinosa

Isospors suls
(Undergelng sporulation)



PROTOZ0A OF BWINE 5

Spindler and Zimmermen {194%5) removed aseptically from the muscles of awine esveral
Misacher's sacs, ruptured and inoculated them in sterile dextrose cultures and inoubated
at 370 C, for EfA houra and subsequently at room temperaturs. After two weeks the spores
budded off minute cocceld bodles which developed by budding, septate myocslium with verti-
oal hypbae bearing spores., This fungus has been tentatively identified as As illue ep.
Twenty-Lfive of 50 pigs Injocted or fed material harvested from cultures, after E to 6
montha, harbored typloal sarcocysts in their muscles. The control animals were negative,

Pigs, rats and mice fed sarcocysts passed yeast-like bodles in their urine or feces,
These bodies, when cultured produced a fungus like the original material cultured from
sarococyste, Mioe showed these bodies in the kidneys, rats and mice contained clumps of
fungl attachsd to the walls of the 1leum and cecum

In a later investigation Spindler et al (1946) fed pork infected with sarcocycsts to
pigs, dogs, cats, rats, mice and chickens, They eliminated with their feces a.nd/or urine
a stage that 1s infective to awine if after ingesting such feces or urine, Infection was
acoomplished by feeding feces and urine eliminated subsequent to 1% days after the infect-
sd pork was eaten, Plge fed infected muscle did not acquire the infection unless they
ingested thelr own feces,

Symptoms observed in awine after eating Infected muscle included vomiting, diarrhea,
lack of appetite and temporary posterior paralysis, These same symptoms were noticed in
pigs fed infective urine and feces, Infections showing 4O or more sarcocysts per gram of
diaphregm tissue showed unthriftiness and stiffness of the muscles Lesions found at
autopsy wers enlargemsnt of the kidneys and hyperemla of the stomach and intestinal mucosa,

Further evidence that Sarcocystis is really a fungus was shown by Spindler (1947).
Hiatological sectiona of Miescher's sacs revealed that the sacs contained a network of
Jointed, hyrha-like structures. These structures gave staining reactions characteristic
of fungl, Ralney's corpuscles appeared %o be exogenous growths on the Jointed hypha-like
gtructures, From this work 1t 1s concluded that the sarcospordia found in swine 1s a
fungus, The species nams has not yet been determined,

Alicata (1932) in a study of an incidence of protozoa in 180 California hogs fed gar-
bage revealed 135 infected with Barcocystis. This may account for pige becoming infected
by feeding on garbage containing infected flesh

TREATHENT: Unnecessary.

CLASS: CILIATA
ORDER: SPIROTRICHA
Family. Bursarlidae

Balantidiuwn coli (Malmsten, 1857)
SYRORYM' B puis, McDonald, 1922,
DISEASE: Balantidiasils, balantidlosis,

WORPHOLOBY: The trophozolte measures from 30 to 150 microns in length to 25 to 120 mi-
orone wide, It im ovold in shape and greylsh-green in color. The entire body is covered
with a deliocate pellicls which bears spiral longitudinal rows of cilie which arise from
granules in the sctoplasm, At the anterior end there is e narrow triangular peristoms
which leads to the cytostome end the oytopharynx, At the posterlor end 1s an indistinct
exoretory pors oalled a oytopyge. There 1s a kidney-shaped macronucleus and a small
gpherical micronucleus, Cyst formation is apparently for protection rather than reproduc-
tion, The trophozoite secretes a wall and rounds up in a quiesdent oyst stags. They mea-
sure about 45 to 65 microns in diamster



LEY 1oy N 4 -
Vool L

L VETERTANKY PROTOZOOLUSY

o

LIFE ¢YCLE: The trophozolta reproduves by trensverse binary fission. Conjugation has
been veported, The trophozoitss 1ive in the micosa of° the large intestine, Under ocertain
oonditions oyste are formad and become numercue in the rectum, When ingested the oyst
wall dissolves and the trophozolte invedss the mugosa and multiplies iIn the tissuss,

PATHOLOBY: This parasite produces a mild colitis with dlarrhea in man but apparently ile
not very pathogenic to swine. When large numbers of balantidis are found it usually is
aasscolated with other dysentery-llke diseases,

DIAGHO31S: Dilagnosis depesnds upon the acourate identification of motile trophozoltes or
oyste found In the feces, '

TREATHENT: Unnecessary,

PREYENTION AND CONTROL: B, coll 1s a common parasite of swine, incidences of 68 to 75
per cent have been reported, Since the pig is the chief source of human infectiona it
becomes a public hsalth problem, Adequate disposal of plg manure is essential, The use
of bog manure for fertilizing truck crope should be dlscouraged. Individuals working in
glaughter-houses or persons coming in contact with swine should bs instructed in metters
of personal hygiene, Contamination of water supplies may be reduced if sanitary precau-
tions are taken for the animels.

GENERAL REMARKS: Thie organiem 1e the most common parasite of pigs since nearly all pigs
barbor & few organisms in the large intestine, Alicata (1932) found B. coll from 12 out
of 35 pige. Bay (1937) 1a of the opinion that B, coli 1s a defin¥te pathogen in swine,
More work 1s needed to confirm this observation
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PROTOZOA OF THE DOG AND CAT

CLASS: MASTIGOPHORA

ORDER: POLYMASTIGINA
Family: BHexemlitldas

Giardia oanis (Bsgner, 1922)

MORPHOLOGY: This form 1s charaoterized by being billaterally symmetricel, poesessing two
nuclel and is rounded anteriorly and pointed posteriorly. There ia a dorsal convex
surface and a flattensd ventral surface, although there 1s ventral sucking diec with
ralsed margine covering mwost of this eree, There are olght flagells, four arising from
the wargin of the sucking diso, two from the posterior end of body, and two from about
the median notch of the sucking diec. The trophozoite meesure 11.9 to 17.0 microns in
length by 7.6 to 10.2 miorons in width, averaging 13.8 microns long and 8.5 microns wide.
Characteristic ovoidal cysts ere produced which measure 9.4 to 12,7 microns long amd 6.8
to 8 9 microns in width,

LIFE CYCLE. The 1ife cycle of thie perssite is direct, with the cysts transmitiing the
infection from one host to anothsr, The parsaite localizes in the duodenum and Je junum.

BENERAL REMARXS: The importance of this paraslte 1s not known at the present time, how-
ever, it is probable that G. canls may be the cause of sows of the diarrheas of undeter-
mined etiology in the dog. Catcott (1946) has found the organism in 17.7 per cent of &
series of dogs examined in Chio, and in one third of these ¢ases there wers symptoms of
enteritis characterized by diarrhes, It has been shown by ssveral inveatigators that
diet will effect infections with this parmsite as well as other intestinal flagellates.
A high carbohydrate dlet 1 much more favoratle for the developmsnt of G. canis than ia
a high protein diet, -_—

TREATMENT: Treatmsnt has not besn studied to any extent in the control of this infection
in doge, however, it would be expected that atebrin may successfully control the infec-
tion, as has been shown in man.

Glardis felis Hegner, 1925

MORPHOLOGY: Thie epscies 1s very similar to G canis in the dog. Further study may
prove it to be synonomous with G catl Deachiens, 1925. Giardia felis is morphologleally
gimilar to the species found in dogs The trophozoites measure 10.5 to 17.5 microns in
lsngth by 5.25 to 8.75 miorons in width aversging 12 66 wicrone long end 6.6 microns
wide, The cysts are 10.5 microne long and 7 35 microne wide,

Ths importance of this organism 1s unknown, Further study must substantiate the
specifioity of this form from that of the dog as well as its pathogenlcity in the cat

TREATMENT: Upnknown.

ORDER: TRICHOMONADIDA
Family: Trichomonadidae

Pentatrichomonss hominis (Davains, 1860)

SYNONYM3: Trichomonas hominie (Davains, 1860), Trichowonas felis Cunha and Munir, 1322,
Eigmpm! Aloxeleff, 191l, Pentatrichomonss ozuls swrl Chatterjee, Harendranath
ra, 1929, Trichomonas ardin dslteiil Derrieu and Reyosud, 191k,

-T7-
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Toxoplasms sp. Pabesia canls
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I.iti‘:la 1s known sbout the intestinal trichomonads which ocour in doge and cets in
the United States. Bruce (1941) reported e ocmae of intestinal trichomonimeis in a PUPRY
from Kansas. The aniumal was poaitive for distemper inclusion bodies,

Reocent evidence, both experimental and morphologioal, suggeste that the intestinal
trichomonad from man (P. hominis) is similar to the forms found in monkeys, cats, dogs,
foxes, rate and squirrels, seel (1928) desoribed expsrimental infestions of kittens
vith trichomonads from man, monkey and rat. Simic (1932) trensferred P. hominls from
nan to oats and dogs; from oats and dogs to man, and again from man, cats and doge to
dogs. Brumpt (1936) conoluded the trichomoneds from the cet, dog and wan were similar,
Simio (1933) demonstrated that T. parve of rata may be transferred readily to oat, dog
and men and conoluded that T. wad 1dentical to P. nominis. Thia wes confirmed by
Hegner and Eekridge (1935, 1937).

All of these forms possese from 3 to 5 anterior flagells with 5 predominating. The
d1fficulties in aacertaining the exact number of flagella has been discussed by Kirby
(1943) and Wenrich (19k4). More atudy is needed on the trichomonsd relationships in cate
and dogs.

TREATHENT: Unimown.

Trichomonas canigtomae Hegner and Ratcliffe, 1327

This speciee has been recorded from the mouth of dogs in Maryland., It posseeses
four anterior flagella, ons trailing flagellum which passes &long the margin of the un-
dulating membrane. The body is pyriform. The aversge length 1s 9 microns and the width
1s 3.4 miorons No oysts are known for this species

TREATMENT* Unknown, probebly unnecessary.

Trichomonas felistomas Hegner and Ratcliffe, 1927

This speciss has been observed in the mouth of cate in Maryland. It is very eimilar
to T canistomae The average length is 8.3 microns end the width ie 3.3 microns.

Further study is required concerning the apecificity of these two spscles ae well as
their pethogenicity. At the present tims they are considered to be harmlsaa.

TREATMENT. Unknown, probably unnecessary,

CLASS SARCODINA
ORDER* AMOEBINA
Family: Endemoebidae

Endamosba histolytica (Schaudinmn, 1903)

This parasite has besn found in the dog in several parts of the United States in
natural infections Both the dog and cat have been used in experimental infections.
Bowever, 1t 1s probably an unoowmon parasite of the dog in this country and does not
coocur naturally in the cat,

The trophozoites of E. histolytica are usually 20 to 30 miorone in diemeter, but
sither smaller or largsr forme mey oocur. Pssudopodia are formed with a charmoteristic
exploeive violenoe when freahly passsd in the etool. The cytoplasm of the peeudopodia
are clear when first formed, but the granular cytoplasm rapidly flowa into them. Red
blood cells way often be found in ths cytoplasm, & characteristic not found in csrtain
other amosbe. The motility of thia form is only @seen in the fresh stool, after being
sxpellsd from the body for a short time the amoebas become aluggish and difficult to dia-
tinguieh from nonpathogenic forms. Cysts are passed in more chronic cases and are usually
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found in the formed stool. ThHey vary in diameter from 5 to B0 miorons, and are
usally oval in shaps. Four nuolsi are present in the mature oyst. Thers {s a small
central karyosoms, whioh has a fine ring of chromatin granules on the inmer eurface of
the nuolsar membrens. ‘Chromatoidsl bodies may be grement.

Cysts of thia parasite will not be detected by the usual methods of concentration
with eodium chloride, sugar or sodium nitrate,

In man, this paresits produces amsbiasis which frequently has serious consequences.

TREATHENT: HNo treatment 1e known for dogs. Soms of the remedies suggested for human
therapy might be tried.

CLASS: SPOROZOA

ORDER: HAENOSPORIDIA
Family: Babesiidae

Bebosia canle (Plana and Galli-Valeria, 1895)
SYNONYNS: Piroplagms canis.
DI3EASE: Canins piroplasmosis, canine babesiasis.

MORPHOLOBY: B. canis 1s typlcally a pear ehaped organism, 4.5 to 5 microns in length,
pointed at ons end and round and bulbous at the other. The nyclsus in stained f£1lma 1a
s (ssply appearing gramule locaied psar ths polnted snd, and sytsnding fyom it to the
roundsd end is & fine string of granules. There is generally a vacuole in the oytoplaam.
Although the organiem is typically pear shaped it may bs obaerved in a number of forms
depending largely on ite state of reproduction. In many instancee multiple infections of
from fowr to 16 permsites may be seen in & singls cell,

LIFE CYCLE: The life oyole of B. canls in the United States has not besn carefully
studied, largely due to its uncommon occurrence. However, it 15 probable that B. oanis
10 eimilar to the form desoribed from cattle. It is suapected that the ticks -
BRhipicephalue W and Dermacentor variabilis act as vectors. The oyols in the
¥ick hae been studied by Christopbers (1907) in India.

SYuprons: In aoute cases of cenine piroplasmosis there is a high fever, progresaive and
warked ansmia, 2 history of tiock infestation, jJeundice and hemwoglobinuria usually termi-
nating fatally. B. canis may usually be omsily demonstrated in blood eweers from euch
enimls, Eowever, this 1s not the type of infection which bms bsen encountered in the
United States. Here the symptoms are often vague, but over a period of wesks there is
obdserved a general weaknsesd, anemia, slight loterus of the sclere, intermittant fever,
enlargemsnt of the eplsen and often a cough, Ticke may usutlly be found on such animals.
Those cases termlnating fatally develop & jemundice and hemoglobinuria. It ia diffiocult
to demonstrate any parasites in blood smeara taken from these chronic cases. Red dlood
calln are reduced and lsucocytes saxre greatly increased in numbper.

PIAGNOSI3: The only certaln method of meking » diagnosie in mwany osses is ths injection
of Ylood from the suspsoct into a susoeptible dog, preferadbly an adult dog. (Splsnectomy
of the test dog will help to dsmonstrats the organisms in ths plood streem.)

PATEOLOGY: Post-mortem exemination of dogs whioh have died will show Jaundice of the
interml orgens. The splown and liver are enlarged amd the kidnsye are swolisn and con-
oerted, The wrinary bladder is distended and may comtaln greenish or red colored wrine.

TREATMENT: Trypan blue has beer used sucoessfully for the treatment of canine piroplas-
), el more recently trypaflavine {gonsorine) snd Acepring (Beyer). Trypen blus te
stered as a 1 to 2 psr oent sdlution, The dys is triturated in a wmorter, mmde up

# *
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1o the desired percentage, filtered and autoolaved at 120° C for 20 minutes, An intra-
venous injeotion of 5 to 6 co. for an average sized dog is recommended. Treatment ay be
repeatsd in 24 hours if necessary. The mucous membranss and skin will takes on a bius
color after treatment, but this will gredually disappear, Trypaflavin is adminietered
at the rate of 0.3 cc. of a 2 per oent solution per pound of body weight.

CONTROL: The status of oanine piroplasmosis at the present time makes control di#inult
sinoe the veotors are unknown., However, eny procedure to reduce the tick and blood suck-
ing arthropod population will undoubtedly serve to lower the incidence of the diseasge.

R. sanguinsus {brown dog tick) has been inoriminated as a vector,

GEKERAL REMARKS: Canins piroplasmosis is not widely recognized in the United States,
having been reported from Florida By Eaton (1934) and Sanders (1937) end possibly from
Toxas (Merends, 1939).

ORDER: COCCIDIA
Femily: Eimeriidae

Genus Isospora Schneider, 1881

The genus Isospora is characterlized by posseseing, after sporulation, two spores,
each containing four sporozoites. This 1 in distinction to thes genus Eimeria vhich
possesses four spores, each with two sporozoites.

Isospora bigemina {Stiles, 1891)
SYNONYMS: Coooldium bigeminum Stilss 1891.

DISEASE: Canine coccidiosls.

The oooysts are apheriocal to ovoidal in shape with no indicatlon of a micropyle.
They occur in two slze rangea, vhich may represent two specles, dut at the preasent time
are considered to be one, It ia of intereet to note that unsporulated oooysts ere only
passed during the soute stagee of the infeotion, sporulated ocoysts or aingls sporss are
passed at other timss. The small race messures 10 to 1l microns in length and 7.5 to
9.6 microns in width. The sporee ars 7.5 to 9 miorons in length and 5 to 7 microns in
width, The larges race msasures 18 to 20 miorons in length and 1k to 16 microns in width,
Intermediats forms between the small and large races ocour. In & singls infaotion it is
common to bhave either the small or large race, but not both, In the chronic forms in
which the sporulated oocyst is paseed, the cocyst wall appeare very delicate and 1s cloze-
ly vrapped about the apores.

LIFE CYCLE: In the chronic form of the dlseass the gporulated oooyst 1s passed in the
foces and is apparently immediately infeotive to other animals, In the acute etages,
however, only the unsporulated oooyste are passed and theae require approximately 96
bhours outaids the body of the host to becoms infeoctive, Infection occurs by the inges-
tion of the sporul=ted cooyst by the dog, cat, fox, mink and probably other closely re-
lated carnivores. The sporozoitee are liberated and penetrate the tissues of the small
intestine, Further dsvelopment may take place in eithsr the epithelium or aub-epithelial
tiesuea of the villi, however, furthsr clarification of this cycls in the dog 1a required.
It is probabls that the early stages ars found in the epithelium, as Wenyon and Sheather
(1925) found thees ocelle in the small intestins filled with parasites during the early
scute stages of the diseass, but found none in the sub-epithelial tiesues. The schigonts
vwhich oocur in the epithelial tiscuss are smallsr than thoss found later, aas are the
soxual stages. The unsporulated cooysts are liberated in the feoes six to seven daye
after infection, JMurther asexual developmsnt and the produwotion of sporulated oocystis
coours in ths sub-epithelial tiamues.

TREATHNENT:  Unimown,
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Isospore fells Wenmyon, 1923
SYNOWYNS) Diplospors bigemina Wesielswaki, 1904.

The cogysta of this speciss are oval or sgg-shaped and measurs 39 to i8 microns in
length and 26 to 37 mlorons in width, with most of them msasuring about 45 by 33 misrcone.
The oocyat 18 pmesed in the feces in the unaporulated form.

LIFE CYCLE: After the ocoyst im passed in the feces of infected dogs, oats and other
closely related carnivores approximately 96 hours i1s required for sporulation and the
development of infective cocysts., The apores measurs 20 to 27 microns in length by 18 to
21 mioroms in width., Infeotion ooours by the ingestion of the sporulated oocyst. The
lUberated sporczoites penestrate the epithelial ¢ells in the smell intestine and to some
extent the oecum. Subspithelial forms do not occur. The schizonts, macrogametocytes
and mlcrogawetooytes retain an elongate greogariniform character to a rather late stage in
their growth. The oocysts vhen they are formed in the tlasues do not have the charagter-
igtic resistant wall, this developing after passing into ths lumen.

TREATMERT* Unknown,
Isogpora rivolta (Grassi, 1879)

The oocyst of thla species is egg shaped, much like that of I. fells, but smaller,
measuring 20 to 25 miorons in length and 15 to 20 microns in width. At the pointed end
a micropyle may sometimes be seen. The ococysta are usually unsporulated when passed in
the feces, but ocomslonally sporulated forms ooour, thue, apparently being intermsdiate
betwsen I. bigemina and 1. felis

LIFE CYCLE: When the oocysts are passed they are usually unsporulatsd and thue not in-
fective, Sporulation requires approximately 96 hours. The spores measure about 16
microng in length by 10 miorons in width, Infection takes place by the ingestion of the
sporulated ococyst. Dsvelopment of the organism takes place in the epithelium of the
small Intestine and 18 gensrally similar to I. felis, although in this species oocasional
desvelopment 1n the sub-epithelium may occur,

Canins and felins coccldioeis

SYMPTOMS: At the present time the aymptomatology of coccidiosis in the dog and cat can-
not be desoribed by species, but is considersd gsnerally similar in each form. The
predominent symptoms of coccidiosie in eesvers cases are a bloody diarrhsa, reapid pro-
greesive emaciation, ansmia and gensral weakness. Symptoms usually occur on the fifth
to sixth day After infection and are introduced by a catarrhal diarrhea which becomes
bloody in about two days. Oooysts will usually be found in the faces five to six days
after the infection. The animal is deproseed, weak, loses of appetite and there may be a
rige in tempsrature., Musoular tremore of the posterior limbe may be observed. Cococidi-
osies may oocasionally be confused with distemper. If the animal rscovers the bloody
diaxrhea glvee way to mucdus passages after two to four days, and most symptoms disappear
oentirely in & veek to ten days efter symptoms wers initiated, It should be noted that
many doge pase cocysts but are apparently in perfect hselth. Thess carrier animals
apparently do not suffer themsslvese but are of importance in the trunsmission of the
digease to other duga. Animals which recover from coocidlionis are relatively reeistant
to further infection.

PATHOLOSY: The changes oscurring ian cocclidlosis are primarily coufined to the smmll
intestine. A hemorrhagio emteritis, frequently with ulseration ooours throughout the
smnll intestine in severe infeotion. Theee lseions are most severe in the lower ileum,
lass o0 in the jJejummm andl least in the duodemum. The hemorrhage varies from petechia
in light infections to diffuse In acute infections. The muoosa is thickensd and there
may be vidsepreud desgquamhtion of the epithelium, In recovered cases, anid in those vhioh
have undergone repested infections, there is en excessive amount of connective tilasus.

= * -
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D1ABNOS18: Diagnosis 1s dependent upon recovery of oocysts in the feces, However, a
diagnosis of clinioal coccidiosls must also take into oonsideration the symptoms of the
infectad animal, Many dogs will harbor ocoocoidia without being vieibly affected,

TREATMENT: There ie no treatment for coccidioeis in the dog or cat. Since the disease
vill usually run ite course and snd rathsr.rapidly in elther death or reocovery, various
drugs have frequently been given credit for the recovery. Careful nursing, supplesmsnted
with injectione of dextrose and blood transfusions are useful, There are no sulfonamides
which have besn oarefully tested, although it is poseible thet sulfadiazins or sulfe-
merazine way have some value if used very early in the course of the diseane.

COMTROL: The prevention of coccidiosis in doge and cata 1g very difficult, Due to the
fact they are frequently allowed to run freely, the acquisition of infection becomes
entirsly a mattsr of chance. Kennsls should be kept clean in ordesr to reduce the inteke
of cocysts to a low level,

GENERAL REMARKS: Coccidiosls in the dog hes bsen shown to be quits common in the United
States, Hall and Wigdor (1918) reported an incidence of 7.5 par cent in Detroit, Michigsn,
Lee {193L4) found 13.8 per cent in Iowe, Gaeener (1940) found 79 per cent in Colorado and
Catoott (1946) found 10.6 per cent inm Ohioc It 1s of interest to note that in Geasner'e
report the incldence of the three aspecies was as follows: I. fells 6 per cent, I.rivolta
20 per cent and I. bigemina T4 per cent with multiple infections occurring in some doge.
Catoott's roport on the same speciee wae 3.5 per oent, 4,45 per cent and 2,6 per cent,
regpectively.

Cocoldiosie in the dog, as in other species of animale, 1# & self limiting infection.
Infections which penetrate deeply into the mucosa such as I, bigemina seem to produce a
greater resistance to reinfection than do the other superficiai infeotions of I. falls
or I. rivolta. However, infection with all three species will produce a resistance
agaeinst reinfection.

Eimsria canis Wenyon, 1923

This parasite is apparsntly rare in the dog and has only been seen in the oocyst
gtage. The oocyst measures 18 to 45 microns in length by 11 to 28 microns in width, It
is ovoldal in shape end has a fairly thick wall, often covered with a rough membrans
vhioh tends to seperats in fragments from the oyst wall proper. A small micropyle is
present and the oocyat mey present & pink color. Three to four days ie required for
sporulation. Skidmore and McGrath (1933) reported the occurrence of this parasite in
Nebrasks dogs.

TREATMENT  Unknown.
Eimsria Pfelina Nieschulz, 1924
Thie apecies has been described from the cat snd only the cocyat bas bsen reported.
It has not been reported in the United Statee., Ite main difference from E. canis was the

lack of the rough outer membrans and they wers colorlsss. However, Skidmore and MoGrath
(1933) demcribed colorless oocysts of E. canis in Nebraska,

TREATHENT: Unlknown.

ORGANISMS OF UNCERTAIN ZOOLOGICAL CLASSIFICATION

Toxoplasma sp.

Olafeon and Monlux {1542) reported the first csses of toxoplasmoeis in dogs in the
United States (New York). Symptoms varied bub in general there is gradual emeoiation
with snlargement of the lymph nodes, Dyespnea vas a common symptonm. Bloody diarrhea

B
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ocossionally occours, The enlarged mesenteric lymph nodes ars inflamed with edems and
hemorrhage of the edjacent tissuss. Nodules ooour in the lunge end intestines, Neorotio
areas of the liver and spleen may ocour. Whersver the organisms are found there is soms
esosinpphilio infiltration. Ths dleease, is ususlly fatel in dogs.

In fresh preparations of the various tissues (lungs, liver, muacle, brain, kidney)
the organism appears as an slongated structure with pointed ends Steined films show
oval or pear shaped bodiss, These bodies average from 2 to 4 microms in size., Motility
and flagella have not been observed in fresh material, In tissuee these organisms may be
found singly or in groups inside a cyst-like sac. The method of reproduction is by some
weans of longitudinal divieion and 1s thought to ocour intracellular, When the host cell
dies the parssites are releaped.

Only one case hes besn described from cats in the United States. According to
Olafeon and Monlux (1942) the symptoms and lesiona wers similar to those found in dogs.
However, the dlsgnosla vas based on the lesions and demonstration of typical parasites,

The pathogenicity was not proved., Thers was & marked proliferation of epithelial cells
in the lungs.

TREATMENT* Unknown
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PROTOZOA OF POULTRY

CLASS: MAST1GOPHORA
ORDER: RHIZOMASTIGINA
Pamily: Mastigamosbidae

Histomonae meleagridis (Smith, 1895)

SYNONYN: Amoebe melsagridls Smith, 1895.
DISEASE: Blaokhead, infsctious enterchepetitis, histomeniasis,

HOSTS: Chicken, turkey, pea fowl, ruffed grouse, Hungarian partridge, quail, pigeon,
ducks, geess.

MORPHOLOGY: This parasite of chickens, turkeys and other birds 1s a pleomorphic flagel-
late and exists In different forms The organism will be described under the various
stages used dy Tyzzer (1919) although these are not entirely satiefactory.

The firat form is the invasive stage and is found in early lesions of the disease,
rarely in older lesicne, It appears to be entirely amoebold in mature, 8 to 17 microns
long, although some organiams ae long as 30 miorons have been noted, It 1s found be-
tween the cells and is never intracellular in nature, The cytoplaam 1s bascphilic end
consiats of & clear ectoplasm and & finely granular endoplasm, There 1s a small extra-
nuclear body yresent although ite location is variable, Ingested particles may bs found
in vacuoles in the oytopleem, but bacteria are never obaerved in this stagse.

The second form of development is the vegetative stage., This is found in slightly
older lesione and is ueually larger than the invasive stage desoribed above. It 1s 15
to 21 microns in length and about 12 microne in width, They are present in great numbers
and are assooiated with distension and dieruption of the tiasues. It is believed from
the rounded form that active amoeboid movements have ceased, or are not of common oocur-
rence, The oytoplasm is still basophilio, clear and transparent, but the inolusions
vhich were found in the earlier stage have disappeared.

The third form is the resistant stage and is found in the oldest lesions of the
d1geaws. These forms are small, varying in size from I to 1) microns in diamster, The
oytoplaam is acidophilic in contrast to the basophilic cytoplasm of the previous two
atagee, and 18 filled with mmall granules or globules vwhich give it a rather coarse ap-
pearance, This stage is eventually encloesd in definite spaces dus to a tissue reaction
of ths host, or are taken up by phagocytic cells. In these spacea they may appear dis-
sooiated from one another., At times the organisms are spherical in shape, or compressed
in maeses with their shape modififed with contaot by other flagellates, The number of
organisme in such masses is not constant, but varies from two to several dozen, Ko or-
ganiam 1s found at this atage of the disease whioh approachea that of the previous two
gtages, After being enclosed in the tissus spaces the parasite becomss surrcunded by a
transparent thick layer which appears almost cyet-like in nature. Although these forme
are deacribed as reslatant stages, this is a misnomsr, KEven though a oyst-like membrans
suwrrovnds the parasite, it is still very susceptible to environmental conditione and can
live only a very short tims outeide the body,

In addition to the tissus stage the paresite may develop flagellated stages in the
luman of the cecum or in culture media, There le usually only one very short stumpy
flagellum in these forms, although as many as four have been observed. In the oecal con-
tents the living organiem exhibits a charecteristic type of motility, It possesses a
pulsating, rhythmio, intracytoplaamic type of movemsnt or they may axhidit & more amoeboid
type of locomotion vith the formation of pseudopodia, The movement of this organiem is
very similar in meny wvays to triohomonads, however, close obaervation will reveal that an
undulating mezbrene or axostyle is not present. This stage may be present in large aum-
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bers in the lumen of the cecum, In many other instances they are very difficult to find,

Wonrioh (1943) made comparative studiea of histomenads from the ceca of pheasants
and chickens, Measurements of 400 organisms from pheasants gave & range from 9 to 23
miorons in diameter with an average of 13.9 microns, Measuremesnts from L0O organiams
from ohickena gave a range from 5 to 18 microns in diamster with an average of 7.86 mi-
orons, The nuclsus of the pheasant histomonads is regularly near the periphery and asac-
ciated with the flagellar apparetus. Four flagella are regularly attached to the bleph-
aroplast, Food objects are ingested by histomonads, The polymorphiam of Hlstomonas with
its vide range in size from 5 to 30 microns in diameter, its variation in flagellar ap-
paretus, often no flagella, with one or more up to four is quite etriking.

LIFE HISTORY. Many details are still uninown in the life cycle of Histomonas meleagridis,
particularly the tranemission of the organism under natural oonditions, Infestion ocours
either by the ingestion of the parasite in the droppinge of infected birds, or from soll
oontalning the infected egge of the cecal worm Heterskis gallinas, There can de no doudbt
that Ingestion of the organism from infected droppings plays & major role in the spread
of the Infection, particularly in epizootic outbreake of the disease, In order for birds
to become infacted they must ingest the organlams shortly after they have been passed out
of the body of the hoat. Thie 1s due to the fact that the organisms are very susceptible
to environmental condltions, and die very rapldly. Most of the parasites will dle in a
few houre after leaving the host and practically all will be dead in 24 hours, ZXRxperi-
mentally it is difficult to Infect birds by the oral route, but this 1g probably due to
the fact that relatively small numbers of organisms are given and they are only adminis-
tared once, in contrast to continued infection undsr farm conditions, In eplzootica where
largs numbere of birds are involved it seems apparent this direct tranemission through
the ingestion of Infected dropplngs ie cne of the maln methods of passage.

The eggs of the cecal worm, Heterakis gallinae, may become infected with the etlol-
oglcal agent of blackhead, and when these embryonated eggs are ingested infection will
rosult, The egg must be embryonmated and contein infective larvme, otherwise the egge
would pass through the digestive tract without the libermtion of the Infective agent, It
1s interesting to note that although Histomonas meleagridis has never been seen in the
nametods egg the circumgtantial evidence for 1ts presence i1g mo strong that 1t is an ao-
cepted fact., However, the orgenlam has been cbserved intracellularly in the epithelium
of the gut of the cecal vorm in acute cemes of the dlaease, Most carry over on farma 1s
wmdoubtedly in the sggs of this worm. Thils is due to the fact theme eggs, like ascarid
eggs, are extremely realstant and capable of living for long perlcds under adverse en-
vironmental conditions, McKay and Morehouse (1947) in a series of 54t experiments involv-
ing 313 turkey poults receiving embryonated B, gallinae eggs, 251 (80 per cent) died of
blackhead .

A third method of transmission which may play & role under natural oconditions ia the
mecharical tranemission by meane of arthropods, Thia method 1s probably not of great im-
portance, If arthropods, fllee in perticular, play e major role in the transmission of
the disease mpre cases of sporadic blackhead would be noted rather than infections of en-
tire flocks,

o
Although not & different method of tranamission 1t should bs noted that the most
serious of blacknead develop in turkeye when they are closely assoclated with chick-

ens, or amiielloved to run on ground that has previously harbored chickens. Practically
all chicl harbor the cecal worm, and apparently largs numbers also are infected with
R, 8. Although not suffering clinical symptoms of the disease chickens may act
as . Thus, most soll from poultry yards vill contaln embryonsted eggs of the
oscal w vhich may harbor the etiological agent of blackhesd, Wa cannot esphasize to
strongly the dangers of mfintaining chickens and turkeys in close proximity, or of run-
nigg tarkeys on land that hms had chickens,

%%& first localizea in the cecum. The chronological course of

davelopment not well understopd, but probadly follows very closely the sequsnce of

norphological etages dimoussed in the previcus section, The organism may be demcnstrated
1 B3

’
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, in the droppings of infected birds in from cne to five daye following infeotion, and will
be ocontinued to be dismcharged for a week more or less, after which time their appearance
1a sporadic due to the obatructive lesions whioh develop in the ceoum, The liver ie
usually affected in most cases, and the parasite 1s probably carried to this organ in the
blood stream,

SYMPTOMS: This infeoticn 1s characteristically a dimease of turkeys under 12 monthe of
age or about the time the oombs and wattlee are developing., Although it is often thought
of as a disease of young birds, older birde are equally susceptible, farmers often losing
large numberas of birde about the time they are ready for market, In other cases breeding
flooks ooomsionally suffer loeses from the disease, Thus, the disease may occur at any
age, but there can be no doubt that the mortality in older birds is never as high as in
the younger age groups, The inoubation period usuelly varies from one to two weeks, Jt
should be remsmbered that birds may be passing organlsms in their droppings previous to
the development of eymptoms and are spreaders of the diseese,

The first evidences of the disemse are droopiness or the appearance of sulfur colored
droppings, elthough the latter are not constantly present, particularly in younger birds,
Blackhead, the common names of this disease, is a misnomer, since it is not a symptom
characteristic of this dlsease alone, In fact the head does not becoms darkensd more
frequently in this disease than in other types of infactiona, In acute infections death
may oceur very rapldly, with practically no other evidence of disease. The mortality
rate may be very high, approaching 100 per cent in severs outbreaks, and undoubtedly
averaging 50 per cent unlesa 1t is kept under control, These high death losses only
ocowr in birde in the younger age groups, In older birde the death loss rarely exceeds
25 per cent,

The disease may occur in chickens with symptoms closely resembling those found in
the turkey although this 1s usually rare Many chickene harbor the parasite, but show
no eymptoms of the infection, In most cases gross evidences of the disease are not
Ppresent,

PATHOLOGY. The principal changes occurring in blackhsad are in the liver and cecum,
Occapionally turkeys may be found with only lesions in the cecum, but these are usually
the early infections, Lesions of the liver occasionally occur alone, but these have
probably spread from a lesion in the cecum which has heeled.

One or both ceca may be involved, The earliest leslons 1n the ceca are small,
raiged pin-point ulcers in which the organisms may be readily demonstrated, Later these
become much enlarged and thickened with yellowish patches from 10 to 15 mm in size scat-
tered along the surface of the serosa, Occasionally these ulcers may perforate the cecal
wall and result either in a fatal peritonitis or adhesions of the ceca to other organe in
the abdominal cevity., When the cecum is opened it may be filled with a tough leathery,
yollowish white material On removing i1t is found to be tightly adherent to the mucoaa,
so when pulled out a rough denuded area is left, On grose sections this plug is found
to have besn dsposited in concentric layers and is often hollow in the center. The ceca
are frequently enlarged.

The liver is invclved in practically all fatal cases, The surface is coversd with
spherical, smucer-shaped depressed arsas up to & centimster or more in diamster. The
early lesions are a mottled red in color, later becoming muddy yellow and finally a dirty
green, If the liver is sectioned grossly it will be found that these lesions extend
throughout the liver perenchyma,

The various stages of the parasite may be found in the types of lesiocns described in
the earlier secticn on morphology. In turkey poults the infection is accompanied by very
little tissue reaction, vhereas, in the chioken it is accompanied by an intense tre-
tion with polymorphonuolear leucooytes. In that portion of the lesion whioh has been in-
fsoted longest there are large numbers of glant cells which destroy many of the parmsites.
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HRepair is sarked by a generel dlsappearance of E. melsagridis from ths tiamsues, A
line of dmmmroation dsvelops betwsen the living tissue and the mingled neorotio tisaune
and sxudate. In the ceoum these mterials are incorporated in the oecal plug in the
luosn, The diseased tissue is replaced by actively growing blood vesssls and connsotive
tissue and the entire reaction ie lymphold in nature, In turkeys which recover from the
infection exteneive soarting of the cecal mucoea and liver resulte, In young turkey
poulta the entire mucocea may be destroyed and the lumen obliterated, In older birds vhere
the lesions may not be as severe the mucoss and the liver may regenerate, In ohiockens
the repair may be so perfect the ceca and liver of recovered dbirds cermot be differenti-
ated from the normal.

levine (1947) reported an interesting case of histomoniasie in & turkey showing
kidney lesions, The kldneys contalnsd numerous, vhite, clroular lseions about one mm in
diamster, On histological examination the parasites were found to be distributed elngly
and in large mneses In the necrotic areas,

DIAGHOS13: The discase may be diagnesed from the oharacteristic pathological pioture in
the cecun and liver, It 1s not necessary to demonstrate the presence of the parasite.

CONTROL: The foundatlons for the successful present day practices of turkey production
wers lnid dowvn in the work of Cooper Curtice in 1906 at the Rhode Island Experiment Sta-
tion, He noted that greatly improved results occwrred when turkeys were rearsd without
any contact with chickens., EHe succeeded 1n maintaining over 60 per cent of hie turkeys
vhan they were reared away from chickens In contramt to the 17 per cent reared in close
yroxieity to chickems, B8ince this time much evidence has been accumulated to show that
it is lmpoasible over a period of tims to raise turkeys in the presence of chickense, or
to ralse turkeys with the older turkeys, which like chickene may act ss carriers of the
diseass,

The prevention of blackhead today consiats of good management, particularly & rigid
progrem which prevents ell contact betwesn turkey poults and clder turkeys or chickena,
The most successful progran of rearing turkeys coneiste of artificlal hatching, brooding
and rearing the birds in confinement or practicing a definiie program of rotation. A
moveble brooder house suiteble for chicks makes an ideal building for brooding turksy
poults on small farms., Water fountalns and feeders should be placed on wire to avold
heavy oontamination about these areas. Where large numbers of turkeys are reared a wire
floor is very satisfactory. It is easily cleaned and prevents the bdirds from coming in
ocontact wvith their droppings. Many breeders are successful in using a sun porch with a
hardware cloth floor vhich may be attached to & conventional brooder house, or one with a
vire floor, Pens muat be cleaned at regular intervals, preferably dally, 1f they are to
glve satisfactory results, Roosts should be put in the brocder houses when the poults
reach 3 or 4 months of age, When the poults are aix to eight weeks of age they are moved
to a range that bas not been used for several years by any adult turkeys or chickena,

Billings (1928) described a four pen system for the raising of turkeys that has been
very succeesful, The underlying principal is to keep the young poults on clean fresh
ground at all times, These pens or ranges need not be large, as turkeys do not require a
large sjwa over which to roam if the ground is clean, Ths house should be placed in the
middle of a plot and by dividing thies into four yards the poults are given access to & nev
yard each month, There should of course be a door cut into each corner of the house so
that the birds will have access to thelr yards at the proper time,

Another aystem has been used successfully oonsistes of baving a raised vwire platform
at one of the yards on which the birds are fed, watered and near thelr roosts, It has
been cbserved the great majority of the dropplngs will be deposited around the feeders,
waterers and rooats, In SHis method the droppings will pass through the wire and out of
coptact with the birds, Instead of having a yard which 1s rotated at regular intervals,
the yard is covered with a coarse grevel or cobblestones on which the birds are kept from
three months of age unt{l they ave marketed, BSome producers raise large nuubers of birds
with this aystem with np losses from blackhead,
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TREATMENT: There is no drug known at the present time which is successful in the treat-
wont of blackheed, Arsenicals such as Maphareen and Tryparsamide have been tried but the
vesults have not been conclusive, Recently Bolin, Goldeby and Evelath (1947) have re-
ported that 41-isobutyl phenoxy ethoxy ethyl di-methyl benzyl ammonium chlorids (Formuls
1kk) is effective in the control of blackhsad in a flock after a disgnosis has been made,
as vell as & prophylactic before infection has occuwrred, From the limited evidence pre-
sented in support of these claims further studles on this compound are indicated,

Phenothiazine has been videly harmlded as an agent effective in the control of the
disease, It should be borme in mind this drug has no effect against H, meleegridils,
although it 1 very effective in the removal of cecal worme, Heterakls gallinme, and thus
over a period of years might have esocmes prophylactic valus,

GENERAL REMARKS: In addition to occurring in the chicken and turkey Histomones melsag-
ridie has also been found in the pea fowl, ruffed grouse, Hungarian partridge, quail,
Pigeon, ducks and geese, The severity of the infection of the diseass in these differ-
ent hosts varies although in scme cames typical blackhead ocours,

Tyzzer (1934) reported a loss of virulence in the course of long cultivetion of this
parasite and immunization of turkeye could take place by infecting susceptible birds with
these avirulent strains, However, further cultivation of the organisme may in addition
to the losa of virulence result in a loss of immnizing power,

DeVolt (1943) described a new improved medium for the cultivation of H, meleagridis,
The formula of the medium is given in the appendix,

Durant (1930) and Delaplane and Stuart (1933) have shown that blackhead can be pre-
vented by surglcal abligation of the ceca or by the use of aluminum clamps, There is a
considerable surgical mortality with this method and it probably cannot be used as a
practical application for the control of this disease, It does show that the ceca are
the pointe of entry for the infection,

ORDER. PROTOMONADINA
Family: Bodonidae

Pleuromonas Jaculens {Perty, 1852)

Uribe (1921) reported thie flagellate in large numbers in the cecal contente of
young chickens vhich had been fed Heterakis material, He believed this free-living pro-
tozoan, oommon in stagnant water, could becoms adapted to entozoic 1ife, It can also
multiply in media outside of the animal body.

The flagellate 1a 5 to 12 microns long and sabout 5 microna wide, It 1s colorless
and somewhat kidney-shaped., There are two flagella, one short anterior fiagellum and one
long trailing flagsllum two to three times the body length. Apparently 4 to 8 organisms
emgrge from onse apherical cyst., It probably bas no pathological significance, *

TREATNENT: Unnecespary.

ORDER: TRICHOMONADIDA
Family: Trichomonadidae

Pentatrichomonas gallinarum (Martin and Robertson, 1911)

#0878: Turkey, ohicken, gulnea-fowl.

MORPHOLOSY! This trichomonad is one of the moat common flagellates ocourring in the cecum
of the turkey and to a lesser extent in the ohicken, Cross infection is possible between
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these birds, The organism 1s usually pear-shapsd, although the form 1¢ veriable, W¥hen
poar-spaped it msasures 6 to 8 miorone in width and 9 to 12 miorons in length, There are
five anterior flagella, and one trailing flagellum which is frees posteriorly, The latter
arises from the mt-riozv blepharcplast complexr apd passea posteriorly as the marginal
Pllament of the wndulating membrans, Anteriorly there are two blepharoplasts, The
nucleus is nsar the anterior end of the body and has chromatin distributed on the nuclear
msmdvane, The parabasal bedy lies at the dbess of the undulating membrane and sppsars as a
row of granulea, Ths oytostome appears as a slight depressiocn at the anterior ®nd of the
body and is usually very difficult to mee., The axostyle is slender and projects from the
poaterior margin of the body at about the same point that the trailing flagellum leaves
the body, Ko oyste are formed,

SYNPTONS: Eadley aml Amison (1911) and Jowett (1911) held that infectlous enterohepati-
tis was caused by trichomonads, but this work was discredited for a number of ysars by
the work of Tysszer (1919, et.a.) Recently this theory has been revived, although not ocon-
clusively demonstrated, by Allen (1936, 1940), Bhs considers there are two types of the
digeass, cne prodused by Histomonas mle_qgldi 8 and a geoond produced vy P, gallinarum,

Tvo types of trichomoniasis have been described by Allen and Olson (1942), namely;
aoute and chronlc, Acute trichomoniaels affecte younger birds and may or may not be
pevere snough to produce death, The dissase is oharecterized by & liquid pale yellow
cecal diarrhea, roughened feathers, loss of appetite and resultant loes in weight, The
mortality renges from O to 4l per cent,

Chronio cases are oharacterized by an intermittant diarrhea ranging in color from a
pale to deep yellow to orange, and in advanced cases the droppings contaln large quanti-
ties of wrmtes, There is a loss of appetite, loes of weight and later s subnormal tem-
perature, The ohronic phase, which consists of survivors of the acute, develops slowly
and only a few birds in a flock develop fatal cases at any one time,

PATEOLOAY: Ths pathology as deacribed by Allen and her co-workers very olosely resembles
that of blackhead but may be differentiated, The cecal lesions are essentlally the same,
however, the liver leaions meke the differentiation possible, They are usually smeller,
bave irregular cutlines and are rafsed or level with the surface of the liver in oontrast
to the depressed lesions of histomoniasis, Mixed infections oontaining both Histomonas
and Pantatrichomones are large, depressed in the centers and granular end elevated at the
borders.

GENERAL REMARKY: The role of these organisms in blackhead etill remains to be dstermlned,
In addition & blaetamyoste has beon described by Enigk (1935) in Gexrmany as a cause of
this diseass. Further investigations concerning the etiology of this dissase are required
Hawking and Dunlsp (unpublished data) vere unabdle to produce any lesions or evidence of
disedpe In turkey poults infected with this organism, although large numbers remained
Present over a period of several months until the turkeys were sacrificed,

and Fillaert (1947) have sucoesdsd in cultivating P, gallinarum in the chorio-
fluid of chick embryoa. The organisms perslgted until hatching of the chicks
~be reacovered from the mmall intestins,

" Olson al Allen {1940) reported oo the trestment of cecal and liver trichom-
onlasis in turkeys by fever thérapy, Birds wers placed in a thermostatically controlled
cabinet for periods of cne to two bhoura, Ths internel body temperature of the birde were
raised from 2 to 6 degree above the normal of 106,599 F. by maintaining an air temperature
within the inoubator of 1040 F, at & relative humidity of 50 to 70 per cent. Usually
thres treatments at intervals of evexy cther day were sufficient to arrest the diseame,
Alvanced cases reguired G'treatmmts, Twenty of 23 birds recovered from the dissnse by
this treatment, Whether this method 1s prectical resains to be seen,
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Trichomonas gallinme (Rivolta, 1878)

SYNONYMS: Trichomonas columbae (Rivolte end Delprato, 1880), Trichomonas hepaticum
{Rivolta, 15735, Trichomonas diversa Volkmar, 1930, Trichomonas halll Yakimoff, 1934,

DISEASE: Avian trichomoniasis,
W08T8: Pdgeon, turkey, chicken, doves, hawks, etc,

MORPHOLOGY* This organism has been found in natural infectlons in the upper digestive
tract of pigeons, turkeys, chiokens, ring doves, mourning doves, sparrow hawke, falcons
and Java sparrows, In additlon it has been possible to infect a mumber of other birds,
Trichomonas gallinae 1s roughly pear-ghaped and measures 2.3 to 8.5 microns in width and
.2 to 18 9 microns in length (average 10.5 microns in length by 5,2 microns in width),
There are four anterior flagella The marginal filament of the undulating membrane ex-
tends down one slde to a polnt two thirds to three-quarters the total length of the body.
It does not terminate as a trailing filagellum, There is a blepharoplast at the anterior
end from which arises the flagella, axostyle, costa and parabasal complex, The nucleus
1s situated in the anterlor part of the body, it is oval iIn shape and possesses one or
sometimes two karyosomss, The parsbasal body 1s located in the anterior third of the
. body and is asscclated with the parabasal fibril which extends almost to the posterior
end of the body. The axostyle passes through the long axls of the body and protrudes for
a short distance posterlorly The costa is a consplcuous fibril extending from the bleph-
aroplast along the base of the undulating membrane to the posterior tip of the marginal
filament, A cytostome 1s present, but is usually difficult to demonstrate

TRANSMISS10N. The exact requirements for the transmission of this organism in chickene
and turkeys are not known, but in pigeons it is passed dlrsctly from the carrier mother
to the squab during the feeding process, Cauthen (1936) reported that day old chicke fed
a normal mesh diet falled to become infected with T, gallinae, whoreas, if fod a mixed
whols grain cracked corn ratlon infection took place although no lesions were obssrved,
Levine and Brandly (1940) found that the susceptibility of chicks to this parasite varied
with the source of the chicks. While most chicke were very reslstant to infection, one
lot from a different source was relatively susceptible and lesions were produced in a
number of them, Stabler and Engley (1946) infected trichomonad free squabs with a astrein
of this protozoan with and vwithout bacteria, which had been isolated from a falcon which
died of the infection., The bacteria 1solated from the falcon produced no demonstrable
lesl.ns, whereas the bacteria free culture of T, gallinae killed 15 to 17 squabs which
were infected,

SYMPTONS* There are no symptoms pethognomonic of this condition, The dimease in chickens
and turkeys is sporadic in character, however, 1t 1s usual in these birds to have patho-
logloal lesions produced with the presence of the parasite. However, in the pigson BO to
90 per cent of the adults harbor the organliem and never show any symptoms of the disease,
In pathogenic stralns of this organism the infection will run a rapid ocourse and result

in the death of the bird about 10 days after infection, Birds which die are usually in
poor flesh and before death stand huddled with the feathers ruffled and when f

walk will frequently topple over, Almost invarlably there 1s an excessive ac on
of greenish fluid in the mouth which on examination will contain large, gumbers o! Ghom~
onads, > . .

PATHOLOGY: The pathology assoclated with this dlsease varies with the different hosts,
Bince the pigeon is probably the normal type of host ths lesions in this bird will be de-
poribed firat, Stabler and Engley (1946) noted the earliest visidle lesions appeared in
the mouth cavitlea, These are most common in the soft palate, although the pharyngesal
reglonsd nay also be severely affected. Though lese involved than the mouth cavities,

the esophagus, crop and proventriculus may also be involved. The digestive traot from
the proventriculus posteriorly 1s not affected by this organiem. In the body cavities
loajons in the liver, lunga, @mall intestine (on the serous surface), pancreas and heart
are gometimes noted, Appaxently all of the lesione in thepe organs spread from original
infections of the liver, This area 1s almost aB seversly affected as the mouth cavities,
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The firet sign of infection in the pigeon is a mmll yellowish area on the ol
macoss which appear 3 to 1 days after infsction, These genexilly inoresse in size and
number and frequantly reach sush proportions that the esophagus and trachea are completely
blooked. The tissues in the roof of the mouth are frequently invaded produoing large
caseous mgsses and ocoasicually include the bonas in the floor of the skull, The early
lesions in the crop and emophagus are small vhite ncdulea vhose contents are semi-cassous
and ey be expressed on pressure, lLater, ciroumscribed necrotioc areae yellowish grey in
color appear, vhich are firmly attached to the mucosa, may ocolude the lumen of the orop
and ssophagus, The glzsard and the amall and large intestines are never sesn to bear
leaions internally. Lealons of the liver are quite common and are small solid oasecus
areas similar to those seen in the oml cavities., These range from a few amll fool to
others vhich may represent 90 psr cent of the entire liver. The other leaions noted In
the body cevity appear to be merely contact extemsiocns frum the liver,

In the chicken and turkey the main pathology occurs in the crop with less frequent
involvement of the lower eaophsagus and proventriculua, Lseions in the oral cavity and
liver are rare in thsse birds,

DiASRE313: The condition can usually de dlagnosed in the pigeon by opening the mouth and
observing the oral lesions, It is confirmed by a microascopic demonstration of the tri-
chomonads,

TREATHENT: There is no effective treatmsnt for this disease at the present tims. Hinshaw
(1943) has asoribed mome success to the use of a 1:2000 solution of copper sulfate in
plaos of the drinking water. This solution should bs kept bdefore the birds for two or
three days and then repeated after a few days if improvement is not noted. All other
sources of water should be removed during such treatment,

Becent experimsnts by the United States Department of Agriculture indicated that an
aqueous solution of copper sulphate at a ratio of 35 milligrams in 100 oc of water (1.4
grams per gallon) substituted for drinking water cured the dissase in pigeons, At this
d12ution the organisms in pigeons with young were cured within 76 to 180 days, A con-
centration of 100 milligrams per 100 cc of water (4.2 grams per gallon) freed nonbreed-
ing pigeons of trichomonads of the upper trect in a period of 20 days.

CONTROL: As noted above the transmission of this disease in chickens and turkeye is not
well wnderetood, therefore, no conorete proposals can be given for ite comtrol, As 1t
seeas to be primrily assoclated with insanitary swrroundings, msasures should be taken
toward the correction of feeding, watering, housing and general management of the floock,
As soon a8 the disease is noted the at‘fected birde should be segregated, and the reet. of
the flock provided with clsan dry facilities. In the case of pigeons :I.nfectim is im-
possible to prevent with our present ikmowledge due to the parental method of feeding the
young birds, Thus, the squabds, dus to the regurgitational method of feeding, are in-
fected at their first mesl, if the parent birde are infected.

GENERAL REMARKS: Stabler (1947) has demonetrated etrains of T, gallinae which differs
greatly in virulence, He found different strains of this organism vhich produced no
viali pathology to these whick killed four out of five birda. Infection with lesa
virulent straine of this organism will confer soms protection against the damege pro-
duced by the virnlent strains,

Trichomonas ansari Hegner, 1929

#097: Goeese, *

This epeciee occurs fh the ceca of the goose and hapg been transferred sucoessfully
to chicks, The body 1s oval in shape and avernges 7.9 microns in length and b, 7 miorons
in swidth, There are four anterior flagells which arige from two anterior blepharcplasts.
A mrginal filament pesiees postsriorly bordering the undulating mezthranhe and terminatee
as & treiling flagelluyt near the, posterior end of the body, The axoetyle is troad, hya-
lins and protrudes considerably at the posterior end, A large oytostome is pressnt, It
l.-_ apparently nonpathogenio, . '

* TREATMERT:  Unhecessary.
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Tritriohomonas eberthi (Martin and Robertson, 1$11)
#087: Chicken,

Thie is the second trichomonad which hes been described from the cecum of the chicken,
It 1s carrot shaped, measuring 4 to 6 microne In width and about ¢ microne in length.
There are three anterior flagells and one marginal filament bordering the undulating men-
brane, The filamsnt terminates in a treiling flagellum, Ths pathogenic significance of
thls specles in fowl 1s not known,

TREATHERT: Unknown, probably unnecessary.
Family: Monoocercomonadidae
Monocercomonae gallinarum (Martin and Robertson, 1911)
sYnouvyn: Eutrichomastix gallinarum,

HOST: Chicken,

Thia flagellate was first described by Martin and Roberteon from the ceca of chickens.
It has besn observed on several ocoamslons by Morgan (unpublished data) from Wisconsin
chickens. The body ie pear-shaped, and measures from 5 to 8 microns long end 3 to 4 mi-
crong wide, There are three anterior flagella and a longer tralling flagellum, It is
apparently nonpathogenic.

TREATMENT: Unneoessary,

ORDER: POLYMASTIBINA
Family. Cochlosomidae

Cochlosoma rostratum Kimure, 1934

HOSTS: Duckas, turkeys.

Kimura (1934) descrided this species in ths intestines of Muscovy and white Pekin
ducks in California. The organiem measures 6 to 10 microns long and 3.9 to 6.7 microns
wide, It i1s oval with the broad end anterior, Thers are six flagells, four postero-
lateral and tvo tralling., A sucking disc and an axostyle are also preeent. Living
gpecimene move in a oonstant oircle in a amel)l redius. The parasites vas more abundant on
rench ralsed birds than in merket birds,

MoNeil and Hinshaw (1942) reported this flagellate from turkey poults in California.
It was found throughout the intestinal tract and always in assoclation with Bexamita or
in combination with Hexamita and Selmonella, The significance of this protogoan In tur-
keys or ducks has not been determined,

TREATMENT: Unknown, probably unnecessary.
Cochlosomn anatis Kotlan, 1523
HOST: Ducke.

The epascies was described from the droppings and intestinal mucus of ducke dy Kotlan
(1923)., Travie (1938) observed the organism in various species of wild dmcks and tame
mellards, The organism has a sharply outlined depression at the antericr snd of cne side,
pimilar to the sucking of disc of Giardia, It measures from 6 to 7 miorons wide and 10
to 12 miorons in length. There are T flagells arising from the anterior end, all of which
are directed posterlorly adjacent to the surface of the body. Two axial fihrils, which
sosm to be aimilar to an axostyle, arime from a granule near the blepharoplast and paes
through the dbody to the posterior end, Oval oysts vith four or more nmwolel are formed,
The pathogenic significance of this epeciss im unknown,

TREATAENT: Unknown and probably unnscessary,
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Family: Chilomastigidae
Chilomastix gallinarum Martin and Robertaon, 1911
ROST: Chioken.

This protozoan 1s commonly found in poultry, It possesmes & pyriform body and mea-
sures from 11 to 13 microns in length and 5 to 6 microns in width, The cytostome has the
shape of a large pouch and extends from the anterior end bacikwards to almost the middle
of the body. The margin of the cytoatoms is supported by fidrils. There are three an-
terior flagelle and a fourth flagellum which vidbrates in the cytostome along the border
as a emall wndulating membrane, Cyste are formed which are 7 to 8,5 microns in length
and 4 5 to 5 5 microns in width, It has no pathological aignificance,

TREATMENT. Unnecessary,
Family. Hexamitldae
Hexamita mslesagridis McNeil, Hinshaw and Kofoid, 194l
DISEASE: Hexamitiasis, infectlous catarrhal enteritis,
HOST: Turkey.

MORPHOLOBY: In the acute stages of this dilsease large numbers of the parasites may be
found in the emmll intestine, and in fewer numbers in the cecum, and in older birds in
the durea of Fabricius The movement of the llving organlem 1s very rapid and can uswally
be readily differentiated from the Jerky turning type of motility of trichomonads, There
1s alec a tendency for these organiams to cling to bits of tissue with their flagella,

The organism measures 6 to 12 microns in length and 2 to 5 microns in width averaging 3
microns wide and 9 microns long.

The organism 1s bilaterally symmetrical. The two nuclel in stained apecimens are
dlstinct and poesess karyosomes about two thirds of the diameter of the nucleus. Anterior
to the nuclel are two large blepharoplaste from which arlse four anterior and two an-
teric-latemml flagella. The anterior flagella usually curve back posteriorly Just poste-
rior to the two large blepbaroplasts are two emeller onea from which arise the two caudal
flegolls, which pase posteriorFy in the cytoplaam and emerge near the posterior end of
the body. The posterior flagella are quite long sometimes being two to three times the
length of the body of the protozoan. These are the flagella which appear to attach them-
selves to pieces of tismue and in these cases the living organisms will appear to swing
back and forth like a pendulum. Cyates are not produced by this parasite.

LIFE HISTORY: The 11fe cycle of this orgenism has not been completely worked out, but it
is direct, with transmiseion ocourring through contaminated food and water. The adult
turkey le the most important source of infection, more than one third of the birds re-
main infscted after recovery from the dikease. Chickens have never been found to be in-
fected, In addition to the turkey, similar organiame have been found to occur naturally
in the OCalifornis valley quail, Gambel's quail and chukar partridges, These forms are
probably not the same speciee as occurs in the turkey, although appearing morphologically
i1dentical. Cross infaction took place with some forms but no disease was produced in the
turipsy,

SYNPTONS: Turkey poulte 1 to 9 weeks of age are most susceptible to this infection, The
presence of other diseeyes increeses the eusceptidility of the poults. If thers are
soveral ags groups on & farm those from the firet hatoh show only slight or no 111 effects
from the infection. HoWever, as ths number of crganlsms incresse on the premises birds
from Iater hatches have'been found to suffer ssverely. There are no specific syuptoms
asgogiated with this diseass, The birde meem to require more heat than normel, the galt
is wtilted, and the feathers appear ruffled, There is a foany watery dlarrhea, but the
dpocal Aroppings do not sppear to be changsd, Most of the Dirds will continue to eat and

. « w
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in some Instances will sven consume more food than is normal, but due to impaired diges-
tion they will lose weight very rapildly,

In the later stagee of the dieease the poults become liptless, 8it under the hovers
and finally dle, In experimsntal infections the course of the dipeage 1s very rapld with
symptoms appearing b to 7 days after infection with a heavy inoculum, Mortality in euoh
infections will ueually start a day after the firet sppsarance of symptoms and the peak
in death losees 1s reached 7 to 10 days later, Heavy loeses in turkey poults do not oocur
in birda over 8 weeks of age unless there 1s some other factor which lowers the reeistance
of the birds, Mortalities as high as 70 and 80 per cent have been recorded in naturel
ou;breal::. large numbers of stunted individuales result from the infection with Hexamitae
meleagridis,

PATHOLOGY: Infected birds are in very poor condition due to their lack of ability to
properly utilize their food., In the upper intestinal tract there 1s a catarrhal enteritis
and a marked lack of tone., The contente of this area vary from a thick mucus type of exu-
date to a thin watery foamy material The walls are often thin with localized bulbous
areas filled with watery material, Nome of the pathologlcal changes are pathognomonic of
the dissase,

D1AGROSIS: A positive dlagnoals of hexamitimsis can only be made with the demonstration
of the organism, Care must be taken not to confuse Hexamite meleagridis with other pro-
tozoa which may oocur in the small intestine, although if it is present other forms are
usually absent, However, trichomonads and Cochlosoms have been found in the turkey.

CONTROL: No general procedures can be glven to prevent infections with this parasite as
they will vary In different cases, Hinshaw and MoNeil (1940) have given certain recom-
mendations by means of which they have been able to prevent the infectlon. They are as
follows: (1) Separate unlte and caretakers for the breeding flock and the young poults,
(2) separate equipment for each age group, (3) use of cement floors and wire pens,

(4) feeders end watering equipment arranged so that the attendant does not need to enter
the pen, (5) 1f the poults have undergone an attack of pullorum disease avold changes in
brooding until they are 12 to 16 weeke of age and (6) seal all breeding birds 2 weeks
before any poults are hatched 1s advieed wherever possible.

TREATMENT* At the present time there 1s known treatment for this infection. All remedies
either in the feed or drinking water should be avolded., Nursing and good management are
of the greatest importance in preventing severe losses from the dlsease,

QENERAL REMARKS This diseass waa firat reported from Callfornla where the etiologloal
agent wae discovered by Hinehaw and his co-workers, Since then it has been reported in
the mid-west and on the east coast Consequently, it may be assumed that the dimease 1s
fairly widely distributed throughout the Unlted States,

Hexamita columbae (Noller and Buttgereit, 1923)
0ST. Pigeon.

MoNeil and Hinshaw (1941) reported on the first casee of Hexamita from pigeons In
the United States, Most of the birds examined showed a catarrhal enteritis. The organ-
isme were recovered in screpings from the Jejunum, ileum and reotum. Turkeys could not
be infected with H, columbas. It is not likely that Hexamita meleagridis occurs in
plgeons, since pigecns were examined end found free of Hexamita, whereas, Hexramita
meleagridis was abundant in turkeys on the same farm,

TREATHENT: Unknown,
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Hexamita ep.
(]

#0878: California Valley quail, Gembel's quail, chukar partridge.

McNe1l, Platt and Einshaw (1939) reported on Hexamite ovcurring in quail and par-
tridge from Californie. The gpecies in quail very closely resembles the cne found in
pigoons and turkeys., The species from turkeys has been transmitted tc quail but attempts
to tranamit the guall form to turkey poults and chicks falled. The species in chukar par-
tridge can be trenemitted to turkeys.

Many of the birds showed ulcerative enteritis, but whether Hexamita have any eti-
ological relationship to this conlition 1s not known The dietribution of Hexamita in
the intestinal tract of quail include the ileum, jeJunum, ducdenum, burss of Fabriciua
and cecum., The form in quall msasured 5 8 microns in length by 2.3 mlcrons 1n width,

TREATMERT: Unknown

CLASS: SARCODINA
ORDER*  AMOEBINA

Family Endamnebldae
Endenceba gallinarum (Tyzzer, 1920)
ho8T8: Chicken, turkey,

Tyzzer (1920] riret deacribed this species from the cecal excremsnt of young turkeys
and chickens, The trophozoltes measursd from § to 25 microne in diameter, average 16 to
18 microns. These forms are quite active at room temperature, The nucleus measurss from
3 to 5 miorons in dlamster. The endosome 1s centrally located,

The cysts contain 8 nuclel when mature although immture quadrinucleate forme are
often observed, The cyets are spherical and mesasure 12 to 15 microne in dlemter.

This amosbe has not been reported to be pethogenic in poultry.

TREATMENT* Unnecessary
Endamoeba anatis (Fantham 192k)
H08T: Duck,

Panthan (192%) originelly described this species from the feces of a duck which had
dfed of an acute enteritis, The morphology of the amoeba 1le similar to E. histolytica.
Further study should be made on this organism,

TREATMEAT: Unknown,
* Endolimax numidae (Hegner, 1929)
, HOST: Guinea fowl,

Hagner (1929) described this smell emoeba from the guinea fowl The average slre ia
k.2 by 3.4 microns, The mature cyst contains 4 nuclsl., It is apparently nonpathogenic.

TREATMENT: Unnecessary,
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Endo}imax grogariniformis (Tyszer, 1320)

SYNONYMS: Pygolimex gregariniformie Tyzzer, 1920; Endolimex janimae Hegner, 1926,
403T3: Turkey, ohicken,

Thie amoeba was described by Tyzzer (1920) from the ceca of turkeys, The vegetative
forms are oval in shape and measure 4 to 15 miorons in slze, average measurements were
8,75 by 5.% microns, Thelr movement is slow at room temperstures. The sctoplasm i& not
differentiated from the endoplasm, ,The cytoplasm contains various numbers of food vac-
uoles barboring bacteris and othsr types of food The nusleus is from 1,5 to 2.0 miorons
in 2iamter; a karyosome is centrally located, Cysts have not been completely described.

Tyzzer (1920) was able to transmit E. gregariniformis to young chicke by feeding
small amount of faces of infected adult birde, Large numbers of trophozoites were cb-
served 4 days after ingeetion,

TREATMERT. Unnecsssary.

CLASS: SPOROIOA
ORDER. COCCIDIA
Family. Eimsriidae

- Eimeria tenells Railliet and Lucet, 1891
SYRONYH: Bimeria avium (Rivolta, 1878).
p18EASE: Cococidiosis of chickens, cecal coccldiosls,
K0ST. Chicken,

HORPHOLOBY: The ocooyeste of £ tenella are passed unsporulated in the feces of infected
chickens, No authenticated report of birds passing sporulated oocysts has been recorded
They are of a broad, ovold shape with no great difference in the width of the two ends,
As in mogt species of coccidis there is a coneiderable varlation in the slze of the
oocyste, they measure 19.5 microne to 26 microns in length, and from 16,5 microns to
22,8 microne in breadth with an average of 19.0 microns wide, and 22,6 microne long, The
cytoplasmic mase of the oocyst is sllghtly irregular when discharged and is eeparated
from the cyst wall by a relatively large clear epace The cyst wall is qulite smooth and
there is no apparent micropyle at the smaller end, Within the cyst vell at the anterior
ond there is a emall bright refractile granule,

When the oocyet ia kept at room temperaturee with sufficlent oxygen and molsture it
will sporulate in about 4B hours, The sporulated vocyet contains four spores, each con-
taining two sporozoites., The spores are bluntly ovoid in shape and measure about 7 mi-
crons wide and 11 microns long, At the emaller end of the spore is & small globwlar plug
f11ling an opening in the spors wall and proJecting slightly outward, The sporozoltes
are emall seusege ebaped forms, two in each spors, ehowing a globular mass of hyaline
mterial nsar ope end, end near it, a epace devold of any grenules which 1s thought to
be the nucleus, A residual mess is present,

LIFE CYCLE: Bionomic of the ogoyst: A mumber of studies bhave been carried out on the
dbionomics of the oocysta,of E. tenella, but to the present time most of them have been
carried out mder laboratory conditions and thue it 1a diffloult to detsrmine the resls-
tance of theame cooysts to many emvironmental conditions, Ellis (2938) found that

in a commercial incubstor at & humidity of 4] per cent and & tempermture of 390 C. vhioh
had been smeared with wiable cocysts of E, tene. carried only dead oocysts at the snd
af the period of Incubation. Phis has besn by st workers, The tempermture
at which the oocysts are killed will dspend on the length of time the cooysts are exposed,

v 1
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Ohang (1937) hae determined the time for a 50 per ocent kill of oocysts and has observed
& linear relationship between temperature and tims,

Fioh (1932) has obeerved a thermal death time of 10 minutes of sporulated and un-
sporulated ocoysts et a temperature of 53° to 540 C, Theme relatively low temperatures
which kill ococeldial oocyste should not encourage the use of heat in their destruction
in the poultry house. Bolling water used in cleaning floors and other permanent fixtures
would be so rapidly cooled that in most instances these temperatures would nevear be
reached. The flame-gun and blow-lemp which 1s advertised to kill coccidlal oocysts 1s
extremely inefficlent as Horton-Smith and Taylor (1939) have shown that it mey require as
long a5 16 hours to kill the oooysts in e chicken house 20 by 12 feet,

Patterscn (1933) has shown that continuous, or intermittent freezing of oocysts in
8011 has no lethal effect for at least 12 weeks, although one of us has noted that freee-
ing and thawving of the exposed oocysts every two daye for two weeks results in a 100 per
cent mortality, Patterson also observed that oocyests of E, tenella 1n feces were killed
in four wveeka by drying.

It has long been known that the cocyste of the coccldla are extremely resistant to
the commonly used disinfectants, yet many poultrymen want some compound that may be
sprinkled about the poultry house to kill oocysts. It cannot be emphasized too strongly
thet no chemical oxiste which will have any effect In the presence of an exceee of organic
matter such as straw, feed and feces. The studiss of dlsinfectants made on compounds
clted below are teets carried out on exposed oocysts, not ococyaste protected by organlc
material, For any practical values a compound should kill the oocyst very rapidly.
Anderson and Mallmen (19%3) have shown an interesting ralationship between the type of
solvent used in iodine compounds and also the marked efflciency of iodins suspensoid
They point out that iodine suspensold (collodial iodine) is the only compound they tested
which possessed marked powers of penetrabllity, a characteristlc so necessary for the
destruction of oocysts,

Fish (1932) has shown that ultraviolet light has & marked lethal effect ocn cocysts
Thres-fourths of a zinc sulphlde unlt (Clark) at a distance of 22 inches killed unsporu-
lated oocyste, whereas 2 zinc sulphide units (Clark) were necessary to kill sporulated
ococysts, The greater resistance of sporulated oocyets would be expected dus to the extra
protection of the sporocyst wall,

Studles of the survival of the cocysts of E tenella are not numsrous and most have
not been oarried out under natural conditions ~These studies have consisted either of
exposing samples of artificially infected soll for varying periods of time under differ-
ent environmental conditlions, or of taking naturally infected soil and feeding relatively
large quantities to suacaptible chickena. Warner (1933) found that soil naturally in-
fected with cocyets in July was still infective for dbirde in 197 dayse, but not in 217.
Hovever, in soll expossd in December, Infective stages were still present in 49 days but
not Bl, Delaplane end Stuart (19}}) in Rhode Island found that soll naturally infected
with oocyste of Eimeris sp wes stlll infective efter four months on & sunlight exposed
Plot, 9 months on a sva.mpy plot and 15 to 18 monthe on a wooded range.

Not a great deal is known about the reelstance of the oocysts of E. tenella when
ingested by various ineects, although undoubtedly, they play soms pa.rt probably a minor
one, in the trenamission of cecal coccidiosls, Baker (1933) has noted that flies which
had been caught in poultry yarde were capabls, when fed to coccidia free chicks, of ini-
tlating an infection with this parasite In a few instancea, None of the mfsotions which
were producsd were serious in nature., Delaplane and Stuart (1933} have demonstrated both
sporulated and umsporulated cocyets in the gut of larvae of the common house fly, but
when these larvae vere allowsd to pupate and develop into mature flies, and fed to coo-
vidis free birds were not capable of producing infectlon, Metelkin (1935) has shown that
cooyete will remain viable in various specles of flles up to 24 nours and in the dis-
charges of these flies untll they have dried,
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DEVELOPMENT OF THE QOCYST: If the cooysts are kept at temporyiures of 200 to 250 O, ovi-
denoes of sporulation vill de noted in a ahort tims, It h8& Lgen noted whan the cooyst
1 discharged in the droppings the oytoplaanic mass 1s frequaniiy of a slightly irregular
shaps, At room temperatures, and with adequats mpisture thes, irregularitiss become ac-
centuated, Within 2% hours the single oytoplasmic maes dividyg into four cells, or sparo-
blasts, vhich soocn assums a smooth oval ehape. About each &Dyroplast 1s formed a cyst
vall, or sporocyst. The cytoplagm inside the cyst W1ll thn wivids into two sporozoites.
Thus st the end of 48 hours each sporulsted, infective oooyet gontsins fouwr spores, each
enclosed in a gporocyst, and each apore contains two aporozoit"’ or elght aporpzoites
in the sporulated cooyst., The sporulated oooyst is the only ynfective stage of the ooc-
oidium, the unsporulated oocyst being incapable of producing ynfection.

DEVELOPNENT IM THE HOST: Infeotion in the chicken takes PlacCe ynder natural conditlons
through the ingestlon of the sporulated cocyat and the liberagion of the contained mporo-
zoites in the small intestine. Pratt (1937{ has observed thay the spores may be liberated
in the crop, as well as further dovn the intestinal tract. Bg hag alao desoribed the
1iberation of sporogoites in the crop. Instead of the sporozystes being liberated from
the apore, and the sporozoite escaping from the oocyst, Pratt noted that the BPOTES Wers
1iberated by a fracturing of the oocyst wmll.

Goodrich {1944) has made thie same cheservation on the mBihod of liberation of the
spore from the oocyst, and llberatlon of some of the spores ij the orop, but she d1d not
note the preeence of any sporozoites in the crop, Sbhe also ngted this liberation of
spoves could be acoomplished in vitro, which has been confirmig by one of ua.

Goodrich noted that the presence of trypsin is necessary ror the liberation of the
sporozoites, and this could be accomplished in yitro by the agaition of a 0.% per cent
trypein to the gporulated oocysts. In feeding gporulated 00Cysrs rp shisks sve hes fronnd
that one hour after infection there wers meny intact oocysts in the crop and gizgard,

One and thres guarters hours after infection thers were manNY proken or empty oocysts in
the duodenum, Three hours after infection practically all thy, cocysts were in the rectum
and most of them wers empty.

Levine (1942) failed to obtain infection of chickens ity B, tepellas or other spe-
cles of coccidia of thie host when the pancreatic ducts were jigated. Rerrick and Bigar
(1542) bave found that in birds from vhich fesd has been withpeid from the previous even-
ing wntil 7 to 8 o'clock the following morning the eporozoiteg yeached the cecun in about
one bour. Whereas, in birde that bad feed before them continggugly, two and one-balf to
four hours were required before the sporozoites or oocyste resched the ceca,

The liberated sporozoitss average about 12,8 microns in length, and in general &re
crescentric in outline, tapsring to a point anterlorly and dlyntly rounded posteriorly.
Thoy are aluggishly motile when kept at the body temperature of {he ohicken,

The descriptions of the various stages in the tiseuse Vers made by Tyzzer (1929).
It soems that all of the gporozoites do not ponstrate the epiyneldum of the cecum at the
sene time, and this will reeult in a lag in the development op the future generations in
the tisguss. The sporozoites penetrate the epithelial cells in the fundi of the cecal
glands, This initiates those asexual stagea of developwent degignated as Cenerstion I.
The sporozoite in the spithelial cell is kmown as a tropho20ite and is charecterized by
the presence of a mmall globule of eosinophilic material. Wity the growth of the Genera-
tion I trophozoite tijy nusleus begins to divide, As the paregite undergoes echizogony
1t ie known as & #0) nt, The invaded epithelial cell increygeg greatly in size and
thers is bypertrophy of the cell nucleus. Mnally, the cytoPiaem of tis Generation I
schizont divides about the numerons nuclei and the enclosed Nerggoites are liberated by
a rupture of the host omll either while it 1s in the intact epfineltal layer, or after it
ie squeezed cut into the lumen of the gland, It has been ¢ftimted that about 900 Gensre-
I morosoltes are formed. The merozoltes of the first genoTation mre very smell, thick
fusiform bodies, 2 t6 4 microns in length end 1 to 1,5 miorong 15 yidth, They are
1iberatel into the lmmen of the osowun 2-1/2 to 3 days after tps host has bean infested.

.
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After their liberation into the lumsn of the cecum the Generation I merozoites scon
peuetrate other epithelial cells in the same aree in whioh thoy were libewvated. They
penetrate the epithelium end do not oommonly penetrate below the nuclel of the epithslial
oells, Then the trophoroite which develops, initiates a second asexual gensration, or
Generation IT,

The penstration of the epithelial cells by the first gensration merozoites initiates
an immediate response on the part of the host cell, which undsrgoes marked changes, As
in the previous generation the cell begins soon to inorease in gize, but in this gensra-
ticn the oells no longer form a continuous layer with the epit.holium Noxt the celle
sean to become independent units end migrate into the subepithelial tissues, and Infil-
trate the surrounding tissues so that all of the tissues betwsen the gla.nd.s becoms filled
with the developing stages of the paresites. The wnparasitized epithelium growe together
over the parasitized ocells,

The schizonts which develop from the Generation II trophozoites are much larger than
those of the preceding generation. The nucleil of the echizonts appesr to be in vesicles
without any limiting nuclear membrane, The achizonts are guite large, averesging 31 mi-
crens by 21 microns, although some may be as large me 40 microns by 5k microne, The
merozoites are apparently formed by an almost simultaneous aegmentation of the cytoplaam
about the nuclei, rather than by a process of budding which has been described in some
forma, It has been estimated that about 200 to 350 Gensration II merozoites are formed
from the segmsntation of the cytoplaam, The merozoites are much longer and relatively
more slendem-than those produced by the first gemeration, the average size being 2 mi-
crons by 16 microns, The mature merozoites are found packed together in the submucosa,
end are covered, in the case of a single infection, by the unparasitized epithellium,

Ag Generatlon II reaches maturity the first signs of hemorrhage into the ceca are
noted. This occurs during the fourth day after infection, and about 24 hours pricr to
the libermtion of the merozoltes from ths parasitized cells. This has been described as
being dus to a wldespread leakmge, rather than a localized extravasation. Coplous hemor-
rheges may be noted in the droppings of birde five days after infection, At this time
the parasitized epithelial cells in the lamina propria, by virtue of their number and
size, rupture the intact epithelium covering them and liberate the merozoites into the
lumen of the cecum., This resulte in widespread sloughing of the micosa and, consequently,
consideradle hemorrhage., The nucleus 1s found plightly posterior to the middle of the
body, and the chromatin i1s cantained in the 1ll-defined nuclear vesicle which also occur-
red in the earlier schizont. There is usually a very amall granule at or near the eharp
posterior extremity, Their movement 1s similar to that of the sporozoite.

Due to the enormous numbers of merozoites produced many will be passed out of the
body of the host, rather then penstrate new epithelial cells, If it may be assumed that
on the ingeetion of a sporulated oocyat the eight eporozoites succeed in penetrating epi-
thelial cells, that each sporozolte results in the production of 300 Generation I mero-
zoites and each first generation merogoite results in the production of 350 Generation II
merozoites, then 2,440,000 (8 x 350 x 900) second gensration merozoites result from one
oocyat,

The second generation merozoites that succeed in penetrating an Intact epithelial
cell will usually develop Into sexual forms, although a emsll number may initiate a third
agexual generation, The Generation IT merozoite usually pesses bensath the nucleus after
penetrating the new cell., The Generation IIT achizont which develops average 7.6 by 9
picrons and remains In the epithelial layer., Only small numbers of msrozoites are pro-
duced, varying from four to thirty. They are also smaller than those of the second gen-
ent:lon averaging 1 by 6.8 miorons, The schizonts of the third asexunl generation are
often difficult to find oving to thelr small numbers, How many more generations may be
produced of asexual forms is not known, On liberation, the merozoltes of this generation
will probably initiate a sexual oycle,

The sexual stages found in the epithelial layer of the third gemsretion predominate '
and are similar to those described in many other species of oocoidia. The early stages
of development cennot be differentiated, but as growth proceeds 1t le evident there are *

-
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two types being produced. The mlorogametooyts (or male gametocyte for conveulence) under-
goes mmerous diviaions of the nucleus, resulting finally in the formaticn of a number of
very sumall, biflagellated miorogametes, These are found in groups varying in size from
5.5 microns to 18 microns in diamster,

The macroganstocyte { or famale gametooyte) increasse in size but does not undergo &
divigion of the nucleua, As the macrogametocyte develope it is very noticeable by the
Jresence of numerous hasmatoxylinophilic granules scattered throughout the cytoplaem, AB
they reach maturity the granules arrenge themselves about the periphery of the orgmniem,
Thess granules are the precurscrs of the cyst wall, As the cyet le formed the granules
slowly disappear, While the cyst wall is developing the macrogamete assumes the form of
an oooyst, but until after fertiligation coccurs there ls no ehrinking of the cytoplasm
evay from the wall, Fertilization of thie species has not been cbserved It is not known
vhether this occurs while the macrogamete ie still in the epithelial cell, or after libera-
tion into the lumen of the cecum.

After fertllization the oocyets are discharged in the droppings of the host seven
dnys after infection, In some ingtances the mRorogamete, or oocyst falls to be released
from the host cell and becomea encapsulated, Thess forms may be found not only retained
in the epithellal cell, but may even be found beneath the museulerls mucosa, probably
carried there by glant cells, Herrick, Ott and Holmes (19%6) have demonsirated vieble
oooyete 1n the ceoca of birds ae long as 7-1/2 months after & single infection.

COURSE OF THE INFECTION: The prepatent pericd is seven days, However, the time required
to detect the parasite by routine laboratory techniquee might also bs the tlme required
for the passage of either the first or aecond generatlon merozoites, since they could be
detected by microecopic examination of the feces, This time is greater than the incuba-
tion period, e.1,, the eymptoms of hemorrhage occur first,

The patent period varies in E. temella infactions, but is gemerally considersd to be
self limiting, Flab (1931) found that cocysts were not recovered in droppings of infect-
od birde after 17 days, Tyzzer, Theiler and Jones (1932) recorded 19 days as the longest
period of cocyst discharge Thus, the greatest numbers of ococyats are discharged in a
very short time, the few remaining either being trapped in the tissuss or in & cecal plug
and only irregularly releagsed, Under nmatuwral conditions it 1s to be expected that birds
will be infected repeatedly and thus may pese oocyets for a much longer period. Levine
(1940} found oocysts of E, tenella in § of 30 birds examined which showed no symptoms of
infection,

Johnson (1927) has pointed out that the severity of coccidiosls 1s chiefly dependent
on the number of asporulated oocysts which the susceptible bird receives. It is poseible
to infect chickens with cne sporulated cocyst of E. temella, An infection of one oocyst
will produce no recognizable symptoms, nor will dosages of slightly larger numbers, Al-
though the actual numbers of oooysts required to produce symptoms or death vary, as re-
ported by different investigators, the numbers are falrly consistant considering the pos-
8ibilities of yariation in straine of coccidim whick are isolated in differsnt parte of
the country,

Jankiewice and Scofield {1934) reported that a dosage of up to 150 sporulated oocysta
produce neither symptoms nor mortality; dossges from 150 to 500 produce slight hemorrhage,
but no mortality; 1000 to 3000 sporulated ococysts & falrly heavy degree of hemorrhage and
& light mortality, 3000 to 5000 produce marked hemorrhage and a moderate mortality; while
bver 5000 cooyste prodficed a severe hemorThage and & highsr mortality,

The course of E. 1la infections is very constant, The entire oycle almost ocour-
ring like olockwork, and oot disturbed Dy environmental fectors., The blood first oc-
curs in tha fourth day a infection, marked hemorrhage on the fifth and sixth days and
the appesrence of cooygte is noted on the seventh day.

SYMPTONS: The syuptoms of the diseare are cloeely related with the course o'f the infeo-
ticn; Therve are no syaptoms witdl the second generatlon schizonts begin to greatly en-
Jargp and cazse videspread leaksge of blood into the cecs four days efter infection,

+

» “



PROTOZOA OF POULTRY 107

At this time the bdirds will appear to be listless. On the £ifth and sixth days the in-
footed birds are inactive, consume small quantities of feed end pass large quantities of
blocd in the droppings, The passage of blood 1s assooiated with the breaking out of
Generation II merozoites, and widespreed sloughing of the cecal mucosa. 8ince the birds
oonsume less feed, they may drink two or three times more water than uninfected birds,
Approximately 90 per cent of the mortality occurs in the first week following infeotion,
If the birde do not die at thia time recovery mey be assumed, After the seventh day
amll ampunts of blood are still being passed in the droppings

PATHOLOAY: The lesions associated with infectione of Eimeria tenella occur primarily in
the ceca, and have been well described by Tyzzer (1929), Tyzzer, Theiler and Jones (1932)
and Mayhew (1937). The dilated part of the cecum is primarily involved. If birde are
killed on the fourth day after infection hemorrhage is found throughout the cecal mucosa.
On the fifth day the cecum will be filled with large quantities of usually unclotted, or
only partlally clotted blood, At thie time the feathers and skin aebout the vent are
smparsd with blood, By the sixth day after infection the cecum is groesly dilated with
clotted blood, By the seventh day cecal cores may be found, If the cecum im opened the
;om ie tightly adherent to the mucosa After the seventh day, the core 1s free In the
umen,

Approximately seven days after infection the cecum turns from a reddish color, to a
mottled reddish or milky white dus to the presence of numbers of cocysts. Ths oecal wall
is greatly thickened, The core or clot 1s now & whitlsh or yellowlsh color. Occasionally
these cores ere passed intact in the droppings of the infected bird, In most instances
they are broken up in small pieces and are not grossly recognized, After infeotion the
cecum returns to approximately normal size and gross appearance, although it may be
slightly larger and thicker. Unusual gross changes occur occasionally due to the reten-
tion of large cores, rupture of the cecum or adhesions,

When the Generation II schizonts are developing in the lamina propria this area 1s
infiltrated with ecsinophiles, At this time & marked congestion is noted and the wall
of the cecum 1s thickened due to the engorgement of the veasels with blood. In areas
where the protozoa are most numsrous the eplthellal layer may be torn apart and some of
the organlsms, blood and tlssus cells allowed to escape into the lumen., On the fiftk day
the Generation II merozoites begin to rupture and is associated with extensive sloughing
of the epithelium, EHowsver, as regeneration of the cecal epithellum ocours the core
loosens and is free in the lumen.

With light infections the regeneration of the epithelium is complete In more severs
cases recovery ls associated with a slow and often incomplete regeneration of the mucosa,
A marked inflammatory reaction occurs wilth extenslve infiltration with lymphoid and plasma
cells, goms gilant cells and an increase in connective tissue, In regions of severe hemor-
rhage the epithelium 1s not replaced between the glands and the mucosa consequently re-
mains exposed to the contents of the cecum, Numerous cysts may occasionally be seen in
the cecal mucosa due to the conatriction of the glands through inflammatory processes,
Opoysts may be found in theee pinched off glands, both in the epithelium and lumen,
Sometimss cocysts cocur in giant cells beneath the muscularis mucosa,

There mey be severe after effects resulting from cutbreeks of cecal ocoocidlosis,
Birds whioch have bean infected with E, tenella, are incapable of utilizing their feed am
efficiently as birds which lhave not bsen infected., Mayhew (1932) showed that at least
10 to 12 weeks pass after an Infectlon before Ilnfected birds agaln equal or are comparable
in weight to uninfected birds. Mayhew (1934) aleo demonstrated that chicks which had been
infected at the age of six to eight weeke 1laid 19.25 per cent fewer aeggs. They did not
start to lay until six or seven weeke after the uninfected birds, Davidson, Thompson and
Moore {1936) studied positive and negative groups me determined by the presence of oocysts
in thes droppings, They found groups passing ococyate showed a 121 per oent higher mortal-
1ty; the nsgative group on hen-day basls egg productlion was 15.2 per tent higher, while
it averaged 0.:4 pounds heavlier than the positive group. This study wes carried on over
an 1l month perlod.
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INMURITY: There is a marked lmumnity to infactions with E, tenella, Numerous experimsnta
hve been performed trylng to infect other birds apd animals with this organiem, and de-
epite a few veports of sucoeesful tranafer the known host is the ohicken, There ig also a
mariked orgen specifiocity for the osca. The parssite dosp not occur in the smell intestins,
although it may occcasionally produce lealons in the largs intestine and extreme lower por-
tion of the amell intestine ae reported by Tyzzer (1929), Herrick (1936) Jjoined ome cecunm
to various levels of the smll intestine and left the other in its normal lecation, This
resulted in produoing ons physiologlomlly abnormel cecum, while the other was normal, In
those birda in which the cecum was \mlted., either to the midpoint of the duodenal loop or
posterior to thie point, infection ocourred in both ceca. When the cecum was united Just
posterior to the gizsard, infection did not take place, probably due to the absence of
pancreatic asnzymea,

Another emample of maturel Immunity to cecal coccidiocais ie age resistance. It has
frequently been stated that chickens of any age are equally susceptidle to E. tenslla in-
fectiona. Chickens of all ages may be Infected with this parmsite, but the infection will
not be equally severe, Tyzzer (1932) showed that in infections of ohlckens up to 70 days
of age there was no difference of reslstance in the varlious groupe.

Herrick, Ott and Holmes (1936) showed in a group of birds varying from cne-haif to two
months of age the mortality of 123 birds was 62,6 per cent, In the group of thres to fif-
_teon months glven from two to five tlmes am many cocysts the mortality was only 3,5 per
cent, However, there was still a marked drop in the numbers of red blood cells, the de-
orease varying from 29,0 per cent to 46,8 per cent in the older groups compared to a de-
cremse of 45.8 per cent to 60 5 per cent in the younger groups suffering the hesvier mor-
tality,

Johnson (1927) firet carried out careful studies on the immmization of chickens to
coocidie, and although he did use mixed cultures he was able to produce with regularity a
high degree of resistance. He showsd that daily inoculations of approximately 2,000 sporu-
lated oocysts for a period of fifteen days would produce an immmity, which in two in-
stances lested for six end one-half monthe after the final infection, This work showed
that the lack of coccidiosls on some farms is the contlnucus ingestion of amall numbere
of oocysts which were capable of protecting the host against a heavy infection, Herrick
{19%5) hae found that chickens immumnized to B tenslla and kept free from infectlon for a
period of one year were still resistant ae evidence by no reduction in the numbers of red
blcod cella or decrease in egg production,

Jankiewicz (19’4-2) devised an arbitrary ecale for rating Lhe percentage of lmmunity
elicited by single infections of soveral gradunted doses of sporulated occysts of E,
tenella. He has noted that an infection «1th 50 sporulated oncyste elicited an average
imminlty rating of 10 per cent, 250 oocyste 30 per cent, 500 ococysts 50 per cent, 1000 to
3000 oocysts 70 per cent and 6000 to 100,000 oocysts 90 per cent, Tyzzer (1929) has shown
that severe infections with this specles will excite a prompt and well marked irmunity,
but that eingle 1light Infections with a few oocysts were not suffiocient to protect, Ferr
(1543) administered 1000 sporulated oocysts of E, tenells daily for 15 daye to chickens
and produced & strong immunity ae manifseted by the lack of hemorrhage or mortality on the
teet dose, A similiar resistance was produced 1f 15,000 sporulated cocysts were adminip-
tered in doses of 1000, 3000 and 900C at five day intervale. In these experimsnts in
which 15,000 oocyste were used for the immunization the chickens were capable of maintain-
ing thie resistance for a period of at least 1l months,

Little work has been done on the value of using attenuated cooyets for imuuniszing

schickens against cecal cooaddicsis., Ths administration of killed cocysts will not pro-
duce any resistance sgninst future infection, dJanklewicz and Scofield (1934) have found
thét beating eitler eporulated or wmsporulsted cocysts at k39 C, for 20 minutes and after,
shorylation a series of immnizing & duoced ful immmnisation, It appears
that, these oooyste wers attentuated, Waxler (15L1) and Alvanese and Smetana (1937) have
.demonstrated aimilar properties in x-ray treatsd cocysts. Tyrzer (1929) failed to demon-
‘ strmte any pessive immmity. v -

.
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There 1s little evidence that chickens have inherited resistance to infections with
this parasite, Herrick (1934) found that the first generation of birde raised from resie-
tant parents wers 100 per oent more resistant to infeotions than were birde from unselected
stock. Mayhew (1934) presented eimiliar svidence. Rossnberg (1941) obtained two groups
of White Leghornas of markedly different susceptidllity to cecal coccidiosis, He also noted
that Barred Plymouth Rocks and Jérsey White Giante suffersd a aignificantly higher mor-
tality than did White Leghorna, New Eaumpehires or Rhode Island Reds.

EFFECTS OF DIET: The role of diet in influencing the course of infections with B, temella
is not understood at the present time, In this country widespread interest bae been evi-
denced In the role of the diet in coccidioeie since Beach (1917) suggested that milk prod-
ucte vere of value in the control of this diseass, In the discussion of thie gubject it
is well to bear in mind as Mayhew (1934) has pointed out the mesning of the worde control
and treatment, Unfortunately, these terms have been used almost interchangeabdly in dis-
cuseione of the effsct of diet on this disease, Thersfore, in this work control will be
used in the gense of giving a preparation or a ration before birds are infected, in order
that infectlon may be controlled or prevented, wherses, treatment is the administration
after infection.

Beach and Davis {1925) reported on varicus methods of feeding milk products to
chickens and the resultant course in the control of coccidiosls, They were able to demon-
mtrate favorable results with 40 per cent dry skimmed milk, although the mortality In
birde given a mixture contalning 20 per cent lactoss was not as great as those on plain
mash, They attributed this success to an increased acldity of the cecum, Beach (1925)
used a porcelain spot plate and demonstrated that the pE range of the cecal contents
changed from 6.0 to 7.4 in normal chickens and from 4.4 to 5,6 by feeding various milk
preparations, and conoluded that the acid environment was unfavorable for the development
of coccidia. Numerous investigators have shown wide variations in the pH of the cecal
contente, but it seoms extremely doubtful if this im a factor influencing the effect of
milk productes in coccidiosis

Bocker and Wilke (19%8) carried out studies on the effects of various milk prepara-
tiona in the prevention of cecal coocidiosie. If dried buttermilk was incorporated in
ordinary ratione at a level of 10 to 4O per cent the severity of the infections was in-
oreased However, a modified Californla retlon conslsting of yellow corn meal 30 parts,
ground oats 20 parts, wheat bran 10 parts, dried buttermilk 10 parts and cod liver oll one
part, did not increase the severity of the infection nor result in any great decrease in
mortality, Although milk products in some of their rations did increase the severity of
the Infection as measured by mortallty, there 1s a poseibility of some other gubetance in
the ration which influsnces unfavorably the course of the infsction, Becker and Waters
(1938, 1939) have ehown that various combinations of dried skim milk in the ration predis-
posed birds unfavorably to attacks with E. temella. The use of milk products in control-
ling cecal coccildiosis im still unsettled,

Meyhew (1934) gave birds & LO per cent buttermilk ration after they were visibly sick
and using weight as a criteria of efficlency, concluded there were no beneficial results
from the treatment,

Jones {1934) could find no correlation betwesn the amounts of hemorrhage and mortallty
in birds on various levels of vitamin A and protein, although Allen (1932) had premented
data which indicated a bonsfit from high proteins and vitamin A,

Murphy, Bunter and Knandel (1938) observed in a natural outbreak of coccidiosis that
birds vhich were maintained on a low level of cod liver oil suffered much more severely
from the infeotion than those on higher levels, However, most of the severe effecte noted
in their work were undoubtsdly dus to the low levels of vitamins A and D, Baldwin, Wisvell
and Jankiswicz (1941) have noted that vhen ohicke were protected by the anti-hemorrhagic
faoctor, vitamin K, the mortallty in protected birds was only 10 per oent compared to TO
por cent in unprotected birds, However, Hawkins (1945) bae shown that nelther vitamin K
nor 2-methyl -naphthoquinons are of any value in decreasing the severity of cecal coocidi-
oale,



1o ‘ *rmmfm PROTOZOGCOGY

o

Holmss, Herrick and Ott (1937) have found that an inoreass in the per cent of caloium
in the mtlbn in the form oyetsr shell inoreased the mortality as compared to infected
birds cn a basal ration,

MISCELLAREOUS: Buith and Herrick (194h4) have published the only study on the respiration
of oocysts of B. tenella, although Hewkins (1943) briefly deecribed the reapiration of
this species through the procass of sporulation, The former worksrs have found that the
respiration of parasitized tlssues la greater than that of normal cescal tissuse. They
found that the oxygen consumption of oocysts for the firet 12 houre was quite uniform,
varying from 11,2 to 16,6 omm, of oxygen per million oocysts per hour, however, at 12
hours the rate increased to 35,2 omm, per hour, Thlse was explalned on the basis that no
vieible ohange 1s seen in the ococysts until they ars about 12 hours old et which time evi-
dances of divieion are sesn, This was in marked oontreat to the coneumption of the aporu-
lated oooysts vwhich varied from 0.16 to 1,30 omm,

These cbservations could bs explained by the work of Edgar, Herrick and Fraser (1944 )
on the glycogen content of oocysts. They noted that the unsporulated oocysts stored glyco-
gen vhioh prectically disappeared after sporulation occurred. Only a very small amount of
glycogen was noted in the central portion of the liberated sporozoite,

Pratt (1940) found that the effect of cecal coccldlosis rajeed the blood sugar and
similar increases occurred after withirawing large quantities of blood from normal chickens
The increase in blood sugar in E, tenells infections was not only noted in birde which
wore being fed continuously, but in those fasted for 19 hours, Pratt (1941) reported that
liver glycogen was considembly higher during the fifth and seventh days after infection,
but about normal on the sixth day and also noted = low muscle glycogen content on the
glxth day after infection., However, both liver and muscle glycogen vary within wide limits.

Waxler {1941) 1o additlon to noting the incresse in blood sugar found there was an
increase 1n blood chlorides on the sixth and seventh day of an infection with cecal coccid-
iosis, Wazler (1941) aleo found that by feeding concentrated physiological sallne, start-
ing on the fourth day after infection, that the welght gains were markedly greater and the
mortality lower, in those birde given the salt molutlon The fesding of the saline solu-
tion also resulted in a decrease in blood sugar,

DIAGNOSIS: A diagnosis of cecal coccldiosis may be mads from the appearance of the bloody
droppings, but should be confirmed at autopsy. It should bo borme in mind that oocyets a
are not passed until the seventh day following infection, and thues most of the eymptoms
and mortality occur before this time,

CONTROL: Cecal coccldlpais is a filth bornme disease and can only be controlled by sani-
tary procedures, Whatever method of control used, however, will only produce relative
freedom from the disease, as absolute freedom probably will never be attalned. Further-
more, subclinical infect.ions are advantageous due to the immunity resulting from exposure,
and ths consequant protéction of the birds, Despite the fact that light 1nfections may
e welcoms it camot be too strongly emphasized that only & maximum of clesanliness and
sanitation will attain this result without serious damage,

Herrick and Edgar {1942) end Edgar and Herrick (1944) bave carried out studies on
thes influence of feeding habite on the severity of cecal coccidiosie, They moted that
birds that have access to feed at all times are more resistant to coccldiocsis, that is,
birds on range, 3 tlmes as many dled when they were not fed from the provionu evening,
until 8 a,m, the following morning, in contrast to ohlckens which had feed presented to
them continuously. The reason for this is not known but In bdirds with an empty crop
oocyete and sporozoites were found in the ceca 1 hour after infeoction, whereas, in birds
¥ith full orope, 2-1/2 to.4 hours pasesd before they resched the cecs, It would seem,
therefore, that larger numbers of sporozoltes mmy bs able to reach the ceca in birde that
are off foed

In commection with control of coscidiosis & word should be said of the rols of ar-
thropods in the spread of infectlom, Baker (1933) has found that flies caught 1n poultry
yards and fad to parssite-free ohigks ware capabls in some ingtances of producing light
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infections, Metelkin (1935) tested severml speoies of flies and found that oocysta re-
mined unsltered in their digeetive tract and were viable for 24 hours, Delaplane and
Stuart (1935) noted that both sporulated and unsporulated oocysts could Be found in the
@ut of larvae of Muaca domestica, but when these were alloved to pupete and metamorphose
into adult flles, no infection resulted on feeding them to parasite-free chickens, Thus,
wmachanical arthropod transmisaion is definitely e posseibility, it is relatively unimportant
ﬁtzomrison to infection by plcking up sporulated cocysts in the feed water or on the
or,

The first point in control 1s to bsar in mind the distribution of the oocyste in the
poultry yard or house, Andrews and Tsuchiya (1931) have found that the heaviest acoumula-
tions of oocysts ocour under the perches, wunder the drinking founteins, in gediment from
the drinking fountain and under the brooder, In addition, they observed falrly large num-
bers of oocysts in the sall of chicken runs, from scraping near the feeders and in manure
piles and litter outside the houses, Thus all of these arems should require partioculsr
attention, Firet, all equipment could be thoroughly clean when put into use vith the first
batch of chicka, Second, place feeders and waterers and perches on hardware-cloth covered
frames so that droppings in these areas will not come In contact with the birds, Droppings
must be cleansd out under the frames at regular intervals, otherwise the frames are useless.
Third, provide feeders and waterers which as much es possible prevent birde from scratch-
ing or defecating on them. And fourth, see that the birds are living in a clean environ-
.ment by regularly changing the litter or covering the floor with fresh litter, If an out-
break has ogourred, it is neceseary that some measurgs be taken to prevent further infec-
tlon or reinfectlion. If possible, destroy immediately all infected birds. The viaslbly
unaffected birds may then be removed to clean quarters, or to other quarters temporarily,
while the house 1s cleaned, Cleaning ashould consist of dry oleaning. Since the presence
of moisture produces favorable conditions for sporulation, moisture should be avoided.

As no disinfectant 1s practical for farm use, deseication should be depended on to destroy
the oocysts, Horton-Smith, Taylor and Turtle (1940) described ammonie fumigation es suc-
cessfully destroying oocysts in a poultry house in a very short time, Thay recommended

3 oz./10 cubic feet of house,

Ae has already been pointed out, the fire-gun is useless Since 48 hours are required
for the sporulation of the oocysts of this specles, two practices are avallable to prevent
their ingestion, First, the entire litter may be removed svery day end clean littsr put
in, Or second, instead of removing the litter, more litter may be placed on the old after
it has been stirred up to insure aeration, This latter deep litter practice has been suc-
cessfully used 1n many parte of this country, and seems to effectively bury the oocysts
and prevent their ingestlion in large numbsrs Warmth and plenty of food and water ghould
be provided sick birds,

HBerrick and Holmes (1936) demonstrmted that 5 to 10 per cent sulfur in the ration
would prevent coccidiosis if 1t wae given 4 daye before the birds were infected. Holmes,
Deobald and Berrick (1938), however, showed that unless certain precautions were taken
birds on a sulfur ration would develop rickets Rickete dld not develop In those birde
fed 2 to 5 per cent of sulfur in the ration, if they had direct access to sunlight, had
2 per cent liver oll added to the ration or were irradiated 15 minutes daily, However,
in those birds that were fed these levels of sulfur (no rickets occurred) growth was poor.
In addition to the adverse effects of sulfur on growth, Herrick and Holmes (1939) demon-
strated that swlfur at a level of 5 per cent in the ration had an adverse effect on egg
production. Levine (1941) noted that sulfur may reeult in rickets, dermatitis, oloacitis,
poor feathering and retarded weight gains on prolonged feeding. Goff and Upp (191\&0)
studied the effects of the fineness of grind of the sulfur on 1tes efficiency and noted
that of the four grades tested, all prevented mortality, although they stated that the
finer grinds seemed to be more effsctive.

Goff (1942) found that birds are highly susceptible to cecal coccidiosis 2k hours
after sulfur is withdrawn, If deemed necessary to feed sulfur, despite the possible
damaging effeote on the bird, the chemical should not be fed at & level higher than 2 per
cent, Some birds may contract the infection at this level bdut the mortality will be low,
Bulfur given after infection 1s of no value,
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Levine (1941) found that sulfsguanidine at & levsl of 1 per osnt in the ration
maxkedly reduced the meverity of cecal ococcidicsie when given before infection, but msd
no valus after infection, Allen and Farr (1942) used 1/2 per cent sulfsguanidine 4n the
ration, and not only found that it gave marked protection, but that it permitted the birds
to acquire a 1light infecticn and thus resistance to infection after the sulfauguanidine
¥as withdrswn, They concluded that 1/2 per cent eulfaguwanidine in the ration wae high
enough to proteot birde from severe cutbreaks of cecal cocoldlosis, and yet to allow them
to acquire a resistance to the infection. No toxic reactions are noted in birds when kept
on thiz level of sulfaguanidine,

Sulfaguanidine at & Ievel of 0.5 per cent in the fsed given inmtermittently for three
days and removing it for three or four daya has produced satigfaotory results in the pre-
vention of the Aisease, BSome birds will succumb to the dissage with this Intermittent
mathod of medication, but the low cost makes ite use advisable over the continwous feeding.
This compound has some value 1f given when the first birds in the flook show evidenoces of
the disease, howsver, here it im not as effective as some of the other sulfonamides dis-

d under tr .

Flowers of ewlfur is similar to sulfaguanidine in being able to prevent oecal coc-
cidiosis if given before infection, It should probably not be given at a level higher
than 2 per cent. Although same birds mey contract the infectlon at this level, the mor-
tality resulting will be low and the detrimental effects of the compound will not be as
notliceable, Bulfur at higher levels will result in rickets, and other evidences of its
toxicity have been noted.

The status of the dlet in relation to the control of cecal coccidiosis is not well
understood at the present tims, However, widespread interest in the role of the diet has
been evidenced since Beach (1917) proposed that milk producta were of value in the control
of the disease. It ias poseible that milk products, 10 to 40 per cent of dried skim milk
or dried buttermilk, may de of some value before infection has taken place, However,
there can de no doubt that these producte are detrimental after infection has octurrsd,

Berrick and Bigar (1542) have noted that birde which have acoess to feed at all times
are more resistant to coccidivels than are birdes which are fed intermittently and infected
with ampty crops.

HBerrick, Bolmes and DiGiusti (1942) tested soms organic sulfur compounds and found
that loral thiocyanate and tetraethylthiuram monosulfids in single doses prevented the de-
velopment of cecal coccidiosia, but that continuous feeding of these compounds not only
failed to prevent the infaction, but was toxic to the ohickens, Harwood and Guthrie (1943)
bave found that triethanolamine hydrochloride, amd mixtures of micronized wettable sulfur
with urps wers apparently of value as a prophylactic, but failed when given 4 daye after
infection, Morehouse and Maytield (19%4) have also ahown that some of ths aryl arsonic
acids in very emall amounts in the drinking water are of velus in preventing infection,
but again are of no value after infection cocurs, Harwood, Stunz and Wolfgang (1547) found
that 5-nitro furfurel semi-carbizons was effective when given bafore infection and up to
two days after infection.

Swalas (1947) has developed = new method for the control of cecal coccidiosis which
combines immmigation and therapeutic control of the d1lseass. BHe recommendsd that speocial
pens be maintained in which susceptible birds are placed whers it is known they will be-
come Infected, Three to four days after being placed in this psn they are tresated with
sylfamerazine or sulfemethazine, preferably the sodium salts, Thias will prevent the de-
volopment of symptoms and mo: ity, or reduce it to & neglible amount, The infeotion has
boen established lang enough for the immmization of ths birds, and thus give future pro-
tection, This method showdd be resorted to only in special casese and only under competsnt
suparvision,

TREATHMENT: After the eymptomg of cecal coccldliosis have becoms obvious there is no treat-
nant for the individual bird, However, as the flook is usually regarded aa a wnit some of
the never drugs may be of value, If thess drugs are to be bf valus they imst be used at

5
.
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the earlisst possidle moment. This requires that every bird which dies or is siok must

?nmg,mateve firvet & of blood st be_rec . Many
isgnoses are made in the flook when the majority of the birdes are sick or dying. At this
tims the peak of infectlion hag been reachsd and regariless of the treatment given recovery

will snswe. The most lmportant point that should be emphasized in the treatment of cecal
coccidionis, is that moet remsdies recommended are of absolutely no velus,

Sulfamsthazine and sulfamerazine at a level of 0,5 per cent in the mash or preferably
the sodium sslts at & level of 0.2 per cent in the drinking water are effective, Hawkins
(1945) and Delaplans et al (1947) found that sulfaquinoxaline is aleo effective, The lat-
ter investigators showed sulfaquinoxaline at levels of 0,0125 to 0,033 per cemt in the
mash 1a effective, however, levels of 0,05 per cent are toxic if fed constantly, although
this latter dosage is satiefactory vhen given intermittently, 1.e., fed four days and
omnitted four days,

Ths so-called "milk flush" 1s not to be recommendsd for birds exhibiting symptoms of
coocidiosls, Repeated triale have shown that milk produocts given after infection has in-
creasad rather than alleviate the severity of the dlssase.

Horton-Smith and Taylor (1942, 19k%, 1945) have demonstrated that sulfamsthazine and
eulfadiazine are of value in the treatment of cecal coccidiosis up through 4 daye after
‘ infection, These compounds were given in the mash and as satwrated solutions substituted
for the drinking water, In artificially induced coccldiosis they showed that these com-
pounda were efficacious and also the treated birds developed a strong immunity to reinfec-
tion.

Bawkins (1943, 194k) and Hawkine and Kline (1945) demonstrated that conoentretions of
sulfamethazine in the mash of 0.4 to 1.0 per cent were effective for treatment, but sulfa-
methazins levels of 5 0 to 6.0 mg, per cent by the fifth day after infection are necessary
to prevent loss. They noted that sulfamethazine interferred with normel weight gains in
minfacted birde, but weight losses in treated infected birde were slight compared to los-
@es in untreated infected chickens, 8Swales (194h), Hawkins (1944) and Hawkins and Rausch
{1946) have shown that sodium sulfamerazine in the drinking water 1s as efficacious ae
either sulfadiazine or sulfamerezine and slightly lees toxic, Further, it has the advan-
tage of being given in the water which ie consumed in larger quantities by Infected blrds,
whereas, the feed consumptlon and thus drug consumption is greatly lowered in infected
chickens, BSodium sulfamerazine is very effective in conceatrations of 0.2 per cent in the
drinking water, Ripsom (1944) and Ripsom and Herrick (1945) have shown that this group of
sulfonamides will prevent the development of the sexual stagss. As to the use of these
drugs little can be sald, but it would seem advisable that birds be given the drug as soon
a5 a dlagnosis 18 made, but they should not be maintained on the treatment for more than
5 daye,

Hardcastle and Foster (1944) demonstrated that 2 per cent borax in the mash protected
birds when given for 2k hours, not later than 72 hours, after infectlon, providing that it
ia given in the 72 to 96 hour period, Three-tenths per cent in the water was apparently
as effective and not a8 toxic, At the present time this drug cannot be used because of
ite marked toxicity.

Finally, to retwm to the use of milk flush for treatment, there is ample evidence
that when milk products are used after infection they incresase rather than alleviate the
severity of the infection,

Bimeria necatrix, Johnson, 1930
SYNORYM: Rimeris avium,
DISEASE: Chronic intestinal coccldiosis of chickens,

A93Y:  Chioken,
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MORPHOLOGY: 'The ocooyste of this spscles are smmller than those of Rimeria tenells and
are passed in the faces unsporulated, The elze of the cooyste is 13,2 to 22,7 microns in
lsngth and 11.3 to 14.2 microns in breadth and averages 1h.2 mlorons wide and 16,7 miorons
long. It overlaps the measurements of E. tenella as well as those of some of the other
epecies In the ohicken, Coneequently, size 1s an wnreliable ¢riterion for diffarentiation.
The oocysts are broadly oval in ehape and the oytoplasm more nearly fille the cyst than is
the caes with E. tenella and sesms to be more irregular in outline, The cyst wall 1s
quite emooth and there 1s no apparent micropyle. The amall refractlle granule seen in the
enterior end of E, tenslla does not seem to bs present in this specles until a short time
before cleavege of the cytoplamm occurs, Sporulation requires 48 hours at room tempera-
tures in the pressnce of adequate molsture and oxygen. The spores are elongated and oc-
oupy & larger space in the oocyst than i1s the case In E, teneila. Otherwlge, the oooyst
is elmilar to the previously desoribed species

LIFE CYCLE Although only e limited amount of work has been done on this speciss, the
bionomice end developmsnt of the oocyat ie similar to that of E. temella, The descriptiom
of the life cycle of thie species ie due largely to the work of Johnaon (1930) and Tyzger,
Theiler and Jones (1932), Infection occurs by the ingestion of sporulated oocysts and the
liberation of the contalned sporozoites, although Levins (1940) infected birds by placing
merozoites in the crop and intestine. The liberated sporozoites average 8.6 microns in
length, There is a large amount of hyaline eosinophilic material and the nucleus lylng
anterior to this mass 18 near the pointed anterior end, After liberation from the oocyst,
the sporozoltes very rapidly penetrate the epithelial celle of the glands of the small in-
testine, They may be found in epithelial cells in as short a tlms ae an hour after infec-
tlon,

The development of the Generation I schizonts and merozoites after the penetration
of the sporozoites 1s almost ldentical with that in E. tenslls, except that the latter
occurs in the cecum and E necatrix in the smll intestine, The first generatlon mero-
zoltes are liberated into the lumen of the glands 2-1/2 to 3 days after infection, They
do not shov any great tendency to & disseminate, but penetrate adjacent epithellal cella.
A characteristic of this specles 1s the development of very large generation echizonts in
the sub-epithelium Johnson (19%0) has found these schizonts ranging in size from 32,96
microns to 39,14 microns by 53 56 microns to 65 92 microns, averaging 38.07 microne by
51.73 microms, The schizont divides into a slightly larger number of merozoltes than 1s
the case with E tenella, The merozoites of Generation II are alsc smaller than the lat-
ter species, The size ranges from 1,5 microns to 7 § microns by 2.0 microms to 11,25 mi-
orons and average 1.8 microns by 8,06 microns They are relatively thicker and present a
more stubby appearance. The nucleus 1s located posteriorly and showe & variasble number
of granules in the cytoplasm The Generation II msrozoites begin to be liberated in the
lumen during the fifth day after infection, but occur in greatest numbers on the sixth,
aeventh and eighth daye.

In E. necatrix infections there is from the begimning a marked lack of uniformity in
development, At the time the Gensration I merozoites are being formed at the end of 2-1/2
to 3 days mAny earller stages of development also occur, some oven remalning in the gporo-
zolte stage without any apprecisble increase in sire, While such forms do not appear in
large numbsrs Tyzzer, Theller and Jones (1932) reported the presence of cne unchanged
sporozoite in an epithelial cell 5 days after infection. They also noted that blrds con-
tinusd diacharging Generation II merozoites up to the twenty-third day after infection,

In another bird they found what were apparently immature Generetion IT schizonts at the
end of 18 days, stages comparable to that attained by moet schizonts in L daya.

The development of the third generation, vhether asexual Or ssxual, ocours in the
oecum rather than the small intestine, Five days after infection Gensration II merozoites
may be seen penetrating the epithelium of the osoum, The surface eplthelium is heavily
infected, but some will penetrate the glandular epithelium, Same of these merozoltes will
develop into gametooytes, dut the gresater proportion will initiate a third aserual genera-
tion, The number of assxual generations ocourring in the ceoul is not known, but it seeme
that more than ons develops. The schizonts oocurring in the cecum are small oompared to
those in the smll intestine, and cause no marksd reaction in the host cell whioch ls merely
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astretched into a sac with the growth of the parasite, In gome areas large numbers of
achizonta may be found in the epithelium, somstimess 3 or 4 in & single cell, In the case
of several schizonts in a single csll they are in oonssquence gquits amell, axd restit In
the production of Correspondiingly emll merogoitea. However, with single schizonts the
meroroltes produced may equal in aize those of the gecond generation, These schizoats in
the ceoum never produse a large number of merozoites, soms may hawve only & or 8 while
othere may have as many as 16,

The gamstooytes are similar to those produced by E. tenella but in ocontrast to this
gpecles large muwbers of them are never found at one time, Oooysts are first passed In
the droppings esven days after infsction, Thie species very closely resemdles E, tenells,
axoept for the ocourrence of the first two asexual gensrations In the emall intestine,
However, even those forms in the amall inteastine olosely resemble E. tenella.

COURSE OF THE INFECTI0N: The prepatent pericd of E, pecatrix is 7 daye, 1f it i mssumed
thie period represents the time from infection to the discharge of oooyste, As in cecal
coocidiosls the time required for the passege of cooysts is longer than the incubation
perlod of the dimease, Severe hemorrhages may ocour on the £1fth and sixth days after in-
fection. Ths length of the patent periocd in the case of expsrimental birds in which the
infeoction ia prevented is very eimilar to that of E. temella; cocysts of E, necatrix hav-
2.\:3 'b?m found in the droppings up to 19 daye aftsr infection by Tyzzer, Theiler and Jones
1932).

B. pecatrir infections are often referred to as chronio coceidiceis, however, this
dose not mean the infection itself will persist for a long perlod of time, As wlll be
pointed out in discussing the histopathology of this infection the chronicity is due not
to persistence of Infectlion but to scar formatlion in the small intsstine, Although the
infection does not persimt for long perlods, i1t ie present in rather a high percentage of
sub-¢linicel cases, According to Levins {1940), who examined 39 chickens which showed no
symptoms of coccidiosis, 15 were lnfected with E. necatriz.
1MMUNITY: R, pecatrix 11ke B. tanells has only been found in the chicken and there have
been no succeasful attempts to tranefer it to other hosts, There is alsc marked organ
specificity. The first tvo asexual generations occur in the small intestine and aucoceed-
ing generations, both asexual and sexusl occur in the cecum, In oontrast to the ags re-
eistance to B. tenella which develops at about 3 months, Tyzzer, Theiler and Jomes (1932)
have shown thet younger birds ere more resistant to infection with E. pecatrix than are
clder dirds, They noted that the mortality in birds 8 days, 35 daye, 52 days and 73 days
wes 14,3 per ocent, 87.5 per cent, 100 Per ¢ent and 100 per cent, respectively, Thay be-
lieved this Inverse age resistance was due to a lack of physical and physiolgical maturity
of the small intestins.

Tyzzer, Theiler and Jones (1932) have shown that in infections with E, pscatrix an
immmnity w111l develop to reinfection the sems as in E, tenella., Either & single heavy
infection or repeated iight infections will result in a merksd protection, They alsc made
intsresting histological examinations of immme birds, finding that sporozoites were in
the epithelial cells of both immuns and nonimmune birds an hour after infection. In the
nonimmme birds the sporozoite on sntering the epithelial ocell indents the nucleus and
stimmlates an increase in volume of both the nucleus and cell cytoplasm, At the end of
2k hours in nonimmme birds the parusitized cell has incremsed in eize and at 656 hours
oumerous Generation I schizente are found, However, in immune birds, although the en-
tiance of the sporozoite dents the cell nuclous, it apparently is not capable of stimulat-
ing any increase in size of the hoat cells, Un the contrery, the sporvzoite in the immune
bird appears to be shrunken, often shoving no atructure apert from the eosin staining
granule, The cytoplasm of the invaded hoet cell shows evidences of ssrious injwry amd 1s
often characterized by the presence of only a few shreds of granulss.

PATAOLOGY: Gross evidences of infaction ms desoridsd by Tyrzer, Theiler and Jones (1932)
with this parapits are noticed on the fourth dey after infection and sre distributed
throughout the smmll intestine, moatly ooncentreted in the miadls third, These early
changes are visible as suall te opecities seen through the sercus, but not through the

'
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mieous gurface, These represent the developing second gemeration schizonts which are dsep
in the mmeosa, Tive days after infeotion the white spots have increased in eize. The le-
slons eeldom exceed  millimster in diameter, but they may ooalesoe and becaome much larger,
At this tims there 1s a varying degree of distension of the gut, particularly through the
middle third where it may be greatly swollsn, The wall from the serous surfsce is a dull
red ahd on closs examination peteochial hemorrhages may be seen spreading from the white
opecitisa representing the second generation merozoites. There is a marked loss of ocon-
tractility of the gut wall which becomss friable and often appears gangrenous.

It will bs found on opening the smell intestine that the areas of greatest involve-
ment mey be filled with either clotted or wnclotted blood. The wall is greatly thickened
and & dull red, indicating approachirig vencue stasis, No evidence of infeotion in the
oeoa may be noted grossly, However, dus to stasis of the contente in the amall Intestlinse,
the ceca ars contracted on a mass of uarkedly dehydreted meterial, Gross emaciation is
found in seriously affected birds

The primary damage produced by this parasite 1s associated with the developmant of
the second generatlon schizonts end msrozoites in the sub-epithellal tiesuss, These le-
slons are strikingly similar to those produced by E tenella. While the changes are tak-
ing place in the migrating epithelial cells, acute inflammatory processes are developing.
Granular leucocytes begin to accumulate with the first invasion of glands dy the sporo-
zolte, however, the degree of Infiltration varles. Bome areas are extensively infiltrated
while others contein scarcely any leucocytes  Hemorrhage into the lumen of the gland mey
be first noted at the end of the third day and increases in the course of the infection
The hemorrhage ae in E tenells 1s apparently not due to defects in the blood vessels, at
first, but to widespread leakage, With discharge of the Genemation II merozoltes and the
ocourrence of widespread hemorrhage aseociated with the sloughing of the epithelium, the
processes of repalr commence,

By the end of the sixth day a network of fibrin is found in destroyed areas and in-
termingled with 1t numbers of mononuclear cells A few daye later connective tissue celle
are found in the fibrin mase The destroyed areas rapidly become f1lled with connestive
tlssue, Thus, the chronlclty characterized by this infection is not assoclated necessarily
with a persistence of infection, but with extensive ecar formation which consequently in-
fluencee absorption,

The after effectes of E. necatrix Infections are much more severe than those assoclat-
ed with g tenella, the reason being that large areas of the entire amall intestine are
destroyed @o the absorption of nutrients will never again take place It has been our ex-
perience that birde suffering from infectione with this parasite are worthless to keep and
try to develop into producing birde In oontrast to the etatement of Becker (19%34) this
species 1s not too important because 1t is uncommon, we have found it a common cause of
losees in poultry flocks,

CONTROL AND TREATMENT: The control and treatment of F. necatrix infections is easentially
the same as that for B. tenslla. Sanitatlon and cleanliness are nscessary to rrevent se-
rious infections and compounds such as sulfaguanidine and sulfur may be used to prevent
infection, It is probable as Levine (1941) has ashown that elightly higher concentrations
of sulfaguanidine are necessary. He belleved that 1-1/2 per cent ls necessary to prevent
infection, although lower concentrations as used for E. tenslia would undoubtedly be ef-
faotive under fileld conditlons, Limited triale by Hawkins (mpn‘blishod. data) on the use
of sulfamethazine as a therapeutic agent after blood began to be passed In the droppings,
ashowed the drug would prevent losasss, but dirds falled to develop satisfactorily on re-
covery,

A recent report by Delaplane et al (1947) showed that sulfaguincxelins is also of
velus in thie infection.
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Bimgrts brumeitt Levine, 19k2
7037: Ohioken,

HORPNOLOBY: The oocysta of this specles are papsed in the feces unsporulated. The cocyst
of B brunetti mesasure 20,7 miorons to 30,3 mivrone in length and 18,1 microns to 24.2
miorona in width and averege 21,7 microns wide and 26.8 microns in length. With the ex-
ceptlon of E, maxims thie 1s the largest of the occysts descrived from chickens, The
opoyste of this specles are oval and, according to Levine (1942), can be differentiated
from those of B, marima by ite smller size, thinner wells, more ourved walls and more
rounded ends, Sporulation of the oocysts requires 24 to hé hours at 300 C, A refractile
body appears in the sporwlated oobyst but its position varies coneidsradly. It 1le most
often found at the narrow end but may be found among the spores, 8ome oooysts may oontain
two or three of these bodiss.

The oocysts of thie specles are first discharged in the feces 5 days after infection,
The stages in the tissues have not been studied,

It would seem, ae Levine pointed out, the differentiation of a new speciss solely on
the basia of oocyst size was unreliable However, by making use of immnologloal and
pathologioal oriteria, eimilar to those used in charecterizing the species of Llelshmanis
he has undoubtedly established the valldity of this species By immunizing chickens
against E. hagani, E, mitis, E. prascox and E, maxima it 1s still poseible to infect them
with B, brunetti, Eimeria tenella and E neocatrix would be ruled out by pathology and the
time required for the cocysts tc appear in the droppings, Furthermore, a chicken immmniz-
od againat E. brumetti is susceptidle to infectlon with any of the other apeciss, but not
E, brunettl, Morthermore, E, brunetti reaches its peek of oocyst production between 9
a.m, and 3 p.m, in contrast to E., hagani which had ite peak between 3 p.m. and 9 p.m., as
d.izestg;rmitis, E, prascox end E, maxima 6 although the peake in some are not as sharp as

o '8,

PATHOLOBY: The location of the parasite and the leslons produced are different from those
of any other speciea of coccidlum in the chicken. The organlsm localizes throughout the
lover half of the smll intestine, rectum, ceca and cloaca, in very heavy infeoction even
the upper intestine mey harbor organisms Light infections produce no visible gross le-
eions Moderate infections result in the thickening of the gut wall and pink or blood-
tinged catarrhal exudates. The droppings may become quite fluld and dlood-tinged. These
changes occur 4 to 5 days after infection and persist for several days

Hemorrhagic ladder-like streake are found on the surface of the mucosa of lower in-
testine and rectum. Bevere Infections result in & necrotic enteritis wvhich may sven in-
volve the entire intestinal mucosa, with the sloughed mucosa in the lumen somstimes ap-
pearing liks cottage cheese A dry necrotic membrane may form the lining of the intestine,
usually patchy rather than continuous, Clrcumascribed white patches may be sesn through
the serosa and in some instances perforation of the gut wall with resulting peritonitis
occurs, Although the cecum may aleo be the aeite of severe lesions, these are restricted
to the tubular portion, No gross lesions othar than & reddening of the mucosa occur in
the dilated portion, although ooccysts may be found in scrapings throughout the cecal mu-
cosa,

CONTROL: The control measurss are sssentially the same as those described in infesctions
vith X, temslla, except that according to Levine (1945) sulfur has no effsct in prevent-
ing infection,
TREATHERT: Unknown,

Eimeria mrvulgn_.v Tyezor, 1929
WOsT: Chiocken.

NORPFHOLOAY: The unsporulated ococysts of this apecles are egg-shaped and measure 13.7 mi-
orens to 16,3 microng breadth, by 17.7 microns to 20,2 micrans 1n length and aversge 14,5
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microns in breadth by 19.5 microns in length, There 1z a thinning of the tOBYst ak she
narrow end with & elight elevation at the margin, The ococystzs develop very repidly after
being passed from the body, sporulation being complete in 20 hours.

SYHPTONS: The outetanding characteristic of this species 1s ite tendency to devslop super-
ficlally in both the asexual and sexual steges in the upper half of the amell intestinse,
Oocyste are dischlarged in enormous numbers 4 daye after infection. Although this infsction
18 often referred to ae a cause of chronic coccidiosls, 1t 1 extremsly doubtful if birds
infected with thie parasite encountered more than a slight set back, Levine {1940} in an
examination of 39 birde with no symptoms of infection found that 53 per cent were infected
with E, acervulina or E. mitis (the two wers not differentiated),

Dickinson (1941) studied the effects of variable doseges of E. mcervulina oocoysts on
chickens and found that massive doses only produced a temporary drop in welght and a com-
plete temporary cessation of egg production. Howsver, in & short time weights and egg pro-
duetion were almost back to normal, During the period of 4 to 9 days after infection he
noted the birds were noticeably droopy, pasasd leas feocss of a slimy mucold character and
ate much leas food. However, he stated that even the administration of 500,000 sporulated
cocysts of E, acervulina daily for 50 days 4id not produce a permanent detrimental effect.

PATHOLOGY: No marked pathological changes occur in E, acervulina infections comparable to
theose Been In the previously described specles, The lesions produced by this spescies may
be recognized by a thickening of the intestine and by white streaks usually running trans-
versely acroes the mucosa of the duodenum, although they may go as far as the middle of
the mmall intestine. These streaks consist of accumulations of schizonte and oocysts
vhich may be obeserved in large numbers from these areas, A ocatarrhal exuiate may be pres-
ent, but hemorrhage ie only rarely obaerved as would be expscted from the superficial po-
sltion of the parasltes.

CONTROL: The control may be carried out in the same manner as in B, tenslla except that
Dickinson and Scofield {1939) bave demonstrated that sulfur 1e of no valus value in preventing
infection,

TREATMENT: Unlknown,
Eimeria maxima Tyzzer, 1929
HOST: Chicken,

MORPHOLOGY: The oocysts of this specles are the largest coccidia of the domestic fowl,
They measure 16,5 microns to 29 8 microns in width and 21 5 microms to 42.5 miorons in
length and average 22.6 microns wide and 29.3 microns long. The cyst wall is often
8lightly roughened, sgg-chaped and has a yellowlsh appearance, After being discharged in
the droppings, the oocysts eporulats in 48 hours,

LIFE CYCLE: The parasite may bte distributed throughout the amall intestine, but 1s most
comuonly in the middle third, The asexual ptages occur superfioially next to the nucleus
of the epithelial cell and the sexual stages which are quite large in contrast to the
agexual, are found desp in the epithellal cell, Due to the size of the sexual stages the
spithelial cells are much enlarged and may be displaced intc the retioular base of the
epithelial laysr, Oocyete are discharged at the end of 6 days, RElimination of oocyste
will ooocur for a few days after which they will disappear and the birds are refractory to
reinfection,

PATHOLOGY: This species may be responsible for a blood-tinged catarrhel enteritis. The
condition cannot be diagnosed from groae leslons, but by finding the large cocysts in
scrapings of the mucose & differentiation may be made., The exact status of this species
as regards pathogenicity is not known, but 1t is probably in the same position as E.
acervulina, Levine (1540) observed thie species in 28 per cent of 39 birds.
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CONTROL: The control of this species im the same as desorided for E. tenella, ezcept that
sulfur will not prevent infeotion,

TREATNENT: Unknown.
Eineris hagani Levine, 1938
nosT: Chioken,

This is ons of the three nonpathogenic specles of Eilmeria oocurring in the chicksn,
The oocysts are oval ani measure 11; 3 microne to 19.5 miorons in breadth and 15.8 miorone
to 20.9 microne in length, avomgmg 17.6 microns wide and 19.1 microns loag. Sporulation
requires 2k to L8 houra. The development of this parasite in the tisdues has not been
followed. Oocysta are dlscharged in the droppings 7 daye alfter infection, Groesly the
infection may be characteriged by pin-point like hemorrhages in the anterior half of the
amll intestine, but these leslons are not chammcteristio enough to permit recognition
of the disease. The epecles wvas determined, as was E. brunettil, by both its position and
by lmmmologlcal studies. The oontrol of this specles is the sams as for E. tenella ex-
cept that sulfur is of no velue for prophylaxis.

TREATNENT: Unimown, probably unnecessary.
Eimeria mitis Tyrzzer, 1929
#osT: Chicken.

This is the second of the nonpathogenic species occurring in the ohicken, The oocysts

are nsarly sphsrical in shape and measure 13.0 microns by 17.0 microns wide and 14,3 mi-
crons to 19.6 microns long, averaging 15.5 microns wide and 16,2 microns long., Sporula-
tion occurs in 48 howrs at room temperature Thie speoles 1s found in greateet numbers

in the upper portion of the small intestine and may develop ln the cytoplasm of the cell
belov the nucleus, Oocyste are discharged 5 days after infection, No gross lesions ars
Produced by the Parasite and it apparently produced no damege to the host, Levine {19u40)
found that 53 per cent of 39 dirde were infected with E mitis or E. acervulina {the two
were not differentianted)., The infection may be controlled as outlined under B tenella
except that sulfur is of no value as a prophylactic,

TREATMENT; Unknown,
Eimeria preecox Johmson, 1930
#08T: Chicken,

This is the third of the nonpathogenic epecles of Eimeria ocourring in the chicken,
The oocyst 1e oval ani messures 15 7 microns to 19.8 microns crons wide and 19,8 microns to
2k,7 miorons long, averaging 17.1 microns wide and 21,3 microns long. Sporulation occurs
in 48 hours. The organism is found in the upper third of the emall intestine with the
various stages developing superfioially to the epithelial ooll nuwoleus, Ko gross lesions
of infection are evidsnce. Levine (1540) in an examination of 39 sub-clinical cages found
this species in 335 per cent of the birds. The infection may be controlled as desorided
for X. tenslla except that sulfur is of no value for prophylaris,

TREATHERT: Unknown,

Einers moleagridis Tyster, 1927
WesT: Turkey:

The cooysts of this speoies are ellipmoidal in shape ani messure 19,1k miorens to
7nms1mmau5aeo251umm averaging 17,33 miorans wide and 23.79
“miarons long. Tbewmumuuumakhomtorwmtian. At this tinme several
& u

i

-
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globular inclusions may de seen in the oyst, Oocysts are found in the droppings 5 days
aPter infection. The development of this species according to Tyzzer (1929) seams to
be confined to the cecum sinde the oocysts were confined to this region, slthough in
Joung poults he has found that the lower half of the small intestines and the greater part
of the large intestine may be involved,

The steges occurring in the tissues have not been completely worked out, but the
parasites ooour only in the surface epithelium, rather than the glandular epithelium,
The parasitized cell shov no marked reaction to infection, although 1t ie gredually die-
tenled and eventually destroyed. The schizonts are large and in contrast to the other spe-
cles of Bimeria. Tyzzer (1929) could not infect ohickens, pheasants or quail with this
species, It 18 relatively nonpathogenic in turkeys,

Bteward (1947) dose¢ two young chickens with 300,000 and 260,000 sporulated oocysts
of E, meleagridie from turkeys and a third was kept uninfected as e control. The chickens
became infeoted and passed oooysts which resembled those from the turkey, Turkeys were
subsequently infected with oocysts obtained from the chickena, Slight variations were
noted on the mesasurements of the cocysts of E. meleagridis in chickens. E. acervulina
from chickens was not infeotive to a coccidia-free turkey chick,

TREATMEAT: Unknown, probably unnecessary

»

Eimeria meleagrimitis Tyzzer, 1929

-

HOST: Turkey

This specles has relatively broader, more cvold oocysts than E, meleagridis and mea-
sure 16.% microns to 20.46 microns and 13,2 microns to 17 23 microns wide and averages
15,28 microne wide and 18,12 microns long Tyzzer (1929) pointed out this species agrees
very olosely in morphology and in location in the intestinal tract with E, mitis of the
chicken, although chickens could not be infected. After infection cocysts are discharged
in the droppings in 6 days, a day longer than is required for B mitis

The paraaites are distributed throughout the small intestine, occurring generally in
the eplthelium of the villi Moat are found deep in the eplthelial celle below the nu-
cleus, although some are superflcial to the nucleus. No subepithelial forme have been
found, The schizonts measure from 6 to 9.5 microns long by 5.8 to 7.7 microns broad and
usually produce about sirxteen short, thick merozoites.

There is little evidence as to the pathogeniclty of thls specles, although it seems
that E, meleagrimitis may occasicnally produce a serlous infection partlcularly in turkey
poults about two weeks old, WNo characteristic asymptoms are evidenced, Infected birds are
1ligtless, with drooping wings, ruffled fsathsrs and a lightish-brown diarrhea or abnormally
ohalky discharges. At post-mortem s catarrhal enteritis in the lowar half of the emell
intestine may be notsd and in severe cases the Intestine may be filled with a whitish-grey
seml-gelatinous pus oontaining numerous oooysts, This exudate is found adherent to the
surface of the intestinal wall and leaves the area denuded when scraped off, A definite
diagnosis can only be made by demonstreting the oocysts under the microscope.

The status of coccldlosis in turkeys is not known, but it is not the problem which
is present in ohiokens, However, further investigations could profitably be carrisd out
with these speciles,

TREATMERT® Unknown
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Eimeria truncate Railliet and Luocet, 1890
103T: Goose,
DISEASE: Ronal cocoidiosia,

Like coocidiosis in turieys, little is known of these paresites in the gooame,
Eimeria truncata, although apparsntly an uncommon paraslte of the goose in the Unlted
States 1a oxtremely interesting becauss of its habitat, It is found in the epithelium
of tha uriniferous tubules of the kidney the only host among the domestioated birds or
anipels whioh suffer from remal cocdidioeis. The oocysts ars truncate at the anterior
end and according to MoNutt (1929) measure 13 to 15 microna wide and 20 to 27 microns
long., The sporulation time is reported to be 5 days and a resid.ual body ie found in the
sporulated oocysts,

MoRutt (1929) has desoribed an outbreak in Iowa, the first case of its kind reported
in the United Statee, Losses vere confined to goslings, with the old femnlee in this case
carrying the infection for at least two years, One year an 87 per cent lose resulted in
100 goslings, the second year a 17 per cent lass in 30. Loamses occurred in the young
geeae from three weeks to three months of age and the younger the bird the more fatal the
diseage, The course of the infection is rapid, infected birds becoming weak, emaclated
and dying in one to three days. Ducks or chickens ralsed with the geeas were not affected.
The kidneys are greatly enlarged, very light in color, showing on the surface and through-
out the kidney substance amall nodules, streaks and lines, which on gross examination could
not be dlstinguished from retained urates, The entire kidney is affected.

Miorpscopic examination showed that the coccidia deetroyed the cellms of the tubules
both directly and by swelling and pressure affect against the uninfected adjacent cells,
About 20 per cent of the tubules were affected, They were so engorged with urates and
coccidia they appeared to be five to ten times the dlametsr of uninfectsd tubules, Allen
(193%2) found E. truncate in the Intestines and kidneys of 4 to 6 weeks old goalings in
Washington, D, C Sections from infected birds revealed that the coocldie had invaded the
intestinal muoosa.

TREATMENT. TUnknown,
Eimeria phasiani Tyzzer, 1923
#03T, Phsasant,

The ooccyste of this specles are quite elongate and ellipsoldal and measure 13,2 mi-
croos to 17,82 microns in width and 19.8 microns to 26.4 microns in length and average
15.89 microns in width and 23,04k microns in length, One or more polar inclusions occur,
Sporulation takes 24 hours and a development Period of five daye Is required from the time
of infection until ococysts are discharged 1n the droppings.

The reaction of invaded cells, which ere in the lower small intestine and cecs in
greateat mumbers, are peculiar to this species, The parssite passes bemeath the nucleus
of the opithelial cell, ceusing a marked enlargement, The cell becomes ballooned in the
portion contalning the pucleus and parasite (portion next to the lumen), while the distal
portion assumes the appearance of a stalk, The swelling of the cell vould indiocate that
it 18 eliminated on ths completlon of the parasitic development without leaving any seri-
ous defect in the inteatinal epithelium,

This speciss 1s not infective.for chickems, turkey or quail, There ls apparently
some Iimmmity against this, specles as 1t ocours falrly comonly in young pheasants, but
only to a slight extent in mature birds,

TREATHEST: Unknown, .
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Eineria dispersa Tyzzer, 1929
nosT: Quail,

The ocooyste of this apscies in the quail are ovidal In shape and measure 17,16 mi-
crone to 26,4 microns in length to 15,44 microns to 22,4k microns in width and averages
168.84 miorons wide and 22,75 microns long, Tyzzer (1929) noted elight veriation from
this size in different hosts and strains, The oooyats of E. disperss differ from any
others found in gallinaceous birds by the absence of any well-definsd polar inclusions in
the oocyst, Eporulation takes place in 2k hours, although in some straine up to 72 hours
may be required, with very large spores being produced., On infection oooyets are dis-
charged in the feces four dayas later, The time varies. In the turkey end pheasant five
days are required for the passage of cooysts, The heaviest infection occurs in the Pirat
part of the small intestine, with the parasites occurring in the epithelium of the villi
rather than that of the glands,

This spscies ocours naturally in the quail or "Bob-white" (Colinus virginianue yir-
ginianus), Cross infection with this species has been obtained In the turkey and slight
infections occurred in the chicken, E. disperss of quall origin has not been transmitted
to pheasants (Phasianus oolchicus togguatusg, but E, disperss of pheasant origin has been
transmitted to quail., In quail thie parasite exhibits poor immunizing power, as evidenced
by the fact that 1t 1s extremely difficult to rid dbirds of infection.

The pathoBenicity of this species is not understood; however, it is probable that any
loeses it may produce are in young birde, Older birds appear relatively resistant.

TREATMENT* Unknown,
Eimeria labbeans Pinto, 1928
HOST* Pigeon,

The ococyste are elliptical or round and light yellowish drown in color. No micropyle
is visidle, The oocysts measure from 15 to 26 microns In length and 14 to 24 microna in
width,

The sporozoltes after penetrating the epithelial cells of the intestine develop into
trophzoites, During the process of schizogony 15 to 20 sickle-shaped merozoites are formsd.
This requires about three days

The actual pathology produced by this parasite has not been studled in detail,
TREATMENT: Unimown

Eimeria angusta Allen, 1934
HOST: Grouse,

Thie coccidium has been reported from & few occasions from the ceca of grouse, The
oocyste are elliptical and measurs about 16 to 17 by 27 to 33 microns in eize, Little 1s
known concerning its pathogeniclty
TREATMENT: Unknown,

Eimeria bonasse Allen, 1934
#087: Grouse,

Oooysts are spherical and adbout 21 microns in dlameter, They occur in ths small in-
testine, Its pathogenicity is unknown,

TREATMENT: Unknown,
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Tyezeria psrnicosa Allen, 1936
#08T: Ducks,

The cooysts of this species are elliptical and measure 9 to 10.8 microns wide and 10 -
to 13,3 microns long. There is no visible operculum or micropyle, They differ from the
sporulated cooystes of Eimeria by lacking dhores, but having the 8 sporosoltes lying free
inside a thick cooyst wall. Sporulation requirea about 24 houra and resulta in the pro-
duction of 8 sporozoites measuring about 10 microns long and 3.5 miorons wide, A large
regidual mass iz present, .

The parasltes develop in the small intestine with at least 3 generations of schizonte
ooourring, since schizogony continues long mfter oocysts are first formed, Oooyste are
first observed in the droppings eix daye after infection Experimental infections resulted
in & high mortality in young duoks, No characteristic symptoma occur.

Macroecopically, inflammation and hemorrhage is noted in the amall intestine, espe-
clally in the upper half, and small rounded, white spots may be seen from the serosal sur-
face., In severe cases the lumen of the intestine may be filled with blood, and a Cheesy
exudate may be preasent, with the epithelial layer of the mucosa sloughing off; sometimes
sections of it being intact and can be lifted out as a tube, The leslonse resembls those
of E, necatrix in chiockens. Microacopically, it 1s noted that the parasite penstrates
both the mucosa and sub-mucosa to the muscle layers, vhich is much deeper than obaerved in
mogt species of coccldla, In heavy infecticpe the majority of the celle are infected,
with their subsequent destruction

GENERAL RENARKS: Although coccidla are undoubtedly of common occurrence in ducks and
losses due to this parasite has been described, very iittle can be sald concerning the
specles concerned,

TREATMENT: Unknown.

Cryptosporidium sp

This group of coccidia usually occur in mice Tyzzer (1912) reported Cryptosporidiun
in the intestinal epithelium of ohickens However, the specific identity of these forms
has not yet been made. The mature oocysts contain four sporozoites

LIFE CYCLE: Unknown,

TREATMENT: Unknown,

ORDER*  HAEMOSPORIDIA
Family: Plasmodiidae

Plasmodium Marchiafave and Cellf, 1885

The malarial parssites are not of any economic importance in poultry in the United
Btates. However, malaria is one of the most widespread and serlous protozoan dissases of
man. The disease is transmitted in nature dy anopheline mosquitoes,

Enormous amount of investigations have been carried out with avian malaria as a test
organism for the development of anti-malsrials for humen therspy. Bird malaria is trans-
mitted by culicine mosguitoes with the exception of one species, Most of the ressarch has
besn condusted with canaries, The specise of malaria used include Plasmodium cathemerium

P. lophwee, P. prascox and P. gallinaceum,

Plagmodiu gallinaceum, normally ccourring in chickens in Oeylon, does not ooour in
ths United Btates, var, 1t 1- being maintained in certain laboratories where studics

"
. “
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are baing mads bhecause of its close relationship to human malaria, It 1s highly patho-
genio for ohickens, Camplete information can be found on bird malaria in the excellent
sonogreph by Hewitt (194D).

Family: HNpemoproteidse
Haemoproteus columbae Kruse, 1890
#0sT: Pigeon.
Di8EASE: Plgeon malaria,

MORPHOLOGY: Only the morphology of the stages seen in the peripherael blood (gemetocytes)
will be described in this section. All stages of growth of the gametocytes are seen in
normal eized red blood cells in the periphemal circulation of pigeons, The mature gams-
tocytes are elongated, sausage shaped bodies partly or in soms instences completely en-
circling the nuoleus of the red cell, The nucleus of the red blood cell 1s usually later-
ally dieplaced by the organiam, Thers are & number of pigment granules ecattered through-
out the cytoplasm of the parasite,

The miorogametocyte has hyaline cytoplasm stalning & pals blue and a nucleus which
is diffus and astains pink in dried films with the Romanowsky stains The pigment gran-
wles in the microgametocyte are frequsntly eggregated into several groupa. The macrogames-
tosyte has a denser oytoplasm than the male and staine & darker pink or red in comparison
to the microgametocyte and & distinct karyosoms may amometimes be seen The pigment gran-
ules are uniformly distributed throughout the cytoplaem.

LIFE MISTORY: Further developuent of the gametocytes requires thelr removal from the
blood stream of the pigeon by a hippoboscid fly, Pseudolynchis maure. Microgametes are
formed in the atomach of the fly by the process of exflagellation, Fertilization occurs
and the zygote develops into an elongate motile ookinete, Theses penetrate the gut wall
and form oocysts on ita outer surface, The oocysts reach maturity 10 to 12 days after the
fly is infected, whersupon they dburst and liberate large numbers of eporozoltes into the
body cavity These sporozoites migrate to all parte of the body, particularly the salivary
glands which are engorged with them The cycle ln the hippoboscid fly is very eimllar to
that of the true malarial parmsite in the moaquito.

Infection of the pigeon ocours by the introduction of the sporozoites by the btite of
the fly, They enter the blood stream and penetrate the endothelial cells lining the blood
vessels, partlcularly in the lungs, llver and spleen where they undergo schizogony. The
sporozolte after entering the host cell, rounds up and undergoes growth acoompanied by
division of the nuoleus, The cytoplasm of this echlzont breeks up into 15 or more cyto-
meres, each with a single nucleus. The nucleus of each cytomere nov undergoes repeated
division until the cytoplasm of the host cell, greatly hypertrophisd, becomes filled with
a number of multinucleate bodies Within sach of these bodles la formed the merozoites.
The achironts may be eeen with fully formed merozoltee which will show the old cytomere
atrusture (Huff, 1942). These mature schizonts with their contained merozoites are tor-
tuous, and may send out branches along the caplllaries so they may be dbifurcate,triradiate
or even multiradiate, These atages occur about four weeks after infection.

At this tlme the schizonts will break down and libverate the merozoites which enter
red blood cells; gametooytes ooccur 28 to 30 days after the infeoction. Sametimes ae meny
as & dozen merozoites will penetrate a red blood cell. EHowever, it is only rarely that
more than one mmture gametocyte 1s seen in & cell, indicating that sither cells with
multiple infections dle or aocms of the parasites leave the oslls, These soon beoome
slongate and appsar as mature gametocytes,

SYNPTOMS: The effects of thism parasite on the host vary from infectione which appear to
ba benign with no symptoms to those which are fatal, There are no aymptoms pathognamonio
of this diseass, Usually, there are no outward symptoms, the only indication of infection
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being the pressnoe of gametovoytes in the red dlood cells, In mild infections the birde
are restless and off feed for several days. This disease is either thrown off or becomes
chronic, In the latter inetance the birds are anemic, generally weakened, and usually die
following exposure to unseasonal climate conditions or after the breeding season.

In pome birds acute cases may develop in the late spring or early summer, either as
the result of a relapse from a previous infection or from a new infection. The birds lose
flesh rapidly, are uneble to fly, refuse food, become droopy and may die. A high percent-
age ol the red blood cells in such cases ars paresitized,

PATHOLOGY: There are no lesions characteristic of this infeotion except the presence of
gametooytes In the red blood cells, The liver and spleen may be swollen and blackened,
8mll areas of focal necrosis may occasionally be eeen of the liver, Variable pigment de-
posits are seen in the lungs, done marrow and testes.

TREATMENT: There 1s no known treatment.

CONTROL: This infection will be controlled only be eradication of the louse fly on pilgscns.
The simplest way 1s to clean the nests and floors thoroughly every 3 weeks in order to re-
move the pupae, The pupal stage lasts about 25 daye. The pupas are amooth and round and
drop to the bottom of the neat boxes or floor, where they may roll around freely Pyreth-
rum powders, derris or cube or IDI will effectively destroy the flies on the pigeons. Cold
weather will usually kill the flles in lofts in the northern parts of the United States

BERERAL REMARKS: Coatney (1933) hes followed the course of the infection in pigeons par-
ticularly as regards the occurrence and charecter of the relapse He has found that re-
lapses occur with extreme irregularity and oould not be ertificially induced, Birds could
recover from an infection and still be susceptible to reinfection

Baemoproteus lophortyx O'Roke, 1930
HoST: Quall,

This speciss has been reported from the California Valley quaill and 1ts 1life history
has been studied by O'Roks (1930). It 1s transmitted by the hippoboscid fly Lynchia
hirsuta The organism has been found extensively in wild quail in California and in breed-
ing flocks on game farms,

TREATMERT  Unknown

Heemoproteus sp.
HOST: Turkey.

Moreshouse (1945) reported on the presence of Haemoprotsus in a turkey poult from
Texas. He belisved thie to be a new specles, but since it was found only in a single dird
no specific name was presented The poult had an anemic appearance, It was aseumsd this
was assocleted with the Haemoproteus infection,

TREATMENT: Unimown,
Leusocytozoon pimondl Mathis and Leger, 1910

SYRONYN: w%m anatls Wickware, 1915,

MOSTS:  Ducks, .

RORPHOLOOY: Omly the structure of the attenuated gametocytea will be discussed in this
section, not the round foris found in the blood stream a few days earlisr. The attenuated
mature gamstooytes are seeh in the blood stream adout 10 daye after infection. The mture
miorogametooyte oocurs in greatly emlargsd host cells, The jarmsite lies jarellel to the
- w 3
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olongated nucleus of the host cell, the latter avereging about 45 microns in lemgth.' The
mele gamstotyte ineide the cell ig 3.1 to 4,2 microns wide and 14,7 to 18,9 microns long,
The oytoplasm stains a pale blue, with Giemsa or Wright etain and conteins numerous amall

plgusut granwles, The nuclsus 1a diffuse, 3 to 4 microne in dlamster, oval in shape and
pels pink in color, The macrogametocytss are slightly larger as 1s the parasitized cell,
The host oell averages 55 microns in lsngth and 10 to 15 microns in width, the spindle-
shaped parasite within the cell is 3,2 to 4.4 microns in width and 14.5 to 22 microns in
length, Ths oytoplasm stains a much darker blue than in the male gametocyte, and it algo
contains numerous pigment granules, The nucleus is central, spherical and about % microna
in dismeter, It 1s a compact nucleus stalning & dark red color and has & distinct karyo-
aome,

LIFE H13ToRY: The beat descriptions of the 1life history of this parasite are those of
O'Roke (1934) and Huff (1942), The earliest stages are the schizonts, They are found in
macrophages or to apme extent extracellularly in the liver, spleen and occasionally in
the bone marrov, The amellest forms are ovoid bodles 1y1ng within vacuoles of the in-
fected hoet oell and shov & separation of densely staining material into two parts. The
breaking up of thess areas of darker stalning meterial is apparently continuows, The
amall forms in ths liver are very simllar to those occurring in macrophages. The large
forme £111 the cytoplasm of infected hepatic cells, In each hepatic schizont there is a
multiplication of the denser masses which are called cytomeres. When the cytomsres fill
the entire cell they break into mmaller bodles (merozoites),

In thewmature hepatic achizonte the msrozoites are arranged haphazardly without any
trace of the earlier cytomeras Megaloschizonte develop in the heart, aspleen and occasion-
ally In the liver and inteatines. The amallest form of this stage 1s very similar to the
hepatic schizont, The parasite soon fills the oytoplasm of the host cell which may be a
macrophage, The host c¢ell nucleus continues to increase in size until it 1s many times
ite original volume, Cytomeres form in the msgaloschizonts and their development closely
regembles those seen in the hepatic schizonts., Several hunired individual cytomerss will
be found in one cell, and meagure from 3 to 5 microne in width and 5 to 9 microns in
length The final atage in the schizogony of the megaloschizont, which may reach a size
of 60 to 105 microns, 1s represented by the formation of a large number of merozolites,
These are first aepamted into islands corresponding to the original cytomeres and then
becoms arranged haphazardly.

It 1s not yet clear whether the gametocytes result from the merozoltes of the hepatic
schizonts, although 1t 1s probable they originate from the merozoitee of the megaloschiz-
onts, At the time these merozoites are being liberated, the blood stream contain many
young stages of the gametocytes, The earliest ea.matocytes have been seen in myelocytes
and late polychrometophil erythroblasts from the myelold series, in lymphocytes, monocytes
and macrophages of the non-granular series, The only cells in which Huff (l9k25 wag able
to find closely spaced stages of growth were the lymphocytea, The great distortion suf-
Fered by the host cell during the growth of the gametocytes has been a source of constant
confusion to investigators. This hae led not only to a varied classification of the in-
feoted hoat cells, but some workers question whether the host cell is actually present,
Huff (1942) preaentad evidence that pointe rather conclusively to the lymphocyte and mono-
cyte an being the normal host cell, He believed that errors in the past have hesn due to
mistakes in dlegnosing cell typees after they have been altered beyond recognitlion, al-
though he recognized the poseibility that different specles may Infect different types of
cells,

The sarllest gametocytes are first sesn in the circulating blood seven days after in-
fection, They are oval in shape, 1 to 2 microns in dlameter and may occur anywhore in the
cytoplasm of the host ¢cell. As it Increases 1n size the nucleus of the host cell 1z pushed
to one side and appears as a creecent-shaped, merginal band staining e dark purplish color.
The gametooyte inoreases in eize and remains spherical until it ie 9 to 10 microns in dia-
meter, The attentuated gametocytes are seen 1n the blood stream of infsctaed birds about
10 days after infection,
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Martin (1932) presented the view that attentuated gametooytes are probably degensrated
formes, and only the rounded forms undergo gametogeneais. Hs has ohaerved, in vitro, the
formation of micro- and macrogamstes only from the rounded forms, He alsp observed the
procese of fertilization and the development of the ookinete, These stages were eimilar
to those which have besn observed in the intermsdiate host. Whether or not these attenuat-
ed forms are actually degensrate organisms, has not been determined.

Further development of the sexual stages of L. simondi require that the gametoocyteas
be remcved from the blood etream by the black fly. Simulium venustum, S. nigro
8. occldentale serve as vestors of thia organism. After the blood hms besn removed by the
fly, the femele gametocytes rownd up end result in the forwation of the macrogamste which
is about 8 microns in diameter, At the same time the male gamstocytes round up and pro-
duoe 4 to 8 microgametes. These are very slender and 23 to 24 microns in length, They
Yecome actively motile organiems in the gut of the fly. BSoon after their formation ferti-
ligation takes place with the formetion of the zygote, Five hours after the dlack fliea
bave fed on infected birds the zygote elongrtes and becomss an ookinete, The latter is &
vermiform shaped organiem averaging 3.3 microns in length and 4 .6 microns wide, The
ooklnste penstretes the stomach wall of the fly and resulte in the produotion of spheriocal
oocyeta on the outer wall, The exact time required for the development of the oooyst 1s
not known. Repesated division within the oocystes resulta in the formation of numerous
elongated sporozoites, Thse sporozoites are later liberated from the oocysts and find their
wvay to the lumen of the salivary glands, where they may be discharged into a susceptidle
host during the feeding activities of the fly,

At the presemt time only simuliid flies have been incriminated as veoctors of this
disease in duoks. EHowever, it seems posaible that other biting or blood sucking arthropods
may play & role in its transmiseion., It should be noted this organism cannot be trans-
aitted from infected to susceptidle ducks by the inoculation of infected blood which con-
talns only the gametocyts stage., It is necessary to trensmit the schizogonous forms, which
are not found in the blood stream and hence would not take place under natural conditions,
Thus, simple mechanical tranasmimeion of this disease from host to host 1s not possible,

SYNPTOMS: Ths outstanding characteristic of this dimeass 1a the suddemnnesa with which it
strikes, A flook of ducklings mny appear to be active and well in the morning, by mld-
aftermoon or evening aot sickly and refuse food and the next morning they may be dead,

In very sick bdirds there is rapid and labored breathing dus to the mechanical obstruction
of the capillaries in the lungs by the paramsites. There is a brief pericd of nsrvous ex-
oitemsnt Just preceding death. In young birds from 10 days to a few weeks old these acuts
dymptoms are the most constant. Chronic adult carriers, aside from being thin, show no
symptome peculiar to this infection., Adult duske contracting the infection for the first
time do not exhibit the characteristic acute symptome of duckiings. They are liastless and
if they are vild ducks they vill appear tame and show little Interest in what 1ls occurring
about tham, Symptoms appear more gradually and it is unusual for an adult to die in lees
than 4 days after the disease hae been noted. However, death is not common in the oldar
birds,

If a duckling recovers from an acuts attack and becomee & chronic carrier of tke
parasite 1t my either be stunted and fail to grov., Bome birds become to all outward ap-
psarances normal, BHecovery, however, depends upon the mildness of the inltial attack,
but all recoversd birds remin carriers, In adult birde that suffer relapses no charec-
toristic symptoms are noted,

Mortality varies from O to 100 per cent in verious sectlona of the country and in
different outbteaks, O'Roke (1934) over a thres yeer period observed losses of 35 per
, 85 per oent and 57 per cent of the young duske under his cbservation, In adulta the
were very low, -

@ PATHOLOAY AND DIAGROSIS: The Dpathology Produced by L. simondi is not charecteristio,
There 1s a marisd hypertrophy of the liver, enlargemsnt and blackening of the spleen and
anemic Blood which has Jost its powsr to olot, & diagnosis sust be confirmed by the demon-
stration of the permeiths in ths Blood stream,
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TREATHENT: At the present tims there is no treatmsnt which is effective against this
dipsase, The kmown antimalarials and sulfonamides have not been shown to have walue,

TONTROL: Control at the present time rests primerily in the protection of ducks from the
attacks of the black flies, and the removal of the carrier ducks, The former may be caxr-
ried out afther by rearing the birds in areas free of black fiies or in screening the

ducke completely against the attacks of these flies, It should be borne in mind that
screening ie very difficult unless one wishes to use a very expensive fine mesh, wire
screen, Ordinary vindow sorsening with 16 meah to the inch im ineffective against black
fliss. A mesh of 32 to 36 mesh to the inch 1a required to prevent thelr entrance. If
vwire of this mesh 1s used the cost would be rrohibitive, therefors, e good grade of cheese-
cloth has been recommended &s being satisfaotory for one summers use.

leucocytozoon smithi (laveran and Lucet, 1905)
HO8T8: Turkey

MORPHOLOGY: DBoth micro- and macrogamstocytes occur in the peripheral blood of infected
turkeys about 9 days after infection The early forms ere roundsd, but thess later become
attenuated as in L. eimondi In wet smear preparations the zature gametocyte stages which
are much elongated with the hoet cell averaging 58.2 microns in length and 5.4 microns in
width, In stained preparatione the parmsitized cells containing the microgamestocytes mes-
sure 44,75 microns long and 13 75 miorons wide The microgametocyte measures 22,0 by 6 25
microne and the macrogamstocyte 20 25 by 6.25 microns,

The nucleue of the host Cell frequently appears as a lateral bar either on one or
both sides of the gamstooyte, in the latter cass the parasite occura botween the two bars

LIFE HISTORY: The 1ifo history of this species 1s not completely understood, Simulium
ni B8 venustum and 8. ocoidentale have been Incriminated as vectors of this or-
ganiem, B, slossonas has been shown by Underhill (194k) to feed on turkeys and it is
assumed this apeoles may 2lso tranamit the leucocytozoa, Savage and Ise (1945) reported

2 severe outbreak in Canada in the abeence of any simuliid flies, but reported nu-

merous stable flies and mosquitoes to be present It seems probable the development of
this speclies In the turkey regembles that of L, simondi 1in the duck, However, Johnson,
Underhill, Cox and Threlkeld (1938) and Johmson [19%2) have been unable to detonstrate any
schizogonous development The stages in the fly resemble those meen in L, simondi.

Simuliid flies ere found principally along stream and rivers, with the ewifter flow-
ing waters being more sultable than the eluggish The eggs are deposited on rocks and
sticke in the water The larvae and pupae are usually found attached to obJects one to
geveral inches below the surface of the water, The adult fly on emerging from the pupal
skin ariees to the surface of the water and takes flight at once, The adult flies are
blood suckers and will feed oh turkeye from late spring to early fall

The feeding flles attach themselves to the head and neck of the birds, and are not
saglly diaturbed until they bAve finished feeding. Usually the blood meal is completed in
2 or 3 minutes. The flies will apparently feed at any time during the day, but prefer
warm, quist bumid weather, and will not feed if there is a strong wind, Thoy are most ac-
tive Just preceding or folloving a rein vith the tempereture sbout 80° F, There is little
fesling at temperatures below 700 F, or above 900 F It is of intersst to note that black
flies will migrate coneidermble distances from their breeding places, spscies having been
recoversd feeding on turkeye 5 to 6 miles from running water,

SYNPTOMS: Young turkeys up to 12 weeke of age are chiefly affected. Vieible symptoms are
only noted for 2 or 3 days after which the birda have died or recovered, The onset of
symptoms is sudden, The powlts lose their Interest in fvod, appsar droopy and only move
about with 4i1fficulty. In the later stages of the disease any exoitemsnt will frequently
reosult in the death of the bimds, Ae in the similar infection in the duck recovery re-
sulta in the birds becoming oarriers, Many of these recovered carrier dirds develor a
ohronic form of the dlgease. The males pay little attention to the femmles and rarely
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strut  Molst tracheal rales are frequently present and they make repeated attempts to
olozr their throate Mortality varies from prectically no losses up to as high as $0 per
osnt,

PATHOLOGY: The spleen and liver ars swollen and enlarged, Thers mey be an enteritis
throughout the intestinal tract, There are no pathognomonic leaions of the dissass.

TREATMENT AND CONTROL: Bame as for Leucocytozoon gimondi,

OENERAL REMARKS. At the present time this diseass is probably prevalent throughout the
United States and Canada It has been reported on both the Atlantic and Pacific Coast,
along the gulf states and in Cansda. It 1s probably overlooked in many instances, due to
the lack of blood examinations,

Leucocyfozoon bonasae Clarke, 1935
HOST. Ruffed grouse,

Clarke {1935) descrided this paresite from grouse in Canads and showed that it wae
associated with & cyclic mortality in the grouse populstion, later, Clarke (1938) re-
ported on the relationehip between schizonts and gametocytes in comnection with seasons
end the age of the host,

TREATMENT*  Unknown,

CLASS. CILIATA
ORDER*  HOLOTRICHA

Family Frontonildae

Tetrahymena geleil Furgason, 1940

This cillate has been recovered from the digestive tract, infraorbital slnuses and
serous material under the eyelids of chickens by Knight and McDougle (1944) in Missouri,
The organism 1s pyriform in shape, 40 to 60 microns long and 15 to 30 microns wide. The
cytostoms is funnel-shaped and about one-tenth of the body length There are 17 to 19
ciliary meridiens and three distinct memdranellee in the mouth cavity in addition to the
undulating membrane,

The significance of this organism in chickens is unknown, as it is a free-living form
ugually found in etagnant pools In the flook parssitized with this ciliate, the organisms
could only be found In those birds showing e vitamin A deficlency,

TREATMENT Unknown, probably unnecessary

ORGANISHS OF UNCERTAIN ZOOLOBICAL CLASSIF(CATIOK

Avian Toxoplagma

Toxoplaema has been found to ocour naturally in pigeons and is tranamissible to chioks,
Wolfson 119515 gave a good review of the gubject, The method of trensmission is unimown,
Wolfson (1942) tranamitted a guinea pig strain to young chicks, duck and chick emdryos,

Chicken egge whioh were inooulated with human Toxoplaams developed macrosooplo lesions
on the chorio-allanto}o mesbranes in about 5 days. The liver and splesn vere somstimes
necrotic and contained Toxoplagma, The organism was regularly found in the erythrocytes
of Mogted ambryos.

TREATNENT: Unknown,
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“Avian Babesiasis”

MoKeil and Hinshaw (194k) reported the findliag of an intrasrythrooytic blood para-
site from 1l0-waek-old turksy poults. The organiams varied in diameter from 0.5 to 2 mi~
orons, It is located halfway betwsen the nuoleus and the edge of the red cell. They are
genarally round, oval or pear-shaped. Usually cne paraslte is found within a cell, never
more than two. It has been found also in the liver, The blood picture shows some ansuia,
Post-mortem examination revealsd a flabby heart, congestion of the intestine with disrrhes
and abnormel clotting of blood, The organiam resembles Sauroplasma thomesii,

TREATHENT: Unlmown, '
Sarcooystis rileyi (8tiles, 1893)

According to Erickson (1940) Sarcocystis sp, has been reported from twenty-one spe-
ciee of birds, eleven occwrring in the United States, There are very few records of its
pregence in the domestic fowl,

Bawkine (1943) noted the presente of 8, rileyl in chickens from Michigan. Baxcocyasts
were noted on the external surface in the thigh muscles, The parasite 1s somowhat more
prevelent In waterfowl, ducke in particular,

As mentioned throughout this book, Spindler et al (1945, 1946, 1947) have presented
evidente to show that Sarcocyetis actually is a fungus., Thls work has yet to be con-
firmed,

On esthetic grounde alons, birds or animels infected with Sarcoystis should not be
used for human consumption,

Erickson (1940) captured a pintail duck which wee in & weakened condition, It was
80 heavily infacted that all of the skeletal muscles and heart wera parasitized. The
duck vas quite emaciated. Of 43 ducks of elght species examined in Minnesota three or
6.97 per cent were infected with S. rileyl.

The sarcocyste In ducke measure from 1 to 6 mn in length to 0.5 mm In width The
crescent-shaped spores measure about 12 to 14 microns in length,

TREATMENT: Unlmown,
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RABBIT

CLASS: NMASTIGOPHORA
ORDER: PROTOMONAD [NA
Femily: Bodonidae

Retortamonse cuniculi (Collier and Boeck, 1926)
SYNONYM. Bmbedomonas ouniculi Collisr and Bosck, 1926.

The trophozoite measurea from 7.5 to 13 microns in length and 5.5 to 9.5 microna in
width, It 1s generally ovoid in shaps but occesiomally 1t ie obeerved with a tail-like
process, The body 1s alightly oompreseed, The cytostome is located anteriorly se ie the
nuoleus, There are two flagells, one delicate anterior flagellum which 1s approximetely
body length and a posterior flagellum which 1s thick ani one-half the lemgth of the body.
The oyet ia oval and meaaures 5 to 6.5 microne by 5.5 to 4 microns and conteins a central
nucleus. Divialon of the trophozoite occurs by binary fiesion, The flagellate is found
primarily in the cscum of domestic rabbits. It 1s not very common being reported once
from 2 totel of 50 rabbits examined The organiem is epperently nonpathogenic.

TREATMENT: Unneceseary.

Family: Hexamitidae
Glardia duodenalis (Daveine, 1875)
SYNONYN. g, ouniouli (Benesn, 1908).

This flagellate has besn reported sporadically to produce a serious disesss in
rabbits. More information is required. According to Hegner (1922) the average size 1e
15.8 microns long by 9.1 microns wide (range 12,7 to 18.7 by 7.7 to 11). The body ls
pear-pghaped. Two nuclei are present, Two axostyles are alao present terminsting at the
anterior end by & single blepharoplast, The dorsal side 1e convex, the ventral eide con-
ocave with a eucking disc in the anterior end. There are 4 pairs of flagella, Cysts forms
have been observed, ovel in shape and containing 2 to 4 nuclei. This orgenlam is appar-
ently nonpathogenic in radbits.

TREATMENT: Unnsceseary.

ORDER. POLYMASTIGINA
Family: Chilomastigidae

Chilomastix ouniouli Fonseca, 1915

This flagellate has bssn reported ssversl timse from the oceoum of domsstioc rabbite,
It 1s morphologiocally eimilsr to ¢, mesnili of men, The trophozoite 1e from 10 to 15
miorons in length with an extrems rangs in aize from 3 to 20 miorons. The anterior end
18 roundsd while the posterior end 1s drawm out to a point. A cytostoms is present. The
nusleus ia looated at the anterior end. Thers are three anterior flagella, The flagel-
laty reproduces by longitudinal fiselom. It is sapparently nonpathogenic.

TAEATMENT: Unneceasary. >
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DRBER: TRICHOMONADIDA
Tanily: Monoceroemonadidas

Monoosrcomonsé cunicull (Tanabe, 1926)

sSynonyus: Butriohomastix cunioull (Tanabs, 1926); Triohomestix ouniculi Tsnabe, 1926,

Thie flagellate oooure in the ceoum of the domestic radbit, It is pyriform in shape
and ranges from 5 to 14 microns in lsngth. Ths nuoleus is ellipsoidal with s large
karyosoms ani i looated anteriorly. The slender arxoatyls is hyaline and projecta from
the posterior end of the body, There are three anterior flagells and ons posterior or
trailing flagellum., It is apparently nonpathogenic.

TREATMENT: Umnsosasary,

CLASS: SARCODINA
ORDER: AMOEBINA
Famlly: Endamoebidase

Bodamosba ounicull (Brug, 1918)
SYNONYN: Intamoeba cunicull (Brug, 1918)

This amoeba has been cbserved on ssveral ocoasions from the intestinss of the rabbit,
It appears to bo similar to B. coll which was discussed in detail in Chapter V. The
trophozoites messure from 1€ to 20 microns, The oyste are oval and measurs from 10 to 20
microns in diameter. Typlcal oyste contain eight muolei, It is e barmlses commensal in
the digestive tract of the rebbit.

TREATMENT: Unnesceseary.

CLASS: SPOROZOA
ORDER: COCCIDIA
Family: Eimeriides

There are at lsast five walid spescies of cocoldla found in rabbits. The basio
oharacteristics of the specles reported from domsstic radbbitse in the United States are
given bdelow.

EBimeria stisdae Lindemamn, 1865

Oocyete range from 28 to 40 microns in length by 16 to 25 microns wids, The shape
1e mainly ovoidal or ellipsoidal and have a yellowish-orangs to salmon tint ooloration,
The micropylar end is flat and the mioropyls ie quite prominent, The oocyst walls are
thin, Sporulation time is hetween 50 sand 70 houre,

This species parasitize ths bile ducts, The oocoysts oolleot as ciroumsoribed white
nodulss on the surface of the liver. They make their way to the intestins tirough the
bile ducts, gall bladder and to ths cosmon bile dwot.

LIFE CYCLE: The endogenous oycle ocours in the epithelial cells of the bile dwotas,
Rarely, liver cells #r¢ inwaded, The species bae a definite organ-specifioity for ths
1liver, Oocoysts first appear in the fecsa 15 to 17 days after beooming infected, By the
22ud day the achirogony phiss bas deen oompleted.

In severe infections the liver may becoms enlarged to constitute 20 par cenit of ita
body weight, This was mm-m by .muum (1943), The inoresss of billary spitheliwe
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and proliferation of nav bils duots account for this enlargemyne

TREATHENT: Jankiewloe (1945) treated 8 rabbita with sulfasux

0,625 grans of the &rug in Tesd and 0.7 grams daily for 19 mns sage. oo sebbats serc
thea given 200,000 ocoyste of E. gtiedae, As oomtrols, b rablyts without.treatment wers
infeoted and 4 rebbita wers unfrested acd unimooulsted. AfLey 18 days the rabbits were
autopslsd and the livers examined grossly and wiorosooplioally  mye treaved rabbits wers
free from infection, The drug is moderately toxic whan given goy 4 period of 32 days,

SENERAL RENARKY: Eessel and Jankiewicz (1931) examinsd over

000 rabbit Ca.
and found only 9 per oent infected with this apscies, It was p¢ ::mn.iinmbﬁ:::?ri;n
5 weske to 3 months of age.

Bimsrie magna Perard, 1925

Ocoyste rangs betwesn 28 to 40 miorons long by 20 t0 26 yjopons in width. It 18
ovold in shape and 18 colored brown or yellowiah brown. Theiy :h:p, 1a :ypioally ovold
A droad miocropyls 1s distingulshabls at ths tapering end, 1
approximately 48 hours, ™ sporplation vime 1s

LIFE cYCLE: Ths endogenoua cycle rsquires 7 days. The paraa

Jojumum snd all of the 1lswn, Acoording to Rutherford (1943) 15 Feore epto ’;‘,::i’;,e
sporulated oooyets the eporocoites are starting to entsr the yyitpelial cells. Sohizonts
appear in sbout 36 hours. Firet gensration merozoites ars nOyineq after 4 daya. The
merogoites enter othsr epithelial cells to form either second gynaration achizonte or
develop into gametes. Microgametocytes wers obaerved after fyye gays, macrogamstooytes
on the £ifth and sirxth days.

TREATMERT: Lund (1945) used phthalysulfathiarole at dcass 8V raging 0.20 to 0.25 grains
per pound of body weight per day to control E. magna infectioLg =~ gome success was re-
ported

GENERAL REMARKS: EKessel and Jankiewicz (1931) found about 19 por gent of the rebbits
szamined in & survey in California were infeoted with E. magns

Eimerie irreeldus Kesesl and Jankiewlcz jg3)

Oooysts measure 38,3 microns long by 25.6 microns wide. , mioropyle is pressnt.
The shape 1e ovoldal to ellipsoldal. Time of sporulation reqiireg from 50 to 64 hours.

LIFE ¢YCLE: Thie ooooidium oocurs in the epithslium of the v4114 Prom the duodenum to
the lowsr ilsum, The heaviest infsctlon according to Rutherfory (1843) ocours in ths
first 18 inches of the inteetins. Sporozoites libarated from spsective oocysta are
aotive for three days and develop into sohizonts, After 6 da,, pavurne merozoites are
ssen, The meroroites are liberated by a gradual nsorosis of iy, w1111, They are free
to produce the seoond gensration of schizonts, Between the SEh and 8tk day macro- and
miorogametooytes appsar. From the 9th to 10th day well develiney oocyste are passed in
the feoes.

TREATMENT:  Unknown,

GEHERAL REMARKS: The inoidence of infection in California ad4orqing to Ksesel and
Jankiewioz (1931) was 10 per ocenmt,

Eimeria medis Kessel, 1529

The aooysts measurs on an average of about 31.2 miorons gp langth by 18.5 microna
in vidth, A mioropyls is present, Sporulation reguires 40 by, y

LIFE CYCLE: The endogenous phase of the parasite ococurs ia the gm11 intestins.
Sohdzonts develop In the epithelial cells between 12 and 2k buyny, On the 4th day the
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firet generetion of msrozoiles appear. The segend gemeretion of merosoites appeer ca the
6th day. Microgametocytes cocur on the Sth and 6th day as do the macrogametocytes.
Oooyate are passed in the fecee 6 days after ingeetion of infsctive ocoysts,

BEMERAL REMARKS: A survey by Kessel and Janktewior (1931) on California®rabbits showed a
12 per cent incidenos,

Eimsris perforans Leuckart, 1879

The cooyste are colorlses or light pink and measurs between 24 to 30 microns in
length and 14 to 20 miorons ia width. They are ovoildal or ellipsoidal in mshape, &
micropyle is not readily distinguishable., It ie the smallest of the coosoidia whioch ocour
in dcweatic rabbita. The sporulation time varies from 30 to LB hours.

LIFE CYCLE: The endogenous cyols ogours in the epithelial celle of the duodenun to lower
ilewn, Sporozoites anter the epithelial cslla approximately 12 hours after ingestion of
aporulated oocyets. Schizonts are formed within 12 hours and the first gensration of
marczoites cocur in 3 to 4 days. According to Rutherford (1943) the second generation
of merozoites appesar on the Lth and Sth day as do the micro- and masrogamstocytes.
Oocyste ooccur in the feces from 5 to §§ days after ingestion of infactive material, This
specles is the lsast pathogenic of the covcidia found in the intestins.

GENERAL REMARKS: The incidence of infection in California rabbits was 30 per oent accord-
ing to Keesel and Jankievicz {1931).

Baohman (1930) studied 57 rebbits from a colony free of parasites exospt for E.

‘orans. Animals with previcus infsctiones were immun® to sxperimsntal infection to the
same apscies of coccidia. Rabbite lmmune to E. perforens vers not resistant to infeotion
with E, gtisdas, Attempts to immunize rebbits sither actively or passively failed to
protect rebbite ageinst E. perforans.

Eimweria nsolsporis Carvalho, 1542

Thia spacles occurs in the apical proceass of ths cecum and the ileo-cecal valve of
cottontall rabbite in Iowa. Carvalho (1944} wae abls to infsct domestic rabbite with
this epecise.

Coceldiosies in Rabbites

Coccidiosie 1B very common and ia ons of the main causes of mortality by a protozoan
paragsite In our domeastic rabbits. Oocyste sre passsd out with the feces in largs numbers
and whan they contaminate food and water continual reinfection tekes place, Ons of the
moet compon mathods of infection ie by weans of contaminated fur, Rebbite licking end
grooming themselves after their fur 1s soiled by lying on esoiled floors or bedding bscowme
infected.

SYMPTOMS: Symptoms vary with the mumber of Infective oocyats ingested, Thie may

from a slight attack with no symptoms, to severs scuts attecks resulting in death, Young
animals Just after weaning ere most suscsptidls. Lose of appetite, diarrhesa and rough
occat ars other signs of the diesase. Rabbits dying of Intsstinal coocidioals gensrally
have an empty stomsch.

PREVENTION AND CONTROL: Good, s9lf cleaning butohes eiould be used, Contamination with
feces 15 prevented by having floore composed of hardware cloth or parforated shest 1iron,
Coccidia are diffisult to eliminate from woodsn or earthen floored hutchss, Even self
olesning butches should be cleaned at least onoe per month, PFeed and water containsrs
should be constructed sp that fecal ocontamination is kept at a minimm,

Sinoe older rebbits bécoms carriers it fa hslpful to separste the young ae soon e
poseidls,
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01AGN0818: Diagnosis can be made by association of symptoms and a miorosoopio examination
of the faoea for oooysts.

TREATMENT: Mors information is nssded on the treatment of soccidiosis in rabbits.

ORGAN{SMS OF UNCERTAIN ZOOLOGICAL CLASSiFICATION

Toxoplasma 8p.

Perrin (1543) reported on a spontensous Toxoplasma infsotion in e rabblt, The case
wes not recognized clinically, but was discoversd when tissues were subj)ected to histolo-
gloal atudies, The parasite appearsd as crescent-shaped structurss about 3.0 by 6.0
microne in size, No groes changes were obssrved at autopsy, More study is nseded on
this paraseitic diseaes, It ls of little veterinary importance at the preeent tims.

TREATMERT: Unknown,

Sarcocystis leporum Crawley, 191k

This parasite 1s quite common in the cottontail rabbit but so far as known has not
been reported from domestic rabbits. Erickson (1946) presented a complete review of the
parasite imoluding incidence and transmission in cottontailg. One domsstic rabdit that
cams in contact with heavily infected cottontails developed & light infection, In view
of the work by Spindler et al (1945, 1946, 1947) this organiem may be & fungus.

TREATMENT. Unknown,

FOK
CLASS  SPORDZOA

ORDER. COCCIDIA
Family: Eimeriidse

Coccidioais in Foxes

The ocourrence of ocooysta of coccidia in the faces of foxea has besn reported from
tims to time. S0 far as known, no comprehensive studies have been made on coccidlosis in
the fox., A oritioal study should be made on foxes by which the experiment ocould be con-
trolled by checking the diet of the fox, by repseted fecal eXaminations end the location
of the ssexual atags in the epithelial cells. The last preceution should be rigidly
followed as small mammals consumed by the fox may be hardboring cocysts and pass through
the intestinea without being digested.

As mentioned in Chapter VI ooncerning the coccidia of ¢ats and dogs, these cocoidia
invade the epithelial cslls of the amell irtestins, Apparently there are sbout four
gpscies of cocoidia reported from foxes in North Amsrica all belonging to the genus
Iscspora. Juet how importent coccidiosis in the fox may be from an economic standpoint
1o not known., The practice of ralsing foxes on wire has taken care of controlling the
dieesas in most inatanoes, The four specles mres liated below.

Isoapora canivelocie Weidman, 1915

This cocyst was recovered in ths fecss of two ewift foxes (Vulpes velox). Oocyat
range betwesn 20 to 40 miorons long and 25 to 27 miorons wije. The shaps ip extremsly
varisble from apherical, ovoid or ellipsoidal, Sporulation time 1s approximately 24
houra,
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Weldman found ocooysts within uloera produced in the small intestine and was of the

opinion that the organiam was pathogenic. It 18 not known vhether this parssite is
prevalsnt in foxes raised on fur farms,

TREATMENT: Unknown.

Isospora bigewina (Stiles, 1891)

This spacles 1s quite common in dogs Lee (193h) infected foxse experimentelly with
I. bigomina of dog origin and mleo infected dogs and cats with Isospora of fox origin.
Boeyata ressmbling I, bigamina were also cbeerved in naturally Infected foxes., Triffitt

(1927) describsd cocyats in foxss from Prince Edward Island, Cenmde which appear to be
this epecies.

Two types of oooyets ars rscognized, large and smell. Small oocysts measure from
10 to 14 microns 1n length by 7 to 9 miorons in width., Ilarge ococysts 18 to 20 microns
by 14 to 16 microns. A micropyls is not preaent. The shaps ie broadly oval to spherioal,
Sporulation usually occurs within 24 hours.

During the acute phasss of the dissass the spithelial cells are attacked but during
the chronic etages the infection ie confined to the subepithelial tissues, Alsoc during
the chronic stages, the oocysts undergo sporulation in the mucosa, rupture and release
aporocyets which are observed in the fecee. Mors investigations are necessary to deter-
mine the incidence of this parasite on fur farms and how important it is from an economic
and vetsrinary viewpoint,

TREATMENT  Unknown.

Isoapora rivolta Grassi, 1879

Oocysts msasure 20 to 25 microns in length and 15 to 20 microns in width., They are
oval in shaps with a micropyle at the tapering end, Oocysts resembling this apecies
have been reported from wild cearnivores. This speciss ls probably non-pathogenic. More
ressarch 18 needed on this epeclea. The incidence on fur farme 18 not imown.

TREATHENT: Unknown.

Isospora felis Wenyon, 1923

The oooysts rangs in length from 39 to 48 microns and from 26 to 37 microns wide,
It 18 a common parasite of the cat, Lse (193L4) infected e fox expsrimentally with I,
falie of dog origin. Oocysta were aleo observed in the feces of foxee which resemhled
I. fells. These oocyste could be used to infect cats end dogs. The pathogenicity in
Toxss ie not known, More reseerch is needsd on this coccidium,

TREATHENT: Unimown,

CLASS: SPOROZOA
ORDER: COCCIDIA
Famlly. Eimeriidee

Cocoldiocais in Mink .
Very little information is avallable on the different epecies of coccidia which

ocour in ranch raised mink, The species aa reportsd by Kingsoote (1934) and Levins (1947)
from mink are listed below,
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Elmeria mustelas Ivanoff-Godzem, 1934

This epevies was originally deesaribed from the weasel (Mustels nivalis) in Europe
& re)ported for the first time from mink in the United States (11.1in018) by lavine
The

The oocysts are subaphericsl; 16,1 by 1lk.k wmicrons in aize, No ococoyst mioropyle or
residual body present. The mserual oyole has not been etudied, The pathogenicity of E.
mstelas is unkmown.

Eimoris vison Kingsoote, 193k
"SYNONYM: Eimoris mustelse Kingsoote, 1934, not Eimeria mustelse Iwanoff-Gobzem.

Kingecote (193k) found this speoies oaueing death in mink from enteric coocidiosls.
Oocysta are oval to egg-shaped; the wall ia double layered, with a yellowish-brown inner
layer thicker than the extermal colorlsss layer. Ths wall ig approximately 0.75 microns
thick. No micropyls ia pressnt, The size rangss from 17.0 to 22,1 by 9,0 to 18,0 mioroms.
Average size is about 20.3 microne long and 14,6 miorons wide, Time required for sporu-
lation 1e about 7 daye.

Expsrimsntal animals (1 l;link and 2 farrets) fed infective oooyste passed nonsporu-
lated oocysta in € daye and disappearsd entirsly after L days,

Iavine (1947) brisfly dsscribed the oocysta of this epscies recoversd from a dead
mink, The oocyste wers 1lipsoidal and meesursd 22,8 mioroms long by 15.4 miorons wide,
No micropyls was observed,

Isospora digemina (Stiles, 1891)

This species is discusesd more fully in Chapter VI from doge and cats. It haa been
reportad infrequently from mink., levins (1947) reported ococysts of this species in a
mink from Illinois, The oocyst wall is very thin and stretohed by the eporocysts.
Oocysts measured 12,4 microns long and 5.0 microns wide. No oooyat micropyle or residual
body preeent, BEach eporocyet gontains a largs resldual body,

Iscspora laidlavi Hoare, 1927

Oooysts of thie aspecies were first dsaoribed from the ferret by Homrs (1927). It
wes reported for the first time from wmink in the United States by Levine (1947). Oocoyst
shape 1s ellipsoidal and msasure 34.0 microne long by 26.5 miorons wide. No micropyle
ie vieidble, Sporulation requires Tour days.

GEMERAL REMARKS: In viev of the fact that most ranoh raised mink are kept on wire-floored
pens or cages, the danger of coccidiosis has been reduced. Mink reised on the ground ars
more ept to becoms infected. Young mink may become infected by ingeeting sporulated
ococyete 1f keft in nesting boxes too long, The actual problem of cocoidioeis in mink has
not been studied.

TREATMENT: Unimown,
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Chapter 1X
D IAGNOSIS OF PROTOZOAN INFECTIONS

CLINICAL DIAGNOSIS

The clinical manifestations of protozoan diseases in dcmestic enimals as a rule are
80 gensral that in the majority of cases diagnosis cannot be based on symptoms alone,
The experienced veterinary clinioian may recognize certain oharscteristic symptoms, hov-
over, the final diagnosis requires the accurate identification of the protozoan parasite,

Some of the cliniocal symptoms msscclated with protozoan diseaess include mnemia,
diarrhea, dysentery, fever, eosinophilia and intestinal disturbances.

LABORATORY DIAGNOSIS

Acouwrate laboratory disgnosis regquires a suitable kmowledge of basio fundamental
proocedures including the akillful uee of the mioroscops, preparstion of material for
mioroscopic examination and practical experisnce in the recognition of protorzoan forms.

EQUIPMENT NECESSARY FOR THE STUOY OF PARASITIC PROTOZOA

The microsocoplcal study of parasitic protozoa, either in stained or fresh prepara-
tions requires certein equipmsnt and chemical reagents. The first easential apparatus
needed 18 a good microscops equipped with 5x and 10x oculars, low, high and oil immsrsion
objeotive, mechanioal stage and condenser. Othsr equipment includes a miorosoope lamp,

3 x 1 inoh glass slides, cover-glasges, teat tubes, disseoting needles, wire loops,
hemooytometer, centrifuge, toothpicks, specimen applicators, pipettes and a dropping
bottls of phyeiological salins, Chemicals for routine lamboratory work includs alcohol,
oarbolic acid, iodins solution, Wright's or Glemsa's atain and other reagents.

It is assumed that graduate veterinarians and protozoologiste are familier with the
microscope. There are many handbooks énd references on miorosoopy which oan be consulted
for further information.

The micron ie the unit of msasursment for microscopical material, Ons mioron 1
1/25,000 of an inch or 1/1000 of a milliweter. The apparatues used for measuring thia
unit is the ooular miorvmeter which is a soals etohsd on a glase disc. This diso fite
in the eye-plece of the microscope., The oocular micrometer ie standardized by the use of
& ptage miorometer. This i5 a glass alide vhioh has an etohed ecale divided into tenths
and hundredths of a millimeter. By superimposing the ooular scals with the stage
miorometer ths valus of saoch division on the ooular micrometer can be determined,

PSEUDOPARASITES

Many struotures or free-living protozoa may ooour in diagnoatio material, Care must
be exercised in the propsr identification of protoroa. To the insxperisnced diagnos-
ticien plant cells or othsr artifacts mey cause soms coufusion. The greatest sourve of
oonfusion inoludes ysast, fungi, pollen grains, starch granules, air butbles, oil
globules, mucus, epithslial cells and other tissue oells.

-145-
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DIAGNOSES OF PROTOZOA FROM THE ALIMENTARY TRACT

HOUTH

Sorapings should be made from the teeth and gums. Accumulations of tartar should be
examined. The only protozoa which ocowr in the mouth are the varioua apeciea of tricho-
monads of dogs, cate and horasa. Swabs of the mouth are often made on aborted bovine
fetuses 1n searching for trichomonadas,

FECES

Moat of the protozoa which live in the inteatinal tract are found in the feces,
Pecoa should be collected as fresh as possible and free from ecil, rocke, straw or urine,
The material should also be collscted in clean, dry, smell glase jars or one-half pint
wayed paper cups fitted with lide.

Groes mxamination of the fecal material may give esome information concerning the
oondition of the intestinal traot and the naturs of the diet, Some of the charscteristice
of feocea to obesrve include color, preasncs of fresh blood indiocates hemoxrrhage of the
upper intestins.

8inoe protorzoa are found more frequently after purging than in normal stoola, one
zay sdminiaster a salins cathartic. Thie should be dons only if normal stools are negative
and intestinal protozo® are still suspected,

Feces may be collsoted from the rectum by means of a blunt curette, swsb, or by the
hand enclossd in a rubber glove.

DIRECT SMEAR

A small amount of fecee 1s placed on a glass alide and with a toothpick 1s emulei-
fied in one or two drops of warm physiological salins. A cover-glass is placed over the
material and the preperation examinsd under the microscops for protozoa.

A drop of lodine solution may be added to the slide. Thia kille the motils tropho-
toites, Lovever, the various protozoa appear somsvhat differentiated.

IODINE SOLUTION

Potassium 10dide
Iodine -
Distilled vater

5.
1

HEIDENNAIN'S IRON MEMATOXYLIN METHOOD

1. A film 1s prepared by smsaring & small amount of material on a clean cover glase
to form & thin, moist filu,

2. Do not let the preparetion dry and fix from 10 to 20 minutea in Schauwdinn's
fluid by floating the cover glass, film side 4twn, in the solution vhich has
been varmed to 37° C. The solution may be made up In suffiofent amount to fill
a Petri dish, pfter fixation, the preparetion sbould be twrned over with the
film eide up.
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SCHAUDINR'S FLUID

Saturated bichloride of mercury 2 parts
Absolute slcohol (or 96% alcohol) . -1 part

The alcohol is mixed with the saturated solution of bichloride of mercury The 5%
glaciel acetic acid is adied immedietely before using

3. The fixative 1s drained off and the slide covered with S50% alcohol. The process
1a repeated several times to remove the fixative.

4. Place in 70% “odine-alcohol for 3 to 5 minutes, 70% alcohol 3 to 5 minutes; 85%
alcohol 3 to 5 minutes, 95% alcohol 3 to 5 minutes, 85% alcohol 3 to 5 minutes,
70% aleohol 3 to 5 minutes, S50% alcohol 3 to 5 minutee and 30% alcohol 3 to 5
minutes.

5 The slide is washed in tap water for 10 to 20 minutes end covered with mordent
for 15 minutes in incubator at 37°C Good preparations may be obtained by allow-
ing the mordant to act over night in an incubator

MORDANT

Farric ammonium sulphate 4 grams
Dietilled water 100 cc

6 The mordant is drained off, the slide washed in several changes of tap water 5
to 10 minutes and placed in 0.5% aqueous solution of hemmtoxylin for the same
period as used in the mordant.

HEMATOXYLIN SOLUTION

Hematoxylin (any standard hematoxylin) 0 5 grams
Distilled water 100 cc

The hematoxylin 1s dlssolved in 5 cc of 95% alcohol and diluted to 100 cc with dia-
tilled water It should ripen for at least two days before using

7 The material is differentiated in fresh 2% aquecus solution of ferric ammonium
sulphate (iron alum). This 1a the most critical step in the whole procedurs and
mist be done carefully The preparation is removed with forceps, dipped into
the solution and quickly rinsed in a beeker of tap water. The preparation should
now be examined under the low power of the microacepe to mee if sufficlent
differentiation has taken place If not, the process 1ls repeated until the
nucleus stande out blue-black, with greyish cytoplasm.

8. After differentiation, 1t 1s washed in several changes of tap water or rumning
water from 20 to 30 minutes.

9. The next step is deshydration in graded slcohols. 30%, 50%, 70%, Iodine-alcohol,
8%, 95% and absolute.

10. After clearing in xylol (oil of thyws or oil of cloves may be used) for 5 minutes,
the preparation is mounted in balsanm

HEIDENHAIN'S (RON-HEMATOXYLIN METHOD (RAPID METHOD)

1. Smears are made on cover glasses or siides; fixef in methyl-aleohol for about
five mimites end dried in the air.
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2. After washing in water, it i{s left in the mordant (4¥ iron-alum agueous) for
about three hours, prefsrably in the incubator. Crystals of ferric ammoninm
sulphate that are pure violet oolor should be used.

3. After vashing thoroughly in tap water the preparation is stained in 1/2% ripensd
hematoxylin for 1/2 hour. (0.5 gm. of hematoxylin fn 10 cc of absolute alcohol
and edd 90 cc of water. Ripen for 2 or 3 montha in sunlight.)

4, The preparation 1s washed thoroughly in tep water and differentiated in 4% irom-
alum until the muclel are well-iefined. Thim is controlled under the microscope,
washing amears in tap water before examinatlon.

5. After the mordsnt is washed thoroughly in tep water, the allde 1s dried in the
air, mounted with baleam and labeled.

FLOTATION METHODS

The flotation techniquea utllize a Aifference in mpecific gravity of varlous solu-
tions and of the protozoa. The difference in apvcific gravity causea protozoan cysts,
coccidla or trophozoites to rise to the surface while the fecal particles sink to the
bottom.

Sugar, zinc sulfate or a saturated solution of sodium nitrate is good for concentrat-
ing protozoa for disgnostic purposes. The use of the centrifuge is essential when time
1s limited.

SUEARER'S METHOD (BENBROOK HODUFICATION)

To prepare the fecal sample, one or two grams (one tablespoon full) of feces should
be removed from the contalner by a clean spatula or tongue 4epressor and placed In e
clean besker. Water is added and the material stirred until 1t appears as a uniform
emulelon. This material should be poured through a wire-gayze tes strainer, or cheese-
cloth which ia then discarded, into another beaker. A centrifuge tube 1s filled about
balf full of the fecsl liguid and an equal amount of the Flotation solution is mdded
The tubs should be oorked in some mammer and gently shaken until the solutlon ls thorough-
1y mixed with the feces. The material 1s then centrifuged for about 5 mimutes at & spesd
of 1000 to 1500 revolutions per minute. The surface layer of the fluid in the tube is
removed to a slide by a beaded glase rod or a wire loop.

The sugar sclution ls prepared as follows:

Gramuleted table sucrose 1,280 grams
Water 1,000 cc
Phenol solution (preservative) 5% 50 ce

A white corn sirup solution may be used instesd of the above mixture

Sirup . - 800 cc
Bot Water 200 cc
Malted phenol (1%) 10 ec

KOFOID AMD BARBER BRINE-FLOTATION METHOD

1. A fecal sample is thoroughly mixed with about twice 1ts volume of saturated
solution 5P bomwon tabBle seit 1n » paraffined paste-board cup or a small beaker.

2. A lightly compressed ciroular digk of No. 1 or No. O steel wool ebout one-eighth
to ane-quarter inch thick 1s placed in the cup and pushed to the bottom.

o
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3. The fluid ie elloved to stand for about one hour, during which time the protozoa
riss to the surface,

4, The surface film is removed with a wire loop about one-half inch in diameter or
& glase rod flattened on one end, placed on a slide and examined without a
ocover glass,

FAUST'S ZINC SULPHATE METHOD

1. A suspension 18 mede by ueing one part of specimen with about 10 perte of luke-
warm tap weter,

2, About 10 cc of the suspensicn 1is strained through a layer of wet cheesecloth.

3, The material is centrifuged 45 to 60 seconds &t high speed, The supernatant
fluld 1s poured off and 2 or 3 cc of water is added., After breaking up the
sediment more water is added to fill the tube, This 1s repeated (3 or L times)
until the supernatant fluid is clear.

&, The supernatant fluid is poured off and 3 to L4 cc of zinc sulphate solution of
specific gravity of 1,180 (33 per cent solution) is added. The packed sediment
ls broken up and more zinc sulphate solution is added to within about one-half
inch of the rim,

5, The material ie centrifuged for 45 to 60 seconds at high epeed,

6. With a bacterlological loop or glase rod flattened at one end the material
floating in the surface film 18 removed to m clean slide. One drop of iodine
18 added and a cover slip placed over the material,

MEDIA FOR CULTIVATION OF INTESTINAL FLAGELLATES
BOEK AND DRBOHLAV'S EGG SERUM MEDIUM

Four egge are broken intc a esterile flask containing glaess bemds, Fifty ce of
Locke's solutlon are then added and the ingredients well shaken., Test tubes are filled
with about 2 cc each to produce slante adbout J.% inchea long upon coagulating dy heat,
The tubes are overlaid with about L to 10 co of 0,7 per cent saline or looke's solution,
plugged and autoclaved at 15 pounds pressure for 20 minutes. Sterile blood serum (about
1 co for each tube) may be added asepticelly later.

Modifications of this medium are numerous. Ringer's or Looke's solution may be
subatituted for 0.7 per cent or 0,85 per cent saline. Thias modification has been re-
ported to grow Trichomonas gallinae and FPentatrichomonas gallinarum,

Allen (1941) added & emall amount of liver extract and defibrinated turkey blood to
the Locke molution overlay, for P. gallinarum.

TYZZER'S MEDIUM FOR HISTOMONAS MELEAGRIDIS
AND PENTATRICHOMONAS GALLINARUM

Agar 14,0 grams
Sodium ohloride - 6.0 grams
Potasaium acid phosphate 2.7 grams
Tep water 900 co

After the above are well mixed by heating in an autoclaved and cooled to 55°C, the
beaten white of one egg 4iluted vith 2 small amount of water is added, and the mirxture
cooked in the Amold sterilizer for 45 minutes. It should be well shaken every 15
minutes during this prooess. After the egg white has settled, the mirture is filtered
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through cotton, DH adjusted to 7.2, paased through filter paper, tubed, autoclaved and
slanted. The slante are overlald with physiologicel saline, horpe serum and rice steroh,
Iocke's solution with 5 to 10 per cent horse serum may be eubstituted. Tranafere should
be made every 48 hours, and culturea inoubated at LO°C. Kay (1946) oultivated P,
gellinarun in this medium,

DEVOLT'S MEDIUM FOR HISTOMONAS MELEAGRIDIS

NaCl 9,0 grams
CaCl [ - 0,2 greme
KCl 0.4 grams
NaHCO 0.2 grams
Glucoge 2.0 grame
Fresh clear turkey serum 20,0 oce
Aqueoue N/20 FaOH 20.0 cc
Digtilled water 1000.0 ce

The medium is prepared by edding together the above ingredients. Chicken serum is
equally suitable. Preclpitation of the serum proteins by heat in the autoclave is pre-
vented by the NaOR, This adjuste the pH to about 9.0, 7Ten cc of the medium are placed
in oculture tubes and plugged with cotton The medium is autoclaved for about 20 minutes.

Rice starch 1s sterilized in amall tubes by dry heat at 160°C, for two hours, One
or two milligrams of the atarch i1s added to the medlum, Cultures of Histomonae have been
propagated by DeVolt for over a year. Transfera are made twioce per week, and Incubated
at Lo®C.

HOBUE'S MEDIUM

The whites of 6 hen's eggs are mixed with 600 cc of 0.7 per cent saline, Glass
beads are added and the ingrediente thoroughly ehaken, The mixture is hested over a
water bath for 20 to %0 minutes being constantly agitated and then passed through coarse
cheesecloth and filtered. Five cc of the filtrate are placed in tubes, plugged and
autoclaved,

The above media oan be used by inoculation with feces and incubated at room tempera-
ture for 2 or 3 daye or 37°C for 24 to 48 hours and then examined for protozoa.

BARRET AND YARBROUGH'S MEDIUM FOR BALANTIDIUM COLI

Inactivated serum 1 part
Sodtum chloride solution (0.5%) 16 parts

The material ie sterilized by filtration and distributed In 8 cc portions in test
tubes,

Tubee should be inooulated with 0.1 cc of feces and incubated at 37° C for 24 hours.
Examinations should be made in 24 hours and transfers every 24 to 48 hours, Ringer's
solution oan be substituted for the 0.5 per cent saline,

SPORULATION OF 0OCYSTS
One or tvo per ¢ent potassium dichromste ie mived with & small emount of feces oon-

taining cocystes and plased in a shallov diah, The potassium dlohromate prevents putre-
faotion. This material should be examined microscoplcally within a few days,

i
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PRESERV NG PROTOZOAN CYSTS IN FECES

Foces are diluted with dlstilled or tap water to a watery oonsistency and mixed
simltaneously with an equal amount of hot (80° C) 10 per cent formelin into a separste
ocontainer. After etanding e few hours, the supernatant is removed and replaced with
5 per oent formalin. It is then bottled, packed and shipped to & central laboratory.
Formalinized protozoan cysts often do not float well in zinc sulfate solution but stain
with iodine, Cyste remain well preserved for over a year,

KNOWLE'S AND COLE'S METHOD OF COUNTING PROTOZOAN CYSTS

One gram of feces is smulsified in 10 co of iodine eolution, The emulelon is trans-
ferred with a capillary pipette to & hemocytometer and the cysts counted., At least three
or four counts should be mwade and aversged. The count represents the number of cyste in
0,1 com of feces,

CULTIVATION OF PROTOZOA FROM THE REPRODUCTIVE TRACT
MORGAN'S MODIFIED SCHNEIDER'S MEDIUM

The medium is recommended for maintaining bacteria-free cultures of Tritrichomonas
foetue, It 1s prepared in two parte. The orgeniems are incubated at 37° C for 3 to 5
days and then at 30° C indefinitely,

A, Preparation of egg slants-

6 whole eggs
60 cc defibrinated bovine blood (bovine serum mey be substituted)
50 cc of "Sodium Citrate Solution" prepared as follows:

Sodium Chloride

Magneslum Sulphate

Ammonium Acid Phosphate (NEH,E,PO, )
Potassium Phosphate Dibaasic (KgH%Pu)
Sodium Citrate

Glucose hI
Distilled water 1000 o¢c

. Beat up thoroughly with glass beads in a large flask,

Fillter through cheesecloth or gauze.

Distribute in test tubes in 4 to 5 cc quantities,

. Slant teat tubes in previously heated autocleve, turn off completely. Remove
when cool.

5.0 grame
0,2 grams
1,0 gramse
1.0 grams
2.0 grams
0.0 grams

FAw N
.

B. Preparation of ligquid portion of the medium for overlaying the egg slanta:

1. Sodium Citrate Solution, 1000 cc made from above formula,

2, Bovine serum (sterility not required) 5.0 to 7.5%. The serum 1s always
centrifuged two to three times to remove all oellular material.

3. Adjust pH to 7.2 to T.k.

4, Add 2 cc of & 1.6% alcoholic solution of bromeresol purple (for observing pH
change, indicating flagellate growth in medium).

5., Filter two to three times through double layer filter paper until the solution
is glear.

6. Sterilize in autoclave 30 minnutes, 15 pounds preseure.

EXAMINATION OF BLOOD

Venous blood is usually oollected for blood studies, The Jugular vein of the horse,
oow, sheep and goat 1s ussd, The radial or saphenous veins may be utilized for removing
blood from the dog and oat but the Jugular can be used particularly in the dog.
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Fabbite, guinea pigs, mitk and other small animals may be bled from the heert. Pigs
are bled from the anterior vena cava,

Sodium oxalate or sodium citrets can be used as an anticosgulant., From 2 to 4
milligrams per oc of blood is the usual amount. In cheoking the phyaical being of an
animal suspected of being perasitized a red blood cell count, white blood cell ocount,
hemoglobin, sedimentation rate and differential counts should be run.

In preparation of blood emears an anticoagulant should not bde ueed. A euall drop of
blood is placed on e grease-free 3 x 1 inch glass alide. Another elide is plaged in the
center of the drop and is spread thin. A thin uniform smear ia best, It 1o then stained
with Wright's or Glemsa's.

There are seversl important blood diseases of domestic animals In which the veteri-
nary protozoologist should become familiar. Bovine anaplasmosis (Amglum marginale),
dbird malaria, canine piroplasmomie (Babeeis cania) and leukooytozoon infeotioms in
turkeys are some of the more prevalent forms.

Bone marrow, spleen, liver and lymph nodee may be emeared on slides and stalned in
& similar manner,

MRIGHT'S METHOD

1. A bdlood smear is covered with 10 drops of Wright's stain and allowed to remain
for one minute,

2. An equal smount of distilled water 1s added to the stain and allowed to stand
three minutes (the stain should now have a metallic sheen).

3. The sheen 18 washed off with tap water and the slide allowed to dry.

4. The elide is mounted in balsam, gum damar or clarite 1f a cover glass 1e used.

WRIGHT'S METHOD WITH BUFFER

1. Buffer eolutlion: 6.63 grams of acld potassium phosphate and 3.2 grams of
dibssic sodium phoephate are dissolved in 1000 cc of distilled water,

2. Twenty-five to 30 drops of Wright's stain are added to the blood film end
allowed to stend one minute, An egual number of drope of buffer solution im
then edded and allowed to stand four minutea, The slide 18 washed with dip-
tilled water and dried,

FEEMSTER METHOD

1. Solution No. 1l: BPEnough dry stain 1e placed in a clean dry bottle to ssturate
abaolute methyl alcohol (not mors than 0.3 gram will diesolve in 100 cc). Lst
stand one or two days with occasional shaking, After filtering add one-fifth
of ite volime of methyl aloochol.

2., Bolutlon No., 2: In another bottle put 90 ¢c of 95 per cent ethyl aleohol amd
10 cc of distilled water. Add to this 0.3 gram of dry etain, After mixing let
stand for two daye with occmeionmal shaking. The material should ba filtersd
before ueing,

3. The blood smwar is covered with solution No, 1. The excess 1s drained off at
once and sllowed to stand until the slide turns red.

h.%od with dletilled water and lst stand for ons or two mimites.
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5. Rinse with solution No. 2 until most of the red precipitate dieappears.

6. After washing with distilled water, dry and examine,

BIEMSA'S METHOD
1, Smeers ars fixed in methyl alcohol for two to five minutes.

2. The slide is aubmerged in diluted Glemsa's stain for twenty-five to thirty

mimtes,
Glemse stain 1 ecc
Water (distilled) 10 cc

The vater should be neutral or very slightly alkaline, It is advisable to test it
befors use. The staln should be used immediately after diluting.

3. After washing with distilled weter the slide is dried thoroughly and examined
under the microscope.

G1EMSA'S STAIN FOR BLOOD PROTOZ0A
STOCK SoLuTION

Fowdered Glemsa stain 1 gram
Glycerin (C.P,) 66 cc
Methyl alcohol, absolute, scetone free 66 cc

Grind powdered stain and glycerin together. When well mixed, dlssclve staln in
glycerin in a water bath at 55° to 60° C. When cool add methyl alcohol. Allow to stand
for 2 or 3 weeka and filter The stain should be stored in small amber colored botiles,

WNREGHT' S STAIN FOR BLOOD PROTOZOA
STOCK SOLUTION

Powdered Wright's stain 0.3 gram
Glycerin (C.P.) 3 co
Methyl alcohol, abeolute, acetone free 97 c¢c

Grind powdered ataln end glycerin together. When mixed well add methyl alcohol and
stir thoroughly. Place mixture in tightly stoppered ember bottle for 2 or 3 weeks,
Filter and stain is ready for use. The etain improves with age.

COLLECTION OF SAMPLES FOR BOVINE TRICHOMONIASES
COLLECTION OF THE SAMPLE FROM THE FEMALE

Andreve and Miller (1930) devised a pipstte for obteining samples from the vagina,
Samplee may be collected by cotton awebs molstened with 0.7 per cent saline either om
12 inch applicator sticks or held in a long hemoatat, The writer prefers to collect
samples with the following apparatus which hap been developed at the Wisoonein Erperiment
Station. A stralght steel rod sbout f inoh in diameter and 18 inches long 1s grooved et
one end and a ootton pledget attached. The cotton may be held in place either by thread
or = rubber band, Thie swad i1e wrepped in a heavy paper envelope mede for the purpose
and autoclaved. The second piece of apparatus 1s a & inch long 3/4 inch diemeter pyrex
glegs tubing, fire polished on both enda, This small glass epeculum 15 also wrapped in
2 heavy paper envelope and sterilized by sutoclaving.
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On use, the glass gpeculum 1s placed in the vulva, and the sweb moistened in the
culture medium, introdused through the speculum up to the cervical region., A circular
motion is ueed to swab the vaginal walle. After withdrawing the swab, it is placed in
the oulture tube (0.7 per cent ealine) and thoroughly shaken, The swab and gless
apeculun 1s returned to the paper envelope, taken back to the laboratory, cleaned end
prepared for another time, The purpose of the glass epeculum is to eliminste eny fecal
or other contamination that may be preeent and accidentally be introduced either in the
veginal tract or the culture medium,

Although the infection may be present in the cow, an exemination of the vaginal
washings, which is the essiest to obtain, may be negative. Exudate obtained directly
from the uterus will, in all probability, be more likely to contain trichomonads. In
the cese of endometritis or pyometra, eamples of uterine materiel may be collected
aseptically with a sterlle uterine cathster.

A recent report by Bertlett stated the highest percentage of positive samplee are
taken from the vagina between the lith to 19th day after the initial exposure.

During abortions and pyometras, trichomonads are at their highest concentration.
The verious methods ae described above may appear reletively simple, but attempis to
demonstrate T. foetus In genital exudates are quite frequently unsuccesaful. Although
trichomonads are more likely %o be found from vaginal swabe following a trichomonad
abortion, there are cases on record where trichomonade could not be found from 24 to 48
hours after abortion. In some of these cases the fetuses were heavily infected.

COLLECTION OF THE SAMPLES FROM THE FETyS

If the abortion is complete, that is, with fetal membranes intact, trichomonads
may be demonstrated in the fetal fluids, Morgan (1943) obtained pure cultures of T,
foetus from aborted fetuees in which the fetel membranes were intact. If the fetal mem.
breanes are not available, the swabbing of mucus from around the base of the tongue or the
roof of the mouth is recommended. Many Investigators have reported the finding of T.
foetug in the abomasum of aborted fetuses

COLLECTION Of THE SAMPLE FROM THE MaLg

A pipette or cotton swab is inserted into the prepuce and a sample collected. The
bull must be properly restrained. The anlmal should be secured in a stall and properly
restrained by an assistant using a sideline to reduce any exertion to a minimum, The
glass speculum 1is ineerted and the swab Introduced and moved in a circular motion, The
posterior part of the glans penis, and the galee glendis or anterior portion of the penis
should be especially swabbed as the two areas are the preferential aite of T. foetus in
the bull, The writers feel that the sampling should be done without epidural anesthesia.

Mating a suspected bull to several virgin heifers 1a an aid in making & positive
diagnoais, Examinations of vaginal diecharges from the mated animsls are made between
the lith to 19th day, Negative results do not imply that the bull is free from infection.
In many chronically infected bulls attempts to demonstrate trichomonads may result in
failure. According to Dikmens (1938), this is probably due to the scarcity of the orgen-
lams in the prepuce or that they may have located in some inacoessible portion of the
genital tract.

In order to make & complete dlagnosis of the bull, two other samples could be talken,
With the method described by Andrews and Miller, eeminal fluid and semen are collected
by rectal messsge, The flulds are examined for trichomonads under the mioroscops. For
imuediates examination, the mixing of a few drops of 1:500 acetic acid in the semen will
stop the motility of the spermatozoa while the trichomonads continue their motility.
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DIAGNOSTIC MEDIA

Nany disgnoetio media have been evolved for the purpose of maintaining T. fostus
in large enough mumbers for a positive disgnoeim, All of the present methods of
dfagnosis fall short of thie criterion. A 50 to 60 per cent sbility to dlagnose bovine
trichomoniasie with present wetheds would be a falr estimate, Better methods nsed to ba
wvorked out.

The writers employ an all liquid medium (0.7 per cent saline or Ringer's solution)
for diagnostic prooedures. The solution is dilstributed in screw-topped high-pressure
inulin tubes and autoclaved at 19 pounds pressure for 30 minutes, Cotton plugged tubee
are more apt to lose their contents when on & road trip. This type of tube is also
useful for mailing suspscted material to a central laboratory for examination., Culture
material should be examined as soon as possible, preferadbly 2 or 3 hours after collection,
Hovever, if samplea are collscted with a reasonable amount of ameptic precaution, the
organisms way remain viable for aeveral days,

If trichomonads are present In very large numbers they mey be found and identified
vith eass, On the other hand, if they are present in very emall numbers they may be
found after a prolonged mearch or not at all. Ooccaslonally, centrifuging of the sample
ie done, the suparnatant drawn off and the sediment examined, A negative finding does
not neocessarily mean that an enimal is not infected, it means more samples end more
microscopical exeminations., However, the finding of one living motile triohomonad is
all that 1s required for a positive diagnoels, It 1s unwise to make a diagnosis on the
basie of finding dead trichomoneds unless the individuml 1s sbeclutely certain of hie
identification.

SALINE SOLUTION FOR TRICHOMONADS

Sodium chloride 7.0 grams
Distilled wvater 1000 cc

PHYS10LOGICAL SALINE

Sodium chloride 8.5 grams
Distilled vater 1000 co

RINGER'S SOLUTION

Sodium chloride 4
Caleium chloride 0
Potaseium chloride 0
Sodium dicarbonate 0.
Distilled water 600

SEROLOGICAL METHODS OF DIAGKOSIS

Agglutipation, precipitation and complement-fixation tests are rarely used for
serological diegnosis of protozoan dlseases. The use of these tests are still in the

experimental and research stages.

Dourine, ceused by a trypancsoms, 1s the only protoroan suitadls for the complewent-
4xation test. A serojogical test (complement-fixation) may be run as & confirmation

¥ for Endemoeba histolytioa.

In Northern Irgland the egglutination and cutaneous teste ers utilired for aid in
the diagnosls of bovine trichomoniasie, These teste have not been too successful in the
%United Btates., A nomspecific precipitin test is scmetimes used for aid in the dlagnonis
of anaplasmosie,
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SOME PROTOZOA ENCOUNTERED tN EXAMINATION OF MATERIAL SENT IN
FOR DIAGNOSIS OF TRICHOMOWIASIS

Fig. A-C. - Tritrichomonas foetus Flg. P-Q. - Spiromonss anguata

Fig. D-F. - Monocercomonas sp. Fig. R. - - Cullimastix frontalls

Fig. 4. - - Gercomonas crassicaude Fig. 8. - - Monocercomonas ruminant ium
Fig. K. - - Monas obliqua Fig. T. « - Same, ond view

Flige 1o = - = Polytoms yvella

Lembus pusillus Fig. U.
[

Flg. 3-0. : Jodo caudatse
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MESCELLANEOUS MATERIAL

CLEANING SOLUTION FOR GLASSWARE

Potassiux dichromate 60 arams
Tap water 300 cc

The above mixture should be digsolved by heat end then cooled.
Add slowly with consteant etirring:

Sulphuric acid L60 cc
LOCKE'S SOLUTI0M

Sodium chloride 9
Calcium chloride 0
Potassium chloride o]
Sodium bicarbonate o]
Distilled water 1000
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NOMENCLATURE

The aclentific zamss of animale used today, dates back to the time of Linnaeus who
first suggested a binomial system for specles recognition. The starting point has besn
set arbitrarily at the year 1758. This was the year Linmasus' 10th Edition of SYSTEMA
NATURAE was published.

The Internationel Rules of Zoological Nomenclature 1s an attempt by zoologists
throughout the world to have a uniform standard in the use of scientific names for animals.
These rules are based on the principles of binomial nomenclature of Linnasus. It involves
the concepts of genera and spacies, how names are originated, methods of determining the
priority of names, Code of Ethice and procedures for suspension of the rules in cases when
situations may cauee confusion rather than clarification.

Each anima! has one or more commen names and & scientific nams. This name is bi-
nomlal. For example, the protozoan parasite of chickens, Eimerias hagani, belonge to the
genua Eimeria and to the epecies hegani. The name of the person who first named and
descrided the species 1s placed after the Latinized words representing the genus and
species, Eimeria hageni lavine, 1938. The date of the deacription 1s ususlly given.

When a species 1s placed ln a genus which 1s different from the original description
the author’'s name is enclosed in parentheses. For example, Histomonas meleagridis (smith,
1865). This parsaite was originally named Amoeba meleagridie by Smith, but later Tyzzer,
1520 found the organism to be a flagellate and reclassified it. In the acientific name
the epecles word alveys beings with a small letter, even if it 1s derived from a proper
name.

The Law of Priority clearly states that the earllest name proposed to a geanus or
species is the only valld one. Sometimes this rule is suspended in certaln cases to pre-
vent confusion. No two different species in the same genus can possess the same acien-
tific name nor can two genera have the same name.

Vhen m new apecies is described = type specimen 1s designated and usually sent to a
central miseum where it is taken care of properly and is avallable for study by other
qualified sclentists at any time.

The names for animal groups are as follows phyla, classes, orders, famllies, genera
and species. The terms vhich designate phyle usually end in -g, classes in -ea, sub-
classes in -ia, orders 1n -ids, suborders in -ina, families in -idae and subfamilies in
-inge.

The Code of Fthics acts as a personal clearing house concerning sclentific names.
The important resolution 1s ag follows® "That when 1t 1s noticed by any zoologlst that
the generic or specific name published by any living author as new is in reality a homonym
and, therefors, unavellable under Articles 34 and 36 of the Rules of Nomenclaturs, the
proper action from a standpoint of professional etiquette, 1s for eaid person to notify
paid author of the fmcte of the cese and to glve said author ample opportunity to propose
a substitute nams."

-161-
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PARASITE-HOST L1ST

HORSE
(Equus cahallus)

Nene of Parasite

Type of Parssite

Habitat

Didesmis ovalis

D. guadrata
D. ralis

Blepharoprosthium pireun

Blepharosphasra intestinalis

B. ellipaoidalla
Blepharoconus cervicalis
B. benbrooki

Bundleia postciliata
Allolozona trizana
Polymorpha ampulls
Paraisotricha colpoldea

Charon equi
Cycloposthium bipelmwtum
dentiferusn
edentatum

scutige

affinal

co1

i

E

equi
ninm caudatum
Lea

—

it
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EE
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unifesciculatum
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lmaria dogleld
ataxum perisoktum
LLoxum Lous
lantosoms intestizalis

. dicorniger
. brevic T

Sarcoczetis bertraml

A
=A

Bl e
[ N4

é

Flagellate
Flegellate
Flagellate
Flagellate
Amoeba
Ciliate
Ciliate
Ciliate
Ciliate
Clliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Ciliate
Clliate
Ciliate
Ciliate
Suctoria
Suctoria
Buctoria

Fungus?

Cecum

Blood, reproductive organs
Colon

Ceoum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, oolon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, oolon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Cecum, colon
Ceoum, colon
Cecum, calon
Cecum, colon
Cecum, colon
Cecum, colon
Striated muscle




APPEND IX 16%
CATTLE
(Bos taurus)
Neme of Paraaite Type of Parasite Habitat N

Trypanogoma theileri Flagellate Blood
Monas commmunis Flagellate Rumen
Callimastix frontalis Flagellate Rumen

Glerdis bovis Flagellate Intestine, feces
onocercomonas rusinantium Flagellate Rumen, prepuce
Tritrichomonas ruminantium Flagellate Alimentary tract
Tritrichomonas foetus Flegellate Reproductive tract
Vahlkampfia lobogpinoss Amoeba Rumen
Endamoeba bovie Amosba Rumen
Eimerie alabamensis Coccldia Intestine

. suburnensis Coccldie Intestine

- bovig Coccldia Intestine

. brasiliensis Coccidia Intestine

. ildefonsol Coccidia Intestine
E. bukidnonensis Coccidle Intestine

. canadensis Coccidia Intestine

. cylipdrica Coccldia Intestine
Z. ellipsollalis Coccldle Intestine

. gubspherice Coccidia Intestine

E. wyomingensis Coccldie Intestine

E. zurnii Coccidia Intestine
Babesia bigemina Sporozoa Blood
Anaplasma marginale Uncertain Blood
Bartonella bovis Uncertain Blood
Eperythrozoon wenyoni Uncertain Blood
Sarcocystis ep. Fungus? Striated muscle
Isotricha prostomata Ciliate FRumen

I. intestinalls Ciliate Rumen
Dasytricha ruminantium Ciliate Fumen
Buteschlia parva Ciliate FRumen

B. neglecta Ciliate Rumen
B. lanceolata Ciliste Rumen
Entodinium bursa Ciliate Rumen

E. minimm Ciliate Rumen

. caudatum Clliate Rumen

» bicarinatum Ciliate Rumen

. furca Ciliate Rumen

. rostratum Ciliate Rumen

. dentatum Ciliate Rumen
Diplodinium magil Ciliate Rumen

D. bursa Ciliate Rumen

D. medium Cillete Bumen

D. ecaudatum var. gcaudatum Ciliate Rumen

D. ecaudatum var. bicsudatum Ciliate Rumen

D. ecaudatum var. tricaudatunm Cillate Rumen

D. ecaudatum var. guadri-

caudetum Ciliate Rumen

D. ecaudatum var. catanei Ciliate Rumen
D. eberleini Ciliate Pumen
D. dentatum Ciliate PRumen
D. denticulatum Cillate Rumen
D. minlmum Ciliate Rumen
D. cmelgg Ciliate Fumen
D. helseri Ciliate Rumen
D. neglactum Ciliate Tumen
D. miltivesciculatum Ciliate Fumen
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Name of Farasite Type of Paraalite Habitat
Ophryoscolex inermis Ciliate Rumen *
0. purigmiel Ciliate Ruman
0. cavdatus Ciliate Rumen °
roplastron hegnerd Ciliate Rumen
ns. aulcata Ciliate Rumen.
SHEEP AND BOAT
(Ovis aries and Capra hircus)
Reto ovis Flagellate Fecea
Elmeria arloingi Coccidia Intestine
E. sh-pa-ta Cocoidia Intestine
E. crandallie Coccidia Intestine
E. faurei Coccldla Intostine
E. granuloea Cocoidia Intestine
E. nina-kohl-yakimovi Coccldia Inteatine
E. pallida Coccidia Intestine
E. parva Coccidia Intestine
Elmeria intricata Coccidia Intestine
Balantidium ep. Ciliate Intestine
Isotricha prostomata Ciliate Rumen
1. intestipalis Ciliate Rumen
Dasytricha ruminantium Ciliate Rumen
Butschlia parva Cillate Fumen
B. nsglects Ciliate Rumen
B. lanceolata Ciliate Rumen
Batodinium tursa Ciliate Rumen
E. minipum Ciliate Rumen
E. ocaudatum Ciliate Rumen
E. bicarinstum Ciliate Rumen
E. furca Ciliate Rumen
E. rostra Ciliate Rumen
E. dertatum Ciliate Rumen
Diplodinium magii Ciliate Rumen
D. bursa Ciliate Rumen
D. medium Ciliate Rumen
D. ecandatum var. ecaudatum Cilinte Rumen
D. ecsudatum var. bicaudatum Cilimte Rumen
D. ecaudatum var. tricaudatum Ciliate Rumen
D. gcaudatum var, guadri-
candatum Ciliate Rumen
D. ecemdatun var. catanei Cilinte Rumen
D. gberleini Ciliate Rumen
D. dentatum Ciliate Rumen
D, denticulatum Ciliate Rumen
D. minimn Ciliate Rumen
D. glevelandi Ciliate Rumen
D. belseri Ciliate Rumen
D. peglectun Ciliate Ramen
D. miltiveaciculatum Ciliate Rumen
Ophryoscolex inspmig Ciliats Rumen
O i v C1liate Rumen:
0. . Ciliate Rumen
ri Ciliate Rumen
Clovidivem gilru Unoertain Walls of abommsum and in-
testine
Uncertaln Taroughout the body
Y . ¢ Uncertaln

B
Striated muscie
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SWINE

(8us sorofa)

Name of Parasite Type of Parasite Hebitat
Tritrichomonas suis Flegellate Inteatine
Trichomonas sp. Flagellate Skin

gi;omnti X mesnili Flagellate Intestine
Giardia lembiia Flagellate Intestine
Endamceba hietolytica Amoaba Intestine
Endamoeba coll Amoeba Intestine
Endamoeba poleckl Amoeba Intestine
Endolimax nana Amoeba Intestine
Jodamoeba butachlii Amoeba Intestine
Eimaris permimuta Coceidla Intestine
E. spinosa Coccidia Intestine
E. scabra Coccidia Intestine
E. Qeblieckl Coccidia Intestine
E. scrofse Coccidia Intestine
Isospors suis Coccidia Intestine
Sarcooystis miescherians Fungus? Straited muscle
Balantidiwm coll Ciliate Intestine

DOG AND CAT

(Canis familiaris and Felis domestice)

Giardia canis Flagellate Intestine
Gilardis felis Flagellate Intestine
Pentatrichomonss hominis Flagellate Intestine
Trichomonas canistomme Flagellate Mouth
Trichomonas felistomae Flagellate Mouth
Endamosba histolytica Flagellate Intestine
Babesia canis Sporozoa Blood
Isospora bigemina Coccidia Intestine
I. rivolta Coccldla Intestine
Igospora felis Coccldia Intestine
Eimeria canis Coccldia Intestine
E. felina Coccidia Intestine
Toxoplasma sp. Uncertain Various parts of body
fox
(Yulpes vulpes [Fox])
{Vulpea velox iﬁvm; fox )

Isospora canivelocis Cocecldin Intestine
Isogpora bigemina Coccidia Intestine
I. rivolta Coccidia Intestine
I. fells Coccidia Intestine
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L1119

(Mustela vison)
Name of Faresite Type of Paresite Habitat

Eimerie mustelse Cocoidia Iatestine
E. vison Coceidia Inteatine
Iscgpora bigewina Coccidia Intestine
1. laidiawi Coccidia Intestine

RABBIT

(Lepus cuniculus)

Retortamonas cunicull Flagellate Cecum
Glardia duodenalis Flagellate Intestine
Chilomastix cuniculi Flagellate Cecum
Mcnacorcomms cunicull Flagellate Cecum
M_ cundculi Amoeba Intestine
Eimeria stiedae stiedss Coccidia Liver
E. megna Coccidia Inteatine
E. irresiduas Coccldia Inteatine
E. media Coccldia Intestine
E. perforans Coceidla Inteatine
E. neoleporis Coccidia Cecum
Toxopiasme ep. Uncertalin Yarious parte of body
Sarcocystis leporum Fungua? Skeletal muscle

POULTRY

CHICKEK

(Gallus gallus)

Histomonas meleggridis

Pleuromonas jacylens

Pontatrichomonag gallinarum
Trichomonas gallinae

mzncm '] g

Monocercomonas 1nar\m

Chilomastiz g

Endanceba E&M
gregariniformts

Zndolixzex
Eimeria tenslla

Flagellate
Flagellate
Flagellate
Flagellate
Flagellate
Flagellate
Flagellate
Amoeba
Ampeda
Cocecidia
Cocecidia
Cocoidia
Cocoidia
Coccidia
Coccldla
Cocoidia
Coccidia
Coccidia
Clliate
Uncertain
Fungus?

Ceca, liver

Ceca

Ceca, liver
Mouth, crop, liver
Ceca

Ceca

Intesatine

Ceca

Ceoca

Ceca

Small intestine
Small intestine, ceca
8mall intestine
Small intestine
Small intestine
Small intestine
Small intestine
Intestine
Intestine, eyellds
Throghout body
Stristed muscle
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TURKEY

(Melesgris gallopavo)

Name of Parasite Type of Parasite Habitat
Histomonss melesgridis Flagellate Cece, liver
Pentatriohomonas gallinarum Flagellate Ceca, liver
Triochomonas gallinse Flagellate Mouth, crop, liver
Cochlogoma rostratum Flagellate Intestine
Hexamite melesgridia Flagellate Intestine, ceca
Endamosba gallinarum Amosba, Ceca
Endolimar gregariniformis Amoeba Caca
Bimeria meleagridis Coccidia Small inteetine
E., meleagrimitis Coccidia Small intestine
Hasmoproteue sp. Sporozoa Blood
Leucocytozoon smithi Sporozoa Blood

SUINEA FOWL

(Pavo cristatus)

Histomonas meleagridias Flagellate Ceca, liver

Pentatrichomonas gallinarum Flagellate Ceca, liver

Endolimar numidse Amoeba Intestine
PYGEON

{Columba livia domestlca)

=

Histomonas meleagridis Flagellate Ceca, liver
Trichomonss gallinae Flagellate Mouth, crop, liver
Hoxamita columbae Flagellate Intestine
Eimeria labbeana Coccidia Intestine
Hesemoproteus columbae Sporozoa Blood

UAIL

(Various Species)

Histomonas meleagridie Flagellate Ceca, liver
Hexamita sp. Flagellate Intesting
Elmeria disperss Cocoidia Small intestine
Haewoproteus lophortyx Sporozoa Blood

GROUSE

(Various Species)

Histomonas meleagridis
Eimeria angusta
Eimerda bonsses
Leuycocytozoon bopasse

Flagellate
Coccldia
Cocoldia
Sporozoa

Ceca, liver
Ceca

Small intestine
Blocd
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PHEASANT

(Various 8peoies)

Reme of Parssite

Type of Parasite

HEabitat

(Various Species)

Rlgtomongs mels: ais Flagellate Ceca, liver
Eimeria phasiani Coccoidia Emall intestine, ceca
PARTRIDGE

(Various Spocies)

Histomonas melesgridie Flegellate Ceca, liver
Hoxamits ap. Flagellate Small intestine
[ 1114 ¢ ]

Hetomonas meleagridis
Cochlosoma rostratum
C. anatis

Endamoeba anatis
Tyzzeria pernicioass
Leucocytozoon gimondi
Toxoplasma sp.

Sarcocystie rilayi

Flagellate
Flagellate
Flagellate
Amoeba
Coccidia
Sporozos
Uncertain
Fungua?

Ceca, liver
Intestine
Inteatine

Feces

Smal)l intestine
Blood

Throughout the body
Striated muscle
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TREATMENT SCHEDULES

Name of Paragite of Dinease

Treatment

1.

Bovine trichomoniassis
Tritrithomongas foetus

5 doses intravenously at lntervals every other
dey; each doss 5 grams of sodium icdide per 100
pounds of body weight, dismolved in 500 ¢c of
sterile distilled water. (For the bull.)

2.

\
Bovine coccidiosie
Eimeris spp.

Sulfeguenidine; 0.1 granm per kilogram of dody
weight, deily for 3 weeks or 5 gram doses for
8 deya.

3. Bovine anaplesmosis Intravenous injection of 1000 oc of 5 per cemnt

Anaplagma marginale dextrose in distilled water to which has been
added enough sodium cacodylate to make the dos~
nge of 30 grains per 100 pounds of body weight.
Transfusions of 2000 to 4000 oc of citrated
blood.

4. Ovine ococcidiosis Prevention. 2 per cent sulfur in grain mixture.
Eimeria spp. Treatment. sulfaguanidine, 2 grams daily for

. one month.

5. Porcine coccidiosia Sulfaguanidine, 1 gram per 10 pounds of body
Eimeria spp. weight for 3 days after symptoms.

6. Canine babesiesis Trypan blue, 1 to 2 per cent solution, 5 to 6
Babesia bigemina cc, 1 or 2 treatments. Intravencus.

Trypaflavine, 0.3 cc of a 2 per cent solution
per pourd of body weight. Intravenous.

7. Histomoniasis, blackhead Phenothiazine, % to 1 grem per bird to remove
Histomonas meleagridis cecal worms, Beterakis gallinas. This will ald

as a preventative measure. There is no treat-
ment for the disease.

8. Avian trichomonissie of the Fever therapy, 3 to 6 treatments in an incu-
lower digestive tract bator at 106.5° for 1 4o 2 hours.
Pentatrichomonas gallinarum Enteric coated tablets of gentian violet, 1/16

grein to 1 pound poult, 1/8 for 3 pound, 4+ for
5 pound, 4 for 8 pound, 1 for 10 pound and

1# for 12 pound poult. Give every other day
for > deyse.

Or, asolution of gentian violet, 1 gram of the
drug with 1000 cc of water and given every
other day aa follows*® 5 cc to 1 pound poult,
10 co for 3 pound, 15 ec for 5 pound, 20 cc
for 8 pound and 25 for 10 to 12 pound poults,

9. Avian trichomoniesie of the Copper sulfate in drinking water (1.4 to 4.2

upper digeative tract
Trichomonas gellinae

grams per gallon of water).
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Name of Parasite of Disease Treatment ’ i
10. Avian oecal cocoidiosis Preventative: Tflowers of sulfur, 5 per oant
Elneria tenella of the ration for 3 days, then 2 per oent until
Chranic intestinal coocidioals hot dry weatker,
Elnoria pecatrix Sulfaguanidine, 1 per cent in ration or % per
cent intermittently at 3 to 4 day intervala,
Treatment: Sulfamethazine 4 per cent in mash.
Sulfamerazine 4 per cent in mash or 0.2 per
cent in Arinking water.
Sulfaguinoxaline ,0125 to .033 per cent in
mash.
Sulfadiazine, saturated solution in drinking
water.
EBorax, 2 per cent in mash or 0.3 per cent in*
drinking wvater.
1l. Liver coccidlosis of rabbite Preventative. Sulfasuxidine, 0.625 grams in
Eimerisa stledae feed for 13 days then 0.75 grams daily.
12, Intestinal coccidia of rabbits Phthalysulfathizzole 0.2 to 0.25 gralns per
Eimeria megna pourd of body weight per day.

It mst be remembered that the treatmente listed abave are mostly in the experiment-
al and research steges. More improvements are dealred as better treatments are in de-
mand. After this book le printed new treatments will appesr in the various Jjournals.
Progress cen only be made by the endless and never tiring efforts of the researchsr.
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control, 56
diegnosis, 56
key to apecies, 57

-192-

Cocoidicsie, life cyole, 34
mortality, 56
pathology, 56
symptoms, b
traatoent, 56

Coocotd{osis, poroine
control, 70
disgnoeis, 70
key to species, TL
1ife cycle,
yatholegy, 60
treatment, 70

Coocidiosis:
in cats, see coocldioeis,

canine
in cattle, 33
in chickens, 102
in dogs, see ooccldiosls,
canine
in ducke, 12k
in foxes, 139
in geese, 122
in grouee, 123
in mink, 141, 142
in pheapants, 122
in pigeons, 123
in quail, 123
in rabbite, 136, 138
in ahesp, 53
in swine,
in turkeys, 120

Coccidium bigeminun, 81

Cochlosome anatis, 97
C rostratum, 97

Commensalisn, 6

Copper and ferric sulphate in
coccidicsis in sheep, 56

Copper sulphate in avian
trichomoniasis, 96

Counting methods, 151

Cryptosporidium ep., 124

Cytopharynx, 3

Cytoplasm, 3

Cytostome, 3 0

DDT, in control of Haemo-
proteus, 126

Definitive hoast, 7

Dermacsntor varisbilis, 80

Diegnosis of protozoan infec~

tions, 145
Diplospors bigemina, 82
Direct smear, 1
Dourine, 15 :
Elmeria acervulina, 118

control, 119

effects of sulfur, 119
morphology, 118
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Eixerds
patiology, 119
symptoms, 115
Bimeria sh-sa-ta, 53, 57
smamﬂ_, 32, 33, 36

§~ ms_-

2. arloingl, 53, Sk, 56, 57
E. suturnensie, 33, "3k, 36
E. gviun, 102, 123’

E. bonasae, 123

E. bovie, 33, 34, 35, 36

B. Es;lienaig, 33, 34
Eimria brunetts, 118’

control
mrphology, 118
pathology, 118
Eimeria bukidmonensie, 33, 34,
35

canadensis, 32, 3L, 36
. canis, 83

. crandalua, 53, 57

. cylindrica, 32, 34
. debliecki, 69, 71, T2
E. digpersa, 123

. faurei, 5k, 57

L. grenulosa, 5%, 57
i. felins, 33

Eimeria hagani, 120
offects of sulfur, 120

Zimeria intricata, 4, 57
E. ildefonsoi, 33, 34
irresidua, 137, 140

labbeana, 123

137, 140

Eimeris maxima, 116
control, 120
effacta of sulfur, 120
life oycle, 119
morphology, 110
pathology, 110

Fimeria medis, 137, 158, 140
E. moleagridis, 120

E. meleagrimitis, 121
Eimria mitis, 120

" effects of sulfu.r 120
Eimeria mustelae, IRE
Eimeria necatrix, 113

age reslstance, 116

control, 117

sourse of infection, 116

affects of sulfaguani-

f1ne, 117

host, 113

1mmit.v, 116

life cycls, 115

morphology of the oocyat,

115

pathology, l16

treatment, 117
Limeria n-olegoria, 138, 1h0

m-sm_mm_u%m_.

E. pallida, 54, 57

E. ellipsoidsiis, 32, 3k, 35,
3

Emeria L ris
nb
z Euarfcra:u.n, 138, 140
E. perminuta, 69, 71, T2
E. phasieni, 122
Elmeris prascox, 120
effects of suwlphur, 120
Bimeria scabra, 69, T1, T2
E. ecrofee, 69, T1
E. spinosa, 69, 71, T2
E. ptiedns, 136, 157 140
E. subsgharica, 32, 55, 36
Eimeria tenella, 120
after effects of infec-
tiom, 107
age reslstance, 108
ammorde fumigation, 111
biology, 108
blonomics of the oocyst,
102
control, 110
course of infection, 106
development of the host,
10k
development of the oocyat,
10l
diagnoeis, 110
distribution of oocysts,
111
dosage of ootysts; 106
effects of aryl arsonic
acide, 112
effecte of borax, 113
effects of calcium, 110
effects of dlet, 109
effectsa of disinfectants,
103
effects of
110, 112
effecta of
111
effecte of freezing, 103
effects of loral thiocy-
anate, 112
effects of milk products,
109, 112, 113
effects of 5-nitro-furfural
gemi -carbizone, 112
effects of sulfaguanidine,
112

feeding hablte,

flame gun, 103,

effects of sulfamerzine,
112, 113

effecte of sulfemethlazine,
12, 113

effects of sulfaquinoxaline
113

effects of sulfur, 111

effects of temperature, 102

effecte of tetraethylthiuram

monsulfide, 112
effecta of triethanolamine
hydrochloride, 112
effects of ultraviolet
light, 103

effects of vitamin A, 109

Eimeria tenslla, 120
effects of vitamin D, 109
effects of vitawin K, 109
effects on blood chlorides, 110
effects on blood sugar, 110
excystation, 10U
genetic resigtance, 108
glyoogen content of oocyst, 110
host, 102
lmmnity, 108
{mmund zation, 108
1ife cycle, 102
morphology cocyets, 102
mortallity, 107
pathology, 107
regpiration of oocysts, 110
schi zogony, 10k
sexual stages, 106
sporulation, mu
survival of oocysts, 103
symptoms, 106
trensmission by insects, 103,
110
treatment, 112 v
Eimeria truncatas, 122
E vison, 142
E gomiggensis, 33, 35, 36
E eurnii, 32, 35, 56
Ehbadgms ov___is , 93
Indamoeba anatis, 101
bovie, 31, 3@
coll, 66, €7
cuniculi, 136
gallinarum 101
E. gedoelsti, 18, 19
Fndamoeba histo;xgca, 2, 65,

in doga 79, 101
in ewine
I‘hd.amoebu rumidse, 101

E. olaok &5, 67
Endolimx ggggariniformia, 102

g. Janisme, 102
E npena, 66, 68
Endoplasm, 1
Eperythrozoon sp.:
in ehesp, 59 h6 N
Bperythrozoon we '{
Bperythrozoonosis, E
Rutrichomsstix gallinarum, 97
E. ruminantium, see Momo-
cermonas rumlnatium
I F-
Fecal oxamination, 46
Fover therapy, in avian
trichomoniaais, 9k
Flpgella, 3
Flagellates:
in catas, 79
in cattle, 25
in doga, T7
in horses, 15
in poult.ry, 89
in rabbits, 135, 136
in shesp, 55

LN
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Flagellates: Hatomonas melesgridis Milk flush, 109, 112, 113
in awine, 63 treatwant, 95 Monas gommunie, 25, 31

Flotetion methoda, 148 virulence, 93 M reogonas cuniculi, 136

Fur-dearers, protozoa, 135

-6-

Glsrdls bovis, 26, 31
. ganls, 77
. catl, 77
- ducdenalis, 135

G. folls, 77

G. lamblia, 6b, 65
Glemsa stain, 153
Chobataum giyrotes, 59, 59
Gonscrine, in canine piro-

plasmoais, 80

-H-

Jaemoproteus ep., in turkeys,
12

Hasmoproteus columbas, 125

control, 126

life history, 125
morphology, 125
pathology, 126

relepse, 126

sysptoma, 125
treatment, 126

[ ]]>10-]

Haemoproteus lophortyx, 126
Heldenhein's, 145, 147

Hematoxylin eolution, 147
Heterskis gallinse, 90, 93
Hexamita columbas, 99
Eoxamita meleegridie, 98, 99
control, 99
diagnosis, 99
distribution, 99
hoats, 98
1life history, 98
mryho"%; %
pathology, 99
symptoma, 98
treatment, 99
Bexemita sp., in quall, 101
tiasis, see Hexamita

41
Hstomonns meleagridis, 89
cecal abligatiom, 93
conirol, 92
cultivation, 93, 149, 150
dlagnoeis, 92
effects of "Formila 14L",
93
effscte of mapharsen, 93
effects of phenothimzipe,
93

effects of tryparsamide,

9
@ensral remarks,'H3
hosta, 89 ‘
3ife history, 90
morphology, 69

(X34

Histowonlasis, eeo Hig-
tomonas meleasgridie, 89

History, veterinary
protozoology, 6

Holozoic, 3

Horse protozoa, 15

Host, 7

Host apecificitl.y, K

Infection, 7

Infectious catarrhal enteri-
tis, mee Hoxamita melea-
gridis,

Infectious enterohepatitis,
see Histomonas melsagridis,
89

Infestation, 7

Jodamosba butechlii, 66, 68

Todine solution, 1k6

Isogamy, 6

Isospora, 81
I bigemina, 81, 141, 1k2

vellocls, 139, 141

, 82, 141

awl, 1k2

rivolts, 82, 141

suis, 70,K7l, T2

i
o}
o
B

y
J
I

Dt

Karyosome, 3
Lembus pueillus, 147
Leucocytozoon anatls, 126
L. bonasae, 131
Leucocytozoon simondi, 126
control, 129
diagnosis, 128
life history, 127
morphology, 126
mortallity, 128
pathology, 128
synptoms, 128
treatment, 129
Leucocytozoon smitnl, 129
control, 131
distribution, 131
life hiatory, 129
morphology, 129
symptoms, 126
treatment, 131
Loral thiocyanate, effects
on Elmeria tenella, 112
Iynchis birsuts,
—N-
Macrogemetocyte
JMalaria: k
bird, 124
plgeon, 125
Mapharaen, 93
Magtigophora, 1
Hedlg for cultivation,

Y 1%
mZa..»ém., 6

M. gallinarum, 97
M. rumtnantium, 26, 27
Morphology, 1
Mutualiem, 6

-N-

Neuromotor apparatus
S-nitro-furfural-sem -carbi-
zqne,
effects on Eimeria tenslla,
e
Nomsnolature, 161
Nucleus, 1
-0-

Olkomonas equi, 15
Parabasal body, 3
Paresite host list:
cattle, 163, 164
fox, 165
horee, 162
mink, 166
rabbit, 166
swine, 165
Parasitism, 6
Pathology, 7

Pentatrichomonas cenis gurl, 77
Pentatrichomonas gallinarum, 93

cultivation, 149
hosta, 93
morphology, 93
pathology, 94

relation to histomonlasls, 9k

symptoms, G4

treatment, 9k
Pentatrichomonas hominie, 77
Phenothiazine, 93
Physiology, 3
Piroplasms canis, 80
Piroplaamosis, bovins, 38
Piroplasmosle, canine,
Plasmodium cathemsrium, 12k
~7. gallinaceun 124

P. lophurae, 124

P. praecox, 1oL
Pleuromonas jaculans, 93
Polytoma uvells, 157
Porcine coccidiosis, 68
Protozoa*

in cats, 77

in cattle, 25

in doge, 77

in fox, 139

in fur-bearers, 135

in goats, 53

in horses, 15

in mnk, 151

in poultry, 89

in rabdbbite, 135

in sheep, 53

in avine, &3

Psendolynchis maure, 125
ssudoparasite, 7, 145
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Pseudopodia, 3 Sulfequinoxaline: monas s
: Tricho halll
&glg.im gregarini formig, effscte on Elmeria neoatrix, I, ruminagtium, see Tri-
117 ~ trichomonas rumipantium

Pyrethrum, in control of effects on Fimeria tenslla, Trichomonlasls:

Easmoproteus, 126 113 in cats, 79

Saenopro —R-- Sulfur in chickens, 95, §7
Renal coccidiosis, 122 effects on Eimeria scervulins, in dogs, 77, ’

Reservoir host, T 119 in geese, 96

Retortamonae cuniculi, 135 effects on Eimeria hagani, in gulnea fowls

B. ovig, 53 120 in havke, 95
Rhipicephalps sanguineus, 80 effects on Elmeria mexima, in pigeons, 95
Rhizoplast, 2 5 120 in turkeys, 95

o effects on Eimeria mitis, Triethanolamine hydro-

Sarcocyetis bertramy 21 120 chloride,

8. leporum, 139 effects on Elmeria necatrix, effects on Eimeris tenslls,

8. mi;ncharianu, 6k, T, 73 117 112

8. rileyl, 132 effects on Elmeria prascox, Tritrichomonag eberthi, 97

g ep-, {mmscattle, 47 120 T T. equi, 18, 15

S. tenella, 39 effects on Eimeria temslla, Tritrichomonas foetus, 2
Sarcodina, L 111 - U826, 2 P T
Saproziic, }th . effects og ovine coccidi- control, 30
Bauroplagma thommsil 132 osla, 5 diagnosls, 29
Schaudimn’se fluid, liﬂ Symblosis, 6 symptoms,'ES, 29
Schizogony, 3 Syngamy, 6 treatment, 30

-T-
Tetraethylthiuram monosulfids,
effects in Elmerie tenells,

112
Terzapmens gelels, 131

Tick fever,
Texas fever, 38
Toxoplasma in rabbits, 139

Toxoplasma sp.
in birds, 131

Secondary host, 7
Serologlcel diagnosis, 156
bovine trichomonlagis, 29
Simulium sp., life history,
129

S. nigroparvum, 138
S. occidentals, 128
S slosgonse, 129
S. venustum, 128
Sodium cacodylate, 45

Tritrichomonss ruminantium,
26, 27
T. suie, 63, 64
Trophozoite, 3
Trypeflavine, in canine
piroplasmosis, 80
Trypaflavine, treatment for
babesimses, 42
Trypan blue, 42
in canine piroplasmosia,

Spiromonas engusta, 157 in dogs, 83 80

Sporogony, 3 in sheep, 58 T osoma equiperdum
Sporozoa, 1 Trestment, 169, 170 15, 1

Suctoria, 1, 21, 22 Trichomonas anseri, 96 control, 17

ardin delteill, 77
canistomae, 79
columbes, 95
diversa, 95

Sugar flotation, 148
Sulfadiazine
canine coccldiosly, 83
effects of Elmeria

dlegnosls, 17

symptoms, 15, 16
Trypanosoma theileri, 25, 27
Tryparsamide, 93

{F1319912 31133

tenslla, 113 . fells, 77 Tyzzeris pernicosa, 12k
effects on Elmeris . felistomme, 79 U~

pecatrix, 117 foetus, ses Iri- Undulating membrsne, 3
effects on Eimeria trichomones foetus -y-

tenella, 112 Trichomonag from pigs, 63 Vahlkampfia lobospinosa,

Trichomonas gallinae, 35
control, 9
cultivation, 149

Sulfaguanidine:
in coceidiosls in cattle
in coccidiosis in gheep,

30, 31

Wright's stal n,z 152

55 232gnosis, 96
in swine, 70 hosts, 95 Zinc sulfate method, 149
Sulfamerazine. norphology, 95 Zygote, 6
effects on Elmeris pathology, 95
tenslls, 112, 1}3 eymptoms, 95
in cocoidiosls, canine, transmission, 95
83 treatment, 96
Sulfamethazine: virulence, 96

effects on Elmerie

Trichomonas halll, 95

necatrix, 117 T. hepaticum, 95
effects on Elmeris T. hominis, 77
tenslle, 112, 1)3 T. paxva, 77
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