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The World Health Organization is a specialized agency of the United Nations with primary responsi-
bility for international health matizrs and public health. Through this organization, which was created
in 1948, the health professions of some 150 countries exchange their knowledge and experience with
the aim of achieving the highest possible level of health throughout the world.

By means of direct technical cooperation with its Member States, and by stimulating such cooperation
among them, WHO promotes the development of comprehensive health services, the prevention and
control of diseases, the improvement of environmental conditions, the development of health manpower,
the coordination and development of biomedical and health services research, and the planning and
implementation of health programmes,

These broad fields of endeavour encompass a wide variety of activities, such as developing systems of
primary health care that reach the whole population of Member countries; promoting the health of
mothers and children; combating malnutrition; eradicating smallpox throughout the world; controlling
malaria and other communicable diseases including tuberculosis and leprosy; promoting mass immuni-
zation campaigns against a number of preventable diseases; improving mental health; providing safe
water supplies; and training health personnel of all categories.

Progress towards better health throughout the world also demands international cooperation in such
matters as establishing international standards for biological substances, pesticides and pharmaceuticals;
recommending international nonproprietary names for drugs; administering the International Health
Regulations; revising the international classification of diseases and causes of death; and collecting and
disseminating health statistica! information.

Further information on many aspects of WHO’s work is presented in the Organization’s publications.
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Preface

This book is a revised version of a WHO manual by Etienne Lévy-Lambert,
Basic techniques for a medical laboratory (1974), major revisions having
been carried out by Miss M. Cheesbrough and Dr L.M. Prescott. The
original version was tested in the field and comments and suggestiops from
national experts in several countries as well as from WHO staff have'been
used in the revision. :

The manual is intended mainly for the use of laboratory assistants in
developing countries during their training and thereafter in their work. It
can also be used for routine work in clinical or health laboratories. In the
selection of techniques particular attention has been paid to the low cost,
reliability and simplicity of the methods and to the availability of resources
in small laboratories.

The illustrations have been revised by Lynne Cullen Dennis and Pierre
Neumann.

WHOQ expresses its thanks to all those who have assisted in the preparation
of this manual.




Aim of the Manual

Laboratories ‘

The manual is intended for use mainly in medical laboratories in developing countries. It is designed particularly
for use in peripheral laboratories in such countries, i.e., in small or medium-sized laboratories attached to regional
hospitals and in dispensaries and rural health centres where the laboratory technician often has to work alone.

The language used has been kept as simple as possible. Common technical terms are employed, however, when
necessary.

Q’?J
Techniques
The manual describes only direct examination
procedures that can be carried out with a microscope
or other simple apparatus. For example: L7 1)

— the examination of stools for parasites

— the examination of blood for malaria parasites
— the examination of sputum for tubercle bacilli
— the examination of urine for bile pigments

— the leukocyte type number fraction

— the dispatch of stools to specialized laboratories
for the detection of cholera vibrios.

—

=

2

The intention is to provide an account of basic laboratory techniques that are useful to peripheral laboratories
and can be carried out with relatively limited routine equipment.

Some laboratories may not be able to perform all the techniques describe_cy For example, a rural health centre
laboratory may not be able to carry out blood chemistry or VDRL tests.




How to Use the Manual

1. How to find the required technique
The manual is in three parts according to the subject matter:

Parti — General laboratory procedures
Part Il — Parasitology

Bacteriology

Serology

Mycology

Part Il — Examination of urine
Cerebrospinal fluid examination
General haematology
Blood chemistry and blood transfusion

A list of the techniques classified according to the subject matter appears in the table of contents. An alphabetical
list appears in the index. For example, references to Gram staining will be found:

— in the table of contents under Bacteriology (Part |, B, 28)
— in the index under Stain, Gram.

2. Reagents

Each reagent has been given a number. The reagents required and their numbers are indicated in the description
of each technique. An alphabetical list of all of the reagents used, with the numbers assigned to them, their
composition, methods of preparation and storage requirements will be found at the end of the volume. For
example, for Gram staining a reagent needed is crystal violet (reagent No.15). The composition of crystal violet
and the method of preparing it are given in the alphabetical list of reagents at the end of the manual.

3. Equipment

No articles are included that are very expensive or difficult to cbtain. The items required for each technique are
listed at the beginning of the corresponding section. A list of the apparatus needed to equip a laboratory capable
of carrying out all the examinations described can be found on pages 104-107.

When certain articles are not available the technician should do his best to find substitutes: thus empty bottles
that formerly contained antibiotics for injection (““penicillin bottles’”) or other drugs can be kept; racks for test-
tubes and slides can be made locally; empty tins can be used to make water baths; etc.




The laboratory worker carries out laboratory examinations to provide
_information for doctors (or their representatives) in order to benefit

patients. He therefore plays an important role in helping patients to get
better. At the same time, in the course of his work he gains a lot of
information about patients and their illnesses. The laboratory worker, like
the doctor, must regard this information as strictly confidential; only the
doctor who requests examinations should receive the reports on them.
When patients inquire about test results they should be told to ask the
doctor.

{n most countries of the world there are high moral and professional
standards of behaviour for doctors and qualified faboratory personnel.
Every laboratory worker handling clinical materials must maintain these
standards.




Units of Measurement

In the laboratory you will work extensively with both quantities and units
of measurement, and it is important to understanrd the difference between
them,

Any measurable physical property is called a quantity. Note that the word
‘quantity’’ has two meanings: the scientific meaning just defined and the
everyday meaning “‘amount of”’. In scientific usage height, lengtn, speed,
temperature and electric current are quantities, whereas the standards in
which they are measured are units.

Quantities and units in the clinical laborataory

Almost all your work in the laboratory will involve making measurements
of quantities and using units in reporting the results of those measurements.
Since the health — and even the life — of a patient may depend on the care
witii which you make a measurement and the way in which you report its
results, you should thoroughly understand (a} the quantities you measure,
{£) the names that are given to those quantities, and (c) the units that are
used to measure the quantities. .

New units and names for quantities

A simple standardized set of units of measurement has been the goal of
scientists for almost two centuries. Over the years numerous different
systems have been proposed, but all but one of them have, for one reason
or another, proved unsatisfactory. The exception is a version of the metrir
system that was introduced in 1901, Since then this system has been
gradually expanded, and in 1960 it was given the name /nternational System
of Units and the international abbreviation *“St”’. Units of measurement
that form part of this system are called ‘Sl units’’. These units have been
used to an increasing extent in the sciences, especially chemistry and physics,
since 1901 (long before they were called SI units), but most of them were
introduced into medicine only after the system was renamed “’International
System of Units”. Some countries have already made the change to the use
of Sl units in medicine, others are now in the process of making it, and in
others the change is only in the planning stage. Furthermore, in some
countries the change is being made not on a nationwide basis but in one
locality {or even in one laboratory) at a time.

To accompany the introduction of SI units, medical scientists prepared
a systematic list of names for quantities. Some of these names are the same
as the traditional ones; in other cases, however, the traditional names were
inaccurate, misleading or ambiguous, and new names were introduced to
replace them.

This manual primarily uses S| units and the new names for quantities.
However, since many of the areas and laboratories in which it will be used
have not yet made the change to SI units, traditional units and traditional
names for quantities are also included and the relationship between the two
is explained. .

The following section gives a brief description of the Sl units and of the
new quantity names that are used in this manual.




S| units used in this manual
All:SI units are based on seven S/ base units. Only four of them are used
in-this manual; they are listed in the accompanying table.

Name of quantity Name of SI base unit Symbol for SI base unit
length metre m
mass kilogram kg
time second s
amount of substance mole mol

The first three of these units will be familiar to you, although the quantity
name “mass” may need explanation; the last quantity name and unit will
undoubtedly require explanation. Mass is the correct term for what is
commonly called “‘weight”’. {There is a technical meaning of the term
“weight'’: it is a measure of the force with which the earth’s gravity attracts
a given mass. Mass, on the other hand, is independent of the earth’s
gravitational attraction. The two terms are mixed up in everyday usage;
furthermore, we speak of measuring a mass as “‘weighing’’.) ‘Amount of
substance’* and its unit, mole, are very important in medicine and they

will affect your work in the laboratory more than any other quantities or

St units. When two or more chemical substances react luyt:un:l they do not
do so in relation to their mass. For example, in the reaction

sodium hydrmhloric_» sodium carbon + water
bicarbonate acid chloride  dioxide

1°'kg:(1 kilogram) of sodium bicarbonate does not react with 1 kg of
‘hydrachloric acid. On the contrary, 1 mol {1 mole) of sodium bicarbonate
reacts with 1 mol of hydrochloric acid. Whenever chemical substances
interact, they do so in relation to their relative molecular mass (the new
name for what used to be called “‘molecular weight”'). Use of the mole,
which is based on the relative molecular mass, therefore gives a measure of
equivalent amounts of two or more different substances (use of mass units
does not).

The great majority of the Sl units are called S/ derived units. These are
obtained by combining the S| base units (by multiplication or division) as
appropriate. Some common S| derived units are shown in the accompanying
table.

Name of quantity Name of Si derived unit Symbol for SI derived unit
area square metre m?
volume cubic metre m?
speed metre per second m/s

You will see that the unit of area is metre x metre = metre squared or
square metre; the unit of volume is metre x metre x metre = metre cubed
.-or.cubic metre; and the unit of speed is metre divided by second = metre
per second. All the Sl derived units are obtained in this simple way. In
some cases, however, it is necessary to multiply and divide several times,
and the resultmg expression becomes very cumbersome; for example, the
unit of pressure is kilogram divided by (metre x second x second). To
avoid this difficulty such units are given special names, For example, the
unit of pressure is called the pascal.
if only the Sl base units a. . derived units were available, measurements
would be difficult because these units are too large or too small for many
purposes. For example, the metre is far too big for convenient measurement
of the diameter of a red blood cell. To overcome this difficulty, the Si
incorporates a series of prefixes, called S/ prefixes, which when added to
the name of a unit multiply or divide that unit by a certain factor, giving
multiples or submultiples of the unit. The SI prefixes used in this manual
are listed in the accompanying table.

Name of prefix Symbol for prefix Multiplication/division factor
./mega. M muit. by 1 million (x 10%
‘kilo k mult. by 1 thousand (x 10%)
centi c div. by 1 hundred {x 0.01 or 107%)
milli m div. by 1 thousand (x 0.001 or 1079
micro u div. by 1 miltion (x 107%)
nano’ n div. by 1000 million (x 107°)




For example, 1 kilometre (symbol: km) = 1 000 metres (1000 m); 1 centi-
“metre (1cm) = 0.01 metre (0.01 m or 1072m); 1 millimetre (1 mm) = 0.001
metre (0.001m or 1072 m); and 1 micrometre (1 um) = 0.000 001 metre
{0.000001 m or 10~m). Most of these prefixes will already be familiar
to you when they are applied to the metre. All you have to remember is that
they have the same meaning when they are applied to any other unit.

New quantity names

It was stated above that, to accompany the change to Sl units, certain
new:names for quantities were introduced. There are not very many of these;
quantity names such as length, height, area, volume, and speed remain
unchanged. Mast of the new names are related to concentration and related
quantities. The difficulty with concentration is that it can be expressed in
several different ways. Traditionally all of these were called simply
“concentration”, which was misleading. Now each different way of
expressing concentration has its own special name. Before these new names
can be described, it is necessary to explain the unit of volume called the
“litre”’. You are probably familiar with this unit of volume, and may have
been surprised not to find it mentioned above in the discussion of S| derived
units. It was not mentioned there because the litre is not, strictly speaking,
an Sl unit. The SI (derived) unit of volume is the cubic metre, but this is
far too large to be convenient for measurements of body fluids. A sub-
multipl= of the cubic metre is therefore used: the cubic decimetre. The
prefix ““deci’” was not listed above because it is not used in this manual, but
it means division by 10 {(or multiplication by 0.1 or 107!}, A decimetre is
therefore 0.1 m, and a cubic decimetre is 0.1 x 0.1 x 0.1 m?®=0.001 m?

{or 1073 m3; that is, one-thousandth of a cubic metre). The name “litre”’,
although not part of the Si, has been approved for use as a special name for
the cubic decimetre. The litre and its submultiples, such as the millilitre, i
are used mainly for measuring relatively small volumes of liquids and some- ;
times gases; volumes of solids and large volumes of liquids and gases are
usually measured in terms of the cubic metre or one of its multiples or
submultiples. The litre is a very important unit because it is the unit used

in the clinical laboratory for reporting all concentrations and related
quantities. However, you may encounter (for example, on graduated glass-
ware) volumes marked in terms of submultiples of the cubic metre. At the
end of this section you will find a table of equivalents in the two systems.
Having explained the litre, we can now return to the names for different
ways of expressing concentration. First, suppose that we have a solution of
salt. The mass of dissolved salt divided by the volume of solution is called
the mass concentration. A more general definition of mass concentration is
*“the mass of a given component (e.g., a dissolved substance) divided by

“= the-volume of solution”. The unit in which it is measured is gram {(or milli-
gram, microgram, etc.) per litre, In the S system mass concentration is
rarely used; it is used only for substances whose relative molecular mass
(“‘molecular weight”’) is uncertain, such as proteins.

Now suppose that we have another solution of salt, only this time the
amount of dissolved salt is expressed in terms of “amount of substance”.
The amount of substance of salt (that is, the number of moles of salt)
contained in the solution divided by the volume of the solution is called

the amount of substance concentration, or, for short, the substance
concentration. A more general definition of substance concentration is

~ “the amount of substance of a given component (e.g., a dissolved substance)
divided by the volume of solution’, The unit in which substance concen-
tration is measured is mole (or millimole, micromole, etc.) per litre. In using
S1 units all concentrations are expressed in terms of substance concentration
wherever possible.

This use of substance concentration instead of mass concentration is the
most important difference between the use of St units and the use of
traditional units.

In the traditional system mass concentration was used almost exclusively
{although it was not called *’mass concentration”, which is a relatively new
name).. However; mass concentration was not, in‘the traditional system, always
expressed in terms of “’per litre”’. Sometimes “‘per litre”’ was used, sometimes
**per-100 mi”’ (that is, per 100 millilitres or 1/10 litre), and sometimes “per
millilitre”. Different countries {(and even different laboratories in the same
country) followed different practices, making for considerable confusion.




For particles or entities that are not dissolved it is not possible to use
either mass concentration or substance concentration; a different quantity
must be used. For example, the blood contains many different kinds of cell.
These cells are suspended in the blood, and we must have a way of express-
ing the number of ceils in each litre of blood. In this case the quantity name
is number concentration, which is defined as ‘‘the number of specified
particles or entities in a mixture divided by the volume of the mixture”.
The unit in which number concentration is measured in number per litre.

in the traditional system number concentration was called a “count’’ and it

was expressed in the unit “number per cubic millimetre”’.

Sometimes the quantity that is of concern is not the actual number of
cells per litre (number concentration) but the proportion of cells of a given
type — that is, the fraction of the total number that is accounted for by
cells of that type. This quantity is called number fraction, and the unit in
which it is measured is 1 (unity, ‘one’’). At first sight this may seem a little
confusing, but in reality it is very simple. Unity, or the number “‘one”,
represents the whole; 0.5 represents one half, 0.2 one fifth, 0.25 one quarter,
0.1 one tenth, and so on. For example, five kinds of leukocyte (white cell)
accur in the blood. The number fraction of each type might be 0.45, 0.35,
0.10, 0.08 and 0.02. (if you add these fractions, you will find that the
total is 1.0 — the whole).

In the traditional system this quantity had no name and results were reported
as percentages instead of fractions. For example, a number fraction of 0.5 was

reported as 50%, and a number fraction of 0.08 was reported as 8%. From this
you will see that percentage divided by 100 gives number fraction.

Another quantity that is measured by the unit ““one” is volume fraction.
This is defined as the volume of a specified component of a mixture divided
by the total volume of the mixture. For example, if the total volume
occupied by all the erythrocytes (red cells) in 1 litre (1 000 mi) of hlood
is 450 ml, the erythrocyte volume fraction is 450/1 000 = 0.45. The
erythrocyte volume fraction is important for the diagnosis of many diseases
and you will often measure it in the laboratory.

In the traditional system volume fraction had no special name: instead, each
different volume fraction had a different name. Erythrocytc volume fraction,
for example, was called “’packed cell volume" {which was misleading because
it did not specify what kind of cell was measured and because it was reported
as a percentage, not as a volume).
From the above explanation you will see that number fraction is ““‘number
per number’’ and volume fraction is “‘volume per volume’ — that is, they
are both ratios. For convenience, we say that the unit for reporting a ratio
is “one’,

On the following pages you will find a table of new and traditional

quantity names and of Sl and traditional units, with conversion factors.

UNITS OF VOLUME
Equivalent submultiples of the cubic matre and of tha litre
Name Symbol Equivalent in terms Name Symbol Equivalent in terms Equivalent in terms
of cubic metre of litre of millilitre
cubic decimetre dm® = 0.001m? = litre 1 = = 1000mi
{no special name) 100cm® = 0.0001 m? = decilitre” di = 0. litre = 100m|
{no special name) 10cm® = 0.00001 m® = centilitre* cl = 0.01 litre = 10ml
cubic centimetre cm® = 0.000001 m? = millilitre m = 0,001 itre
cubic miflimetre mm® = 0.000000001m°> = microlitre ul = 0.000001 iitre = 0.001 ml

*Seldom used in the iaboratory.




NEW QUANTITY NAMES AND Si UNITS, TRADITIONAL EQUIVALENTS, AND CONVERSION FACTORS

Trad. unit

New quantity name Sl unit Traditional quantity name . Conv. factors & examples*
erythrocyte number concentration  no. x 10'%/1  erythrocyte count millions/mm®  no conv. factor:
{see page 366) 4.5 millions/mm®= 4.5 x 102/
5.0 x 10'% /1 = 6.0 millions/mm?
erythrocyte volume fraction 1 packed cell volume or % packed cell volume 38% x 0.01
(see page 379) haematocrit = erythrocyte volume fraction
0.38
erythrocyte volume fraction 0.4
x 100 = packed cell volume 40%
leukocyte number concentration no. x 10°/1 teukocyte count no./mm? 8 000/mm> x 0.001 = 8.0 x 10°/1
(blood) {blood) 7.5 x 10°/1 x 1000 = 7 500/mm?>
{see page 360)
leukocyte number concentration no. x 10%/1  leukocyte count no./mm? no conv, factor:
{cerebrospinal fluid) (cerebrospinal fluid) 27/mm? =27 x 10¢/1
{see page 342) 25 x 10%/1 = 25/mm?
leukocyte type number fraction 1 differential leukocyte % lymphocytes 33% x 0.01 =
{e.g. lymphocyte number fraction) count (e.g. lymphocytes) lymphocyte number fraction 0.33
(see pages 397, 343)
lymphocyte number fraction
0.33 x 100 = lymphocytes 33%
reticulocyte number concentration no.x 10%/1  reticulocyte count no./mm? 86 000/mm> x 0.001 =
{see page 416) 86.0 x 10°/1
91.5x 10%/1 x 1 000 =
91 500/mm’>
reticulocyte number fraction® 1072 reticulocyte count % (2) 0.50% x 19=5x 1073
{see page 416) 12x 107 x 0.1=1.2%
or or
%0 (b) 5 %0 =5x 107
12% 1073 = 12 %0
thrombocyte number no.x 10°/1  thrombocyte count no./mm? 220 000/mm® x 0.001 =

concentration

220 x 10°/t
250 x 10%/1x 1 000 =
250 000/mm

* The axamples show first the conversion of actual numerical vaiues in traditional units into values in SI units, and then the conversion from S1 into
- traditional units, The conversion factor is underlined.

9 In this case, number fraction is reported not as a fraction of 1, but as a fraction of 1000, in order to avoid inconveniently small numerical values.




New quantity name Sl unit Traditional quantity name Trad. unit Conv. factors & exampies®
glucose, substance concentration mmol/l glucose, mass concen- mga/100 mi 81 mg/100 m! x 0.0555 =
{blood and cerebrospinal fluidj tration? (blood and 4.5 mmol/t

cerebrospinal fluid)

4.2 mmol/l x 18.02 = 75.7

mg/100 ml
haemoglobin{Fe), substance mmol/l haemogiabin, mass a/100 mi Hb 13.7 9/100 ml x 0.621 =
concentration concentration? Hb(Fe) 8.5 mmol/l

Hb{Fe) 9 mmol/l x 1.61 =

Hb 14.5 ¢/100 ml
haemoglobin, mass g/l haemoglobin, mass /100 mi 14.8 g/100 ml x 10 = 148 g/|
concentration® concentration? 1399/l x 0.1 = 13.9g/100 ml
mean erythrocyte haemo- mmol/l mean corpuscular haemo- %d 35% x 0.621 = 21.7 mmol/|
giobin{Fe) substance globin concentration 22 mmol/i x 1,611 = 35.4%
concentration® {i.e. mass concentration)

_mean.erythrocyte haemo- all mean corpuscular haemo- %d 35% x 10 =350 g/I
- globin mass concentration® globin concentration 298 g/l x 0.1 = 29.8%
(i.e. mass concentration)
protein, mass concentration g/l protein, mass concen- ma/100 mi 25 mg/100 mi x 0.01 = 0.25 g/l
{cerebrospinal fluid) tration® 0.31 g/l x 100 = 31 mg/100 ml
gh no change

urea, substance concentration mmol/t urea, mass concentration? mg/100 mi 15 mg/100 ml x 0.167 =
{blood) 2.5 mmol/l

2.9 mmol/l x 6.01 =

17.4mg/100mi

. urea nitrogen®, mass mg/100 ml urea nitrogen, 7 mg/100 mi

concentration x 0.357 = urea, 2.5 mmol/l

* The examples show first the conversion of sctual numerical values in traditional units into values in S1 units, and then the conversion from Sl into
traditional units. The conversion factor is underlined.
b passs concentration is what was measured, but the term “mass concentration’’ was not usually used.

" € Eor explanation, see the text.
d Mean corpuscular haemoglobin concentration was sometimes expressed in the form of a decimal fraction instead of a percentage, for example 0.35
: ilumd of 35% in this case, nch of the conversion factors listed must be multiplied or divided by 100, as in the following examples:

| 5D X620 = 21.7mmolfl
22 o il ) x 001611 = 0.354

0.35 x 3% " 36509/
: 208gN . -'»J"’|=0298
*in m traditional system urea wos sometimu rupomvd in terms of urea and sometimes in terms of urea nitrogen {i.a. the nitrogen content of the
um) ‘Conversions for both systems ere shown.
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GENERAL LABORATORY PROCEDURES




1. The Microscope:
Adjustment and Maintenance

Many of the diseases prevalent in hot climates are communicable diseases, transmitted by organisms that can often

be seen under the microscope in specimens taken from patients. Direct microscopy is therefore indispensable in
laboratories in tropical countries.

A clinical laboratory without a microscope or with a microscope that ic not properly maintained cannot be
considered properly equipped.

1. COMPONENTS OF THE MICROSCOPE

The various components of the microscope can be
classified into 4 systems:

(a) the support system

(b) the magnification system

{c) the illumination system

(d) the adjustment system.

A. The support system

This consists of:

The foot

. the limb

the revolving nosepiece {objective changer)

the stage

the mechanical stage, which gives a slow controlled
movement to the object slide,

PAWN -
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B. The magnification system
This consists of a system of lenses.

The lenses of the microscope are mounted in 2 groups,

one at each end of a long tube — the body tube:

— the first group of lenses is at the bottom of the
tube, just above the preparation under examination
.(the object), and is called the objective

— the second group of lenses is at the top of the tube,
where the microscopist applies his eye, and is
called the eyepiece.

1. THE OBJECTIVES
(a) Magnification

The magnifying power of each objective is shown
by a figure engraved on the sleeve of the lens:
— the x 10 objective magnifies 10 times
— the x 40 objective magnifies 40 times
— the x 100 objective magnifies 100 times.
{The x100 objective is usually marked with a red ring to
show that it must be used with immersion oil.}

(b) The numerical aperture (NA)

The NA is also engraved on the sleeve, next to the
magnification, eg:

-~ 0.30 on the x 10 objective

— 0.65 on the x 40 objective

— 1.30 on the x 100 objective.

The greater the NA, the greater the resolving power
(the ability to reveal closely adjacent details as
separate and distinct).

{Moreover, the greater the NA figure, the smaller the front lens
mounted at the base of the objective. The front lens of the
x 100 obijective is the size of a pin-head, so handle it with care.)

X 100 / 430

{c) Other figures may be marked on the sleeve:

- the recommended length in mm of the tube
{between the objective and the eyepiece) —
usually 160 mm

the recommended thickness in mm of the coverslip
used tec cover the object slide - e.g., 0.17.

The screw threads of all objectives are standard,
.- so the objectives in the revolving nosepiece are
.interchangeable.

X 40/o.6s

160 /0.1%




{d) Working distance of an objective

This is the distance between the front lens of the
objective and the object slide when the image is
in focus.
The greater the magnifying power of the objective,
the smaller the working distance.
— x 10 objective: the working distance is
5-6 mm
~ x 4dJ objective: the workirg distance is
0.5-1.5 mm
— x 100 objective: the working distance is
0.15-0.20 mm

(e) Resolving power

The greater the resolving power of the objective,
the clearer the image and the greater the ability to
reveal closely adjacent details as separate and
distinct.

The maximum resolving power of a good medical
laboratory microscope is about 0.25 um (the
resolving power of the normal human eye is
0.25mm).

Immersion oil increases the resolving power by conserving many
light rays that would be lost by refraction if a dry objective
were used.

2. THE EYEPIECE
Magnification

The magnifying power of the eyepiece is marked

on it:

— An x 4 eyepiece magnifies the image produced
by the objectlve 4 times

— Anx6 eyeplece magnlfles the i image 6 times

— Anx10 eyeplece magnifies the image 10 times.

If the object is magmfled 40 times by the x 40

objective, then 6 times by the x 6 eyepiece, the

total magnification is 6 x 40 = 240,

To calculate the total magnification of the object
observed, multiply the magnifying power of the
objectuve by that of ‘the eyepiece.

Microscopes used in medieal laboratories have a
magnifying power of between 5C and 1000.

Monocular and binocular microscopes

Monocular microscopes (only one eyepiece) give better
illumination and are recommended for use with x 100
oil-immersion objectlves when the source of I'ght is
daylight, .

Binocular microscopes (2 eyepieces but only using 1
objective at a time) are less fatiguing for the eyes when
Iong examinations have to be made. Electric illumin-
ation is; however, essential for the x 100 objective.

15




C.

1.

The illumination system
The source of light

Electric light should preferably be used, since it is
easier to adjust. It is provided by a lamp built into
the microscope beneath the stage, or by an external
lamp placed in front of the microscope.

Otherwise, daylight can be used. The microscope
must never be used, and should never be stood, in
direct sunlight. It should be well illuminated but
used in a subdued light. If there is bright sunlight
a bottle or a round flask of clear glass and full of
water can be placed in front of the microscope to
reduce the intensity of the light.

The mirror

The mirror reflects rays from the light source on
to the object. One side has a plane surface, the
other a concave surface. The concave side forms
a low-power condenser and is not intended to be
used if there is already a condenser.

The condenser

The condenser brings the rays of light to a common
focus on the abject to be examined.

It is situated between the mirror and the stage.
It can be raised {(maximum illumination) and
lowered {(minimum illumination). It must be
centred and adjusted correctly.

The diaphragm

The diaphragm, which is within the condenser, is
used to reduce or increase the angle and therefore
also the-amount of light that passes into the

condenser.

The wider the diaphragm the wider the angle and
consequently the greater the NA and the smaller
lthe detail seen. But the contrast is correspondingly
ess,




5.

Filters

In some microscopes coloured filters (particularly
blue filters) are fitted below the condenser. These
can be left in place or removed according to the
type of preparation being examined.

D.

The adjustment system

The system comprises:

1.

The coarse adjustment screw
This is the largest screw. It is used first to achieve
an approximate focus.

The fine adjustment screw
This moves the objective more slowly. It is used
to bring the object into perfect focus.

The condenser adjustment screw

This is used to raise the condenser for greater
illumination or to lower it to reduce the
illumination.

Condenser centring screws

There may be 3 screws placed around the
condenser: one in front, one on the left and one
on the right. They are used to centre the condenser
exactly in relation to the objective,

The iris diaphragm lever

This is a small lever fixed on the condenser. it can
be moved to close or open the diaphragm, thus
reducing or increasing both the angle and the
intensity of the light.

6.

Mechanical stage controls
These are used to move the object slide on the stage:
1 screw to move it backwards and forwards

--1-screw to move it to left or right.
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it, SETTING UP THE MICROSCOPE

When a new microscope is received in th
1
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. Position of microscope

Place it on a firm level bench (check with a spirit level) of adequate size but not too high. If electric
illumination is to be used the microscope must be placed in the shade, away from the window. Place a square
felt pad under the microscope. If no felt is available, use a piece of heavy cloth.

e

Fitting tho arreccnriag
Fitting the accessories

— Screw the objectives into the revolving nosepiece,
following this order in a clockwise direction:
— {x 3 or x 5 objective)
— x 10 objective
— x 40 objective
— x 100 {oil-immersion) objective.
The screw threads are standard.
— Put the eyepiece(s) in place.
— - Fix the condenser under the stage.
— Fix the mirror on the foot.

3. Positioning the lamp

If electric illumination is to be used, place the lamp
20cm in front of the microscope facing the mirror,
which should be fixed at an angle of 45°. Place a
piece of paper over the mirror. Adjust the position
of the lamp so that it shines on the centre of the
mirror.

If the lamp is fitted with a lens, the filaments in the bulb are
projected on to the piece of paper covering the mirror, This
makes it possible to centre the beam more precisely. In some
models the bulb is turned until a clear image of the filament
is obtained.

4, Preliminary adjustment of the mirror

Use the plane‘side of the mirror. Remove any
_coloured filters. Open the iris diaphragm to the
maximum. Raise the condenser. Place a piece of
thin white paper over the !sns at the top of the
concienser. This piece of paper should show an
ir;\?gg%of'the electric bulb, surrounded by a circle
-of light,




Adjust the mirror so that the image of the bulb is in
the exact centre of the circle of light (or the brightest
part if daylight is being used).

5. Centring the condenser (if centring is provided for)
it is very important to centre the condenser correctly. This is quite frequently overlooked.

(a) Place a slide preparation without a coverglass on the stage. Lower the condenser. Open the iris diaphragm.
Examine with the lowest power objective {x 3, x b or x 10). Look through the eyepiece and bring into

focus.

(b) Close the diaphragm. A blurred circle of light
surrounded by a dark ring appears in the field.

(c) Raise the condenser slowly until the edges of the
circle of light are in sharp focus.

{d) Adjust the position of the mirror (if necessary)
so that the circle of light is in the exact centre of
or superimposed upon the bright area surrounded
by the dark zone,
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{e) Using the centring screws of the condenser,
adjust so that the circle of light is in the exact
centre of the field. Check for other objectives
also.

6. Adjustment of diaphragm

Open the diaphragm completely. Remove the
eyepiece and look down the tube: the upper lens
of the objective will be seen to be filled with a
circle of light. Close the diaphragm slowly until
the circle of light takes up only 2/3 of the surface.
Do this for each objective as it is used.

7. Adjustment of eyepieces
- Selection of eyepiece

The x5 or x 6 eyepieces give good results for the medica! laboratory. With a high-power eyepiece there will
be increased magnification but perhaps no great increase in detail. The eyepiece to use is a matter of choice.

Binacular adjustment

In bmocular microscopes the mterpuplllary distance (the distance between the pupils of the eyes) can be
adjusted 1o suit the operator.




Focusing the right and left eyes

One of the eyepiece holders (usually the left) has a
focusing collar. If the collar is on the left eyepiece
holder, close your left eye and, using the x 40 objective,
bring the image into focus for your right eye with the
right eyepiece.

Then close your right eye and look through the left
eyepiece. If the image is in focus, no adjustment is
needed. If the image is not clear, turn the focusing
collar until it is in focus. The microscope is now
adjusted to suit your own binocular vision.

I11. FOCUSING THE OBJECT

1. Using a low-power objective (x 5 or x 10)
Rack the condenser down to the bottom.

Lower the objective until it is just above the slide preparation.
Raise the objective, using the coarse adjustment screw, until a clear image is seen in the eyepiece.

Occasionally a clear image cannot be obtained although the objective has been lowered as far as possible. This is because the fine
adjustment screw has been turned right to the end. Turn it back as far as it will go in the other direction and then focus by raising

the objective.

Rack the condenser up slightly if there is insufficient illumination.

2. Using a high-power objective (x 40)

Rack the condenser half-way down,
Lower the objective until it is just above the slide
preparation (the working distance is very short
— about 0.5 mm). ’
‘Using the coarse adjustment, raise the objective
\fle?é slowly until a blurred image appears on the
1eld.

.=-Bring-into-focus using the fine adjustment. Raise

the condenser to obtain sufficient lumination.

«‘>'lf:the microscope has no condenser, use the concave side of the
mirror.: :
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3. Using the oil-immersion objective (x 100)

Perfectly dry stained preparations must be used.
Place a tiny drop of immersion oil on the part to be examined (use synthetic oils, which do not dry, in
preference to cedarwood oil, which dries quickly).

Rack the condenser up as far as it will go, and open the
iris diaphragm fully. Lower the x 100 objective until

it is in contact with the oil. Bring it as close as possible
to the slide, but avoid pressing on the preparation
{modern objectives are fitted with a damper).

Look through the eyepiece and turn the fine adjustment
very slowly upwards until the image is in focus.

If the illumination is inadequate, use the concave side of the
mirror as recommended for the x 40 objective.

Important: In most microscopes now it is not the objective
holder but the stage that is moved up or down by the coarse and
fine adjustment screws. In this case the screws must be turned in
the opposite direction to bring the image into focus.

Depth of the field

The image is seen in depth when a low-power objective is used. The depth of focus is small and the impression
of depth intensified when higher-power objectives (x 40, x 100) are used, and the fine adjustment must be used
to examine every detail fromthe top to the bottom levels of focus of the object observed (e.g., the different
nuclei in a spherical amoeba cyst).

4, Images seen under the microscope

Remember that the circle of light seen in the
eyepiece is called ““the microscopic field”.

How to establish the position of objects seen

Objects observed in the field can be placed in
relation to the hands of a clock.

~ For example, a schistosome egg is placed at
2 o'clock” in the illustration.




Inversion of images

The image seen is inverted by the lenses:

— obijects seen at the bottom of the field are
actually at the top :

— objects seen on the left hand side of the field
are actually on the right.

Moving the object

If you move the slide to the right, the object
examined moves to the left.

If you move the slide towards you, the object
examined moves away from you,

Changing objectives

Modern microscopes are made so that when you change
from a low-power objective to a more powerful one to
examine the same object, the object remains more or
less in focus. If this is not the case, raise the nosepiece
before changing to the more powerfui objective and
refocus.

Before changing objectives, make sure that the object
examined is in the middle of the field, so that it is not ,
lost after the change. : X10 X40

IV. ROUTINE MAINTENANCE OF THE MICROSCOPE

The microscope needs daily attention to keep it in good working order and thus to ensure reliable laboratory
results. Special care is required in hot and humid climates.

1. Equipment

Pieces of old cloth and a fine soft linen handkerchief, already washed

Special lens tissue paper or, if unavailable, white absorbent paper (toilet paper)

A piece of chamois leather, if possible {otherwise a non-fluffy rag)

A little bottle of xylene (or toluene)

A plastic cover

A small rubber bulb and, if possible, a fine paintbrush {(or a special brush for cleaning lenses)

In hot, humid climates —

Laboratories with electricity:

— awarm cupboard heated by 1 or 2 light bulbs {40-watt)

Laboratories without electricity:

~— if possible, a desiccator 15-20cm in diameter with not less than 250 g of dry blue silica gel (which
indicates humidity by turning pink).

NOGRWN =

2. Cleaning the objectives
Dry objectives
Breathe on the lens and wipe with a soft cloth, moving the cloth across and not circuiarly.
Oil-immersion objectives
Remove the oil with lens paper or absorbent paper. If there are traces of old immersion oil or if cedarwood
oil has been used, moisten the paper very slightly with xylene or toluene, then wipe again with dry paper.

Every evening before putting the microscope away, remove any dust on the objectives by puffing air with
the rubber bulb. If necessary, remove any remaining dust using the fine paintbrush.
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3.

Cleaning the eyepieces

~— Clean the upper surface of the upper lens (where you apply your eye) with a soft cloth or tissue paper
— Clean the lower surface of the lower lens, inside the microscope tube, with the fine paintbrush
— If there is dust inside the eyepiece, unscrew the upper lens and clean the inside lenses using only air from

the rubber bulb and the fine paintbrush.

4. Cleaning the condenser and mirror
The condenser is cleanad in the same way as the objectives, with a soft cloth or tissue moistened with xylene.

The mirror is cleaned with a soft cloth moistened with alcohol.

Cleaning the support and stage

Clean with chamois leather or a soft non-fluffy cloth.

Never use xylene, which may remove the black paint from the microscope.
The stage can be cleaned thoroughly using absorbent paper impregnated with petroleum jelly.

V. ADDITIONAL PRECAUTIONS TO BE TAKEN IN HOT CLIMATES

A.

Hot humid climates

in hot humid climates, if no precautions are taken, fungus may develop on the microscope, particularly on the
surface of the lenses, in the grooves of the screws and under the paint, and the instrument will socn be useless.
This can be prevented as described below.

1.

Laboratories with electricity

Every evening place the microscope in a warm
cupboard. This is.simply a cupboard with a tight-
fitting door, heated by one or two 40-watt light
bulbs (for a cupboard just big enough to take 1 - 4
microscopes one bulb is enough). The bulb is left

on continuously, even when the microscope is not in
the cupboard.

Check that the temperature inside the cupboard is
at least 5° warmer than that of the laboratory.
For example:

—temperature of laboratory: 26 °C

— temperature inside cupboard: 32 °C.

Important: the microscopes must be kept in the
warm cupboard even if-the laboratory is air-
conditioned,

]
Gaugze or cotton wool plugs




2. Laboratories without electricity

The microscope can always be kept in the open air,
in the shade but near a sunny spot.

Never put the microscope in its wooden box (even
overnight) but always use a cover. The microscope
must, however, be cleaned daily to get rid of dust.

ldeally, the laboratory shouid be visited every 3 months by a specialist, who takes the microscope to pieces and:
— inspects the surfaces of the lenses and the prism for the first signs of fungus
— lubricates the metal parts with a special liquid oil that has cleaning properties.

B. Hotdry climates

In hot dry countries the main problem is dust (sandstorms, etc.). Fine particles work their way into the threads
of the screws and under the lenses. This can be avoided as follows:

1. Always keep the microscope usnder a airtight plastic
cover when not in use. Put it away in its wooden Lox
every evening.

2. At the end of the day’s work, clean the microscope
thoroughly by blowing air on it from a rubber bulb.

3. Finish cleaning the lenses with a lens brush or fine
paintbrush. If dust particles remain on the surface of
the objectives, remove with lens paper.

4, If there is a wet season lasting more than a month,
take the precautions recommended above for hot
humid climates.
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SOME THINGS NOT TO DO

Never clean the lenses of the objectives and eyepieces with ethanol.

Never dip the objectives in xylene or ethanol (the lenses would become unstuck).
Never use ordinary paper or cotton wool to clean the lenses.

Never touch the objectives with your fingers.

Never clean the supports or the stage with xylene.

Never clean the inside lenses of the eyepieces and objectives with cloth or paper (this might remove the
anti-reflecting coating); use a fine paintbrush only.

7. Never leave the microscope without the eyepieces unless the openings are plugged.
8. Never keep the microscope in a closed wooden box in hot humid countries.

oo hON -

9. Never put the microscope away with immersion oil on the objective.

10. Never carry the microscope by the limb with one hand: use both hands, one under the foot, the other
holding the limb.

THE McARTHUR MICROSCOPE

The WicArthur microscope is an instrument that, while capable of the highest magnifications and a number of
unusual forms of work, is no larger than a miniature camera, weighs less than half a kilogram, and can be used
in the hand.

It is used in tropical medicine for the examination of blood films and dissections of mosquitos for malaria in rural
surveys; of blood films and the cerebrospinal fluid for carriers of sleeping sickness; of urine and stools for eggs,
and of sputum in tuberculosis surveys, and also for the dissection of snails in schistosomiasis and the rapid
diagnosis of cholera (which can be done within s2conds and with no adjustment whatever).

The instrument has automatic focusing and gives a direct instead of an inverted image, is extremely rugged, and
has a wide range of accessories, including equipment for immersion, dark-ground illumination and phase contrast.
It can be used for the examination of sediments in considerable volumes of fluid, in blood counts and in a variety
of other operations in rural surveys in circumstances in which no other microscope can be used.




2. Laboratory Glassware -
and Small Apparatus

i
2

Flat-bottomed

Erlenmeyer round flask Round-bottomed
Beaker flask {Florence flask) flask
Y/
A5, -

Conical testing

Evaporating

Watch glass

glass Filter funnel dish
Kahn or Round-bottomed Conical
Test tube precipitin tubes centrifuge tube centrifuge tube
e
Crystallizing
Petri dish dish Desiccator Staining trough

Glassware for msasuring valume (pipettes, measuring cylinders, volumetric flasks, etc.):

See following sections.
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Bunsen burner
{hot flame)

Bunsen burner
(light flame)

Meker burner

Asbestos gauze
Tripod

Spirit lamp

Wooden test
tube holder

Slide
forceps

Pestle
Mortar

Timer

(Z‘Eﬂ@

Jt

Drop bottles

Wash bottle

Thermometer




3. Cleaning Glassware

PROCEDURES FOR CLEANING

Glass containers (Erlenmeyer flasks, beakers, tubes)
Pipettes

Microscope slides

Small apparatus (syringes, needles, etc.)

LN

I. GLASS CONTAINERS

A. New glassware

Glassware that has never been used is slightly alkaline.

in order to neutralize it:

— prepare a basin containing 3 litres of water and
60 m! of concentrated hydrochloric acid (i.e., a
2% solution of acid)

— leave the new glassware completely immersed in
this solution for 24 hours

— rinse twice with ordinary water and once with
demineralized water

- dry.

B. Dirty glassware
1. Disposal of specimen containers (see page 40)
2. Preliminary rinsing

Rinse twice in cold or lukewarm water (never
rinse bloodstained tubes in hot water). Glassware
that has been used for fluids containing protein
fluids must never be allowed to dry before first
being rinsed and then washed.

3. Soaking in detergent solution

Prepare a bowl of water mixed with washing powder
or liquid detergent. Put the glassware in the bowl
and brush the inside of the containers with a test-
tube brush. Leave to soak for 2—3 hours.

4. Rinsing

Remove the articles one by one. Rinse each one
thoroughly under the tap, then soak them all ina
bow! of ordinary water for 30 minutes. Rinse each
article in a stream of clean water. (Do not forget
that traces of detergent left on glassware can lead
to false laboratory results.)

5. Draining
Place containers (beakers, flasks, measuring

cylinders) on the pegs of a wall draining rack. Place
tubes upside down in a wira basket.

6. Drying

'Place in wire baskets and dry in the hot air oven
~at60 °C. Otherwise, place the baskets in a sunny
. spot in the.laboratory and cover with a fine cloth.

-
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7.

Plugging

The clean dry glassware should be put away in a
cupboard to protect it from dust. It is recommended
that containers should be plugged with non-
absorbent cotton wool or the mouths covered

with little caps made from newspaper or, preferably,
thin sheeting of paraffin wax or clinging plastic (e.g.,
Parafilm or Saran), if available.

PIPETTES

Immediate rinsing

As soon as a pipette has been used, it must be rinsed at once in a stream of cold water to remove blood, urine,
serum, reagents, etc.

Soaking in water

After rinsing, place the pipettes in a large, plastic measuring cylinder (or bowl) full of water. |f the pipettes
have been used to measure infected material, leave them in a cylinder full of disinfectant solution (a quaternary
ammonium compound or 2% phenol) for 24 hours.

Soaking in detergent and rinsing
Fallow the instructions given above for laboratory glassware.

Blocked pipettes

{a) Put them in a cylinder filled with dichromate cleaning solution (reagent No. 16). Shde them carefully into
the solution and leave for 24 hours.

(b} The next day, pour the dichromate solution into another cylinder (it can be used 4 tumes)

(c) Hold the cylinder containing the pipettes under the tap and rinse thoroughly.

{d) Remove the plpettes one at a time. Check that the obstruction has been washed away. Rlnse again.

{e) Leave to soak in ordinary water for 30 minutes, then repeat in clean water for 30 minutes.

. Warning: The dichromate solution is highly corrosive and should be used with extreme care. If accidentally spilled on skin, eye

(b) Fit this rubber tubing over the tip of the plp“tte.

or clothing, wash at once with copious amounts of water.

Drying
Dry Pyrex pipettes in the hot air oven at 60 °C and ordinary pipettes in the incubator at 37 °C or in the air.

Using the vacuum pump

This is a small metal or glass (fragile) instrument
that is attached to the tap.

(a) Turn the water on hard to drive a strong jet
through the pump. This causes air to be sucked
‘into the side arm of the pump and the rubber
tubing attached to it.

(c) Dip the other end of the pipette into the rinsing
liquid, which is sucked through the pipette and

discharged by.the pump into the sink.




11i. MICROSCOPE SLIDES
A. New slides

1. Soaking in detergent solution
Prepare a bowl of water with washing powder or liquid detergent using the amount of detergent recommended
by the manufacturer. Place the slides in the bowl one by one and leave to soak overnight.

2. Rinsing in water
Rinse each slide with tapwater and then soak in clean water for 15 minutes.

3. Wiping and drying

Wipe the slides, one at a time, with a soft, non-fluffy cloth. Place them on a sheet of filter paper, one by one.
Leave to dry. Examine each slide. Reject slides that are stained, scratched or yellow and those that have dull
patches on them.

4. Wrapping up
Divide the slides into piles of 10 or 20 and wrap in small sheets of paper.

5. Numbering

In some laboratories the slides in a series of 5
packets are numbered in advance from 1 to 100
with a diamond pencil (thus the packets contain
slides 1-20, 21-40, 41-60, 61-80 and 81-100
respectively).

B. Dirty slides

1. Slides soiled with immersion oil

Take the slides one by one and rub them with
newspaper to remove as much of the oil as
possible.

2. Slides with coverslips

, Using the tip of a needle or forceps, detach the
L coverslips and drop them into a beaker of water
{for cleaning of coverslips, see page 32).

3. Soaking in concentrated detergent solution

Prepare a bow! containing:

— . cold or lukewarm water

— detergent (in the amount recommended by the manufacturer).
L.eave to soak for 24 hours,

~Jetergents containing enzymes are excellent for removing blood films.

No:= When slides have been used for infected specimens {urine, stools), they should be placed in a disinfectant solution.
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4.

Cleaning slides
Prepare another bow! containing a weak detergent solution (15 ml of domestic detergent per litre of water).
Take the slides one by one out of the strong detergent solution.

Rub each one with cotton wool dipped in the strong solution, then drop it into the bowl of weak detergent.
Leave to soak for 1 or 2 hours in the bowl| of weak detergent.

Rinsing slides

Take the slides out one by one, preferably using forceps. If you use your fingers, pick them up by the edges.
Rinse them separately under the tap, then soak them for 30 minutes in a bowl of water. This is the best
method,

Quick method

Empty the bowl of weak detergent solution and fill with clean water, Change the water 3 times, shaking the
bow! vigorously each time.

Wiping, drying and wrapping up

Follow the instructions given above for new slides.

C. Coverslips
Coverslips can be recovered after use, cleaned and used again. For cleaning:

1.

SnawN

Soak in a weak detergent solution with added disinfectant made up in a large beaker as follows:
— 200 mi of water

— 3 ml of detergent

— 15 ml of bleach or 5 ml of a quaternary ammonium disinfectant.

Leave to soak for 2-3 hours, shaking gently from time to time.

Rinse out the beaker with tap water 4 times, shaking gently.

Give a final rinse with demineralized water.

Drain the coverslips by tipping them out carefully on to a pad of gauze.

Dry in the hot air oven at 60 “C, if possible.

Keep them in a small Petri dish. When taking them out, use special coverslip forceps, if possible.

IV. SYRINGES AND NEEDLES

As soon as a sample has been collected, remove the
plunger and rinse the barrel and plunger. Fill the barrel
and-insert the plunger; force the water through the
needle. Finally remove the needle and rinse the hub

cavity.

1.

3.

Syringe with blocked piston
To loosen the piston, several methods may be used:

{a) Soak for 2 hours in hot water (about 70°C).

(b) Alternatively, pipette 50% acetic acid into
the nozzle of the syringe with a fine Pasteur
pipette, Stand the syringe on its end, piston
down. Leave for 10 minutes.

(c) Soak the syringe for several hours in a bow!
of 10-voi. hydrogen peroxide.

Rinsing and soaking needles

As soon as the needle has been used, rinse it while
it is still attached to the syringe and leave it to soak
in the same way as the syringe.

Blocked needles
Use a nylon thread dipped in 50% acetic acid.

Otherwise use a stylet.




4. Sterilization

Sterilization means the freeing of any object or substance from all life of any kind. The equipment treated then
becomes free from living micro-organisms.

Iin the medical laboratory materials are sterilized for 3 main purposes:

1. Inpreparation for taking specimens {needles, syringes, tubes, etc. must be sterile)

2. To disinfect contaminated materials

3. To prepare the apparatus used for bacteriological cultures (Petri dishes, Pasteur pipettes, tu"es, etc.).

Sterilization is achieved in the medical laboratory either by moist heat (autoclave, boiling) or by dry heat (hot air
oven, flaming).

I. THE AUTOCLAVE

Principle

Water is heated in a closed container. This produces
saturated steam under pressure, with a temperature
of over 100 °C.

All types of organisms are killed when apparatus is
heated for 20 minutes at 120 °C in this steam under
pressure.

Components of the autoclave

1. Boiler
A large deep cylinder in which the apparatus to
be sterilized is placed.

2. Basket

A big wire basket that holds the materials to be
sterilized.

3. Basket support
A support in the bottom of the autaclave that
holds the basket above the water level.

4. Drainage tap
A tap fitted at the base of the boiler that drains
off excess water.

5. Lid

The lid covers and seals the boiler and is fitted with
a rubber washer.

6. Lid clamps

These clamps, together with the rubber washer,
seal the lid and prevent steam from escaping.

7. Air outlet valve

A valve at the top of the boiler or on the lid used
to let air out when the water is first heated.

8. Safety valve
A valve at the top of the boiler or on the lid that
‘lets steam escape if the pressure becomes too high
and so prevents an explosion.

9. Temperature gauge or pressure gauge
A dial at the top of the boiler or on the lid that
shows the pressure, the temperature, or both,
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Graduations on the gauge

All gauges indicate the temperature in degrees Celsius (°C); some also have a second set of figures indicating
the pressure.

Heating the autoclave

The heating system may be built into the instrument in the form of:
— electric elements or
— gas bumners.

Otherwise, the autoclave is heated over:
— abutane gas burner or
— a paraffin oil (Primus) stove.

How to use the autoclave

1. Preparation of material for sterilization

Syringes

These are placed in large glass tubes plugged with
non-absorbent cotton wool (the pistons and barrels
in separate tubes), or they are wrapped in gauze and
placed in metal trays.

Needles

Needles should preferably be placed separately in
small test-tubes that are then plugged. Place a pad

of non-absorbent cotton wool at the bottom of each
tube to protect the tip of the needle.

Otherwise, arrange them in metal trays with the points
stuck into a folded gauze pad.

The metal trays are placed uncovered in the autoclave.

Glassware

Specimen tubes, Petri dishes, etc. Wrap in brown paper
and tie with string.

Pasteur pipettes ,

These are placed in large tubes which are then plugged.
" Alternatively they may be wrapped in several layers of

brown paper.




2. Sterilization procedure

(a) Fill the bottom of the autoclave with water (up to the basket support).
Make sure that the water does not touch the basket. If necessary, drain off excess water by opening the
drainage tap.

(b) Put the basket containing the material to be sterilized in the autoclave. .
{Sterilization indicators can be added, i.e., indicator papers that turn black when the right temperature is
reached.)

{c) Close the lid, making sure that the rubber washer is in its groove. Screw dowr: the lid clamps evenly and firmly
but not too tightly.

(d) Open the air outlet valve.
(e) Begin heating the autoclave.

(f) Watch the air outlet valve until a jet of steam appears. Wait 3 or 4 minutes until the jet of steam is uniform and
continuous. This shows that all the air has been driven out of the autoclave.

{(g) Then close the air outlet valve. Tighten the lid clamps and reduce the heat slightly.

(h) Watch the gauge. When the desired temperature is reached (i.e., 120 °C), the heat must be regulated to maintain
it. Reduce the heat until the needle on the dial remains at the temperature selected.

(i) Start timing at this point:
— Materials for collecting specimens (syringes, needles, tubes): -
20 minutes at 120 °C.

— Containers of infected material (sputum pot, tubes of pus):
30 minutes at 120 °C.

— Bacteriological culture media:
follow the instructions of the bacteriologist or the chief laboratory technician.

3. Turning off the heat
(a) Turn off the heat as soon as the required time is up.

(b) When the temperature falls below 100 °C, open the air outlet vaive to equalize the pressures inside and outside
the autoclave.

{c) When the hissing sound stops, unscrew the lid clamps. Take off the lid. Leave to cool, then carefully remove
basket of sterile equipment. If drops of water have formed, dry in the incubator at 37 °C, if possible.

- Some things not to do

Never touch the drainage tap or outiet valve while heating under pressure.

Never touch the safety valve while heating under pressure.

Never heat too quickly to bring up the pressure, once the outlet valve is closed.

Never leave the autoclave unattended while the pressure is rising. )
“Never leave the autoclave to cool for too long. If it is left for several hours without the outflow valve being
 opened, a vacuum forms and the sterilized material may break.

oawN-
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1l. USING A PRESSURE COOKER

Pressure cookers are large saucepans designed to cook food very quickly, using steam under pressure. They are
used in some smatll laboratories to sterilize specimen collection equipment.

Model with revolving valve

1. Fill the bottom of the cooker with water. Place
the material to be sterilized in the basket held
above the water level by a support. The wrapped
artit):les should be placed upright (never lay them
flat).

2. Fiton the lid. Screw it down with its knob.
Place the revolving valve (V1) on its shaft in
the lid.

3. Start heating on the stove. The valve soon begins
- to turn, letting a jet of steam escape.

4. Wait until the jet of steam is continuous, then
lower the heat so that the valve keeps turning
slowly. Leave on moderate heat for 20 minutes.

5. Turn off the heat. Leave to cool {or cool under
the tap). Pull off the revolving valve so that air
can enter. Remove the lid. Take out the
sterilized material and leave to dry.

6. Never touch the safety valve (V2), which is fixed
to the lid.

Model with fixed valve

1. - Put the water and material to be sterilized in the cooker as described above.

2. Open the valve in the lid. Start heating.

3. Assoon as a continuous jet of steam escapes from the valve, close the valve,
‘4. Wait until the valve begins to whistle, When it does, reduce the heat. Leave on moderate heat for 20 minutes.
5. Turn off the heat. Leave to cool (or cool under the tap).

6. Open the valve so that air can enter. Remove the sterilized material, etc.

7. Never-touch the safety valve,




111. STERILIZATION BY BOILING

This method should be used only where there is no
alternative. Use a special boiling pan or, if not available,
a saucepan. Fill with water {preferably demineralized
water). Heat over the stove.

Glassware (syringes) should be put in while the water

is still cold.

Metal articles {needles, forceps) should be put in when
the water is boiling.

Leave articles used for collecting specimens (needles,
syringes} to boil for 20 minutes.

V. STERILIZATION BY HOT AIR OVEN

This method of sterilizing by dry heat can be used
only for glass or me*2l articles {syringes, needles,
pipettes, etc).

1. Prepare the material to be sterilized in the same
way as for the autoclave method. Cotton wool
plugs should not be too thick, sc that the air can
penetrate. Raise the lids of the metal boxes
slightly and arrange them so that they face the
back of the oven.

2. Set the thermostat at 175 °C and switch on the
oven. If there is a fan, check that it is working.

3. Watch the thermometer. When the temperature
reaches 175 °C, continue heating for a further
60 minutes. If the material is heavy or bulky or
if there are powders, oils, petroleum jelly, etc.,
heat at 175 °C for 2 hours.

4. Switch off the heat. Wait until the temperature
falls t0o 40 °C. Open the oven door. Close the lids
of the metal boxes. Remove the sterile material.
The wrapping paper used should have turned
brown. If white wrapping paper turns pale yellow,
the oven is not hot enough; if it is blackened, the
oven is too hot.
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V. STERILIZATION BY FLAMING

This is a method that should be used only for metal
articles such as forceps and scalpels. It is not
suitable for general use.

1. Place the articles in a metal tray.

2. Add about 10 drops of ethanol and ignite.

3. Tilt the tray one way, then the other, during
flaming.

Bacteriological loops, vaccinating needles, or lancets
for taking capillary blood samples should be heated
in the flame of a gas burner or spirit lamp until they
are red hot.




4. Remove the lid. Light the fire and keep it burning

5. Disposal of Specimens and
infected Material

Important: The specimens examined in the laboratory (stools, pus, sputum, urine, etc.) are often infectious. After
examination they must be destroyed in such a way that all risk of infection is avoided.

The specimens may be disposed of:
— in cardboard cartons or plastic pots that can be destroyed (stools, sputum)
— in glass jars and bottles that can be cleaned, sterilized and used again.

All disposable containers are used once only.

DISPOSABLE BOXES CONTAINING STOOLS
OR SPUTUM

These may be burned (incinerated) or buried in the
ground.

.~lncineration is the easier and more effective method.

A. Incineration
Makirig an incinerator
1. Use an old metal drum.

2. Fix a strorng metal grating (g) firmly about 1/3
of the way up the drum.

3. Cut a wide opening or vent (v) below the level
of the grating.

4. Find a removable lid (i) for the drum.

How to incinerate

1. At the end of each morning’s and afternoon’s work,
place all used stool and sputum boxes on the grating
of the incinerator.

2. Always keep the metal drum tightly closed (both
: lid and vent) except during incineration,

3. Incinerate once a week, or more often if necessary.
Fill the bottom of the drum with paper, sticks,
wood shavings, etc.

until all the infected material has been reduced to
ashes.

5. Theash produced is not dangerous and can be
thrown on the refuse heap.
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B. BURIAL

{a) Dig a pit 4-5 metres deep and 1-2 metres wide.

(b) Make a lid that fits tightly over the pit. It is
advisable to strengthen the upper rim of the pit
by lining it with bricks or stones.

{c) Throw stool or sputum boxes and other infected
material into the pit twice a day. Rep'ace the
lid immediately.

{d) Once a week, cover the refuse with a layer {about

10cm thick) of dried leaves. &
{e) If possible, instead of using dry leaves add a /ayer \\
or quicklime once a week. 3

STERILIZATION AND CLEANING OF NON-DISPOSABLE CONTAINERS

This is a more dlfflcult pracedure (so, where possible, use disposable containers).

The jars and bottles may contain:
— very infectious material (stools, sputum, pus, CSF)
— other specimens (blood, urine).

A. Stool containers

Fill the jars containing stools with a 5% solution of phenol or a similar disinfectant. Leave for 24 hours. Empty
into the lavatory. If the lavatory is connected to a septic tank, phenol or other antiseptic should not be added to
the stools. Clean the jars with detergent and water, as described on page 29.

B. Sputum pots and tubes of pus and CSF

There are several possible methods.
“Using an autaclave . ..

This is the best method. '

1, Place the jars as they are in the autoclave and sterilize for 30 minutes at 120°C to destroy all organisms.
2. After they have cooled, empty the contents into the sink or the lavatory.
3. . Clean with water and detergent.
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Boiling in detergent

Keep a large pan especially for this purpose,

Boil sputum pots:

— for 30 minutes

— . in water containing washing powder in a strong
solution (or, even better, sodium carbonate crystals)
60 ml per litrerobwater,

’

Using formaldehydesolution (reagent No. 26) or pheno!

Pour into each sputum pot:
— 10ml of undiluted:formaldehyde solution, or
-~ 5ml of 5% phenol.

Leave for 24 hours.

C. Urine hottles

Empty the bottlesinto the lavatory.

Fill them with:

- a10% solution-of commercial bleach, or
— - a 2% solution of phenol.

Leave for 24 hours.

D. Tubes of blood

Tubes of fresh blo

: /lected the same day should be:
= rinsed in cold

— left tosoak ina

ergent solution (see page 29).
Tu

ept for several days at room
ganisms may multiply in them

bes of “o/d”’ bloc
temperature where
ould be: - >
— filled with a 10% solution of commercial bleach
left for 12 hours and then rinsed and cleaned.
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6. Measurement of Volume

microlitre millilitre or litre
cubic centimetre
Abbreviation ul, mm3(“c.mm’’) ml, em? 1
= 1/1000 ml = 1/1000litre = 1000 millilitres (ml})

The unit used most often in the laboratory is the millilitre (ml).

The following apparatus is used for measuring volume
in the laboratory:

1. Measuring cylinders

Pipettes

Volumetric flasks

Burettes

Graduated dropping pipettes
Graduated conical testing glasses

ook wN
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1. MEASURING CYLINDERS

Various volumes can be measured with these, but
without great accuracy.

Use a measuring cylinder with a capacity close to

the volume required. For example:

— to measure 45 ml, use a 50-ml measuring cylinder

~ to measure 180 ml, use a 200-m! measuring cylinder

— to measure 850 ml, use a 1000-m! measuring
cylinder.

@L((u.!u/( 0

Reading the fevel

A concave meniscus (M) forms at the surface of water
(and most other liquids) in narrow glass tubes.

The reading should be made at the graduation mark
{G) corresponding to the lower part of the meniscus.

To avoid errors in reading, stand the cylinder on a
bench and adjust your eye level to the surface of the
liquid.




2. PIPETTES

(a) Graduated pipettes

The following graduation marks are marked at the
top of the pipette:

— the total volume that can be measured

‘— the volume between 2 graduation marks.

There are several types of graduated pipette:

1. A pipette with graduations to the tip (A).
The total volume that can be measured is
contained between the 0 mark and the tip.

2. A pipette with graduations not extending to
the tip (B).
The total volume is contained between the
0 mark and the tast mark before the tip
(this type is recommended for quantitative
chemical tests).

Various volumes can be measured using graduated
pipettes. For example:

— a 10-ml pipette can be used to measure 8.5ml
— a b5-ml pipette can be used to measure 3.2ml

— a 1-ml pipette can be used to measure 0.6 ml.

Sml
[+]

-

~

(b) Volumetric pipettes

These are intended to measure a precise volume
with a high degree of accuracy (A and B). B are
considerably cheaper than A, yet are quite precise
enough for clinical analyses. -

There are two other types:

1.

A pipette with a single graduation mark, which is
intended to be filled to the mark. After discharge
of the contents, the pipette is allowed to drain
for 15-45 seconds (according to size, marked on
bulb) and the last drop is expressed against the
side of the recipient container. It should not be
blown out.

. A pipette with 2 graduation marks, In skilled

hands this may be more accurate, but it is less
reliable for the less expert because it is easy to
overrun the lower graduation when discharging.
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To pipette dangerous fluids

1. Use a pipette with a safety bulb (S) near the
mouth opening

2. Plug the pipette with cotton wool (non-absorbent)
{C) or

3. Aspirate the solution with a rubber bulb pipette
filler (this is far the best method).

How to hold the pipette

Hold the pipette in a vertical position to check that the
liquid reaches the desired graduation mark (G). The
mark should be level with the bottom of the meniscus
formed by the liquid.

The tip (T) of the pipette should be held against the
side of the receptacle.

3. VOLUMETRIC FLASKS

These are graduated to measure a certain volume when
filled to the graduation mark,

They have various capacities:
— 2000 and 1000 m!
- 500 mi
250 and 200mi
100mi
50and 25ml.

Volumetric flasks are more accurate than measuring
cylinders, They should be used for the preparation
of reagents.

For example: 1 litre of sodium chloride solution
(reagent No. 45) is prepared by washing 8.5 g sodium
chioride, dissolved in water in a beaker, into a 1000 m!
flask through a funnel and diluting (while mixing) to
the 1000.ml mark.




Alternatively, the substance(s) can be dissolved in a
small container and the solution poured into the flask
along a glass rod.

Rinse the contairer several times, pouring the liquid
into the flask along the glass rod each time. Fill to
the graduation mark.

(This method is recommended for the preparation of
titrated chemical reagents.)

Temperature of the liquid

The temperature at which liquids should be measured
is etched on the flask (after the capacity figure).

For example:
— 200ml: 20°cC.

Liquids expand with heat and contract when cold.
Never measure hot liquids, or cold liquids just taken
from the refrigerator.

Stoppers

Volumetric flasks should have plastic (preferably) or
ground glass stoppers. Be careful not to lose them, so
tie them to the neck of the flask with a piece of thread.

Cost

Volumetric flasks are very expensive, so use them with
great care.




4. BURETTES

These are graduated glass tubes with a glass stopcock
at the lower end. Burettes are filled from the top with
the liquid to be measured. They are of 10ml, 20 ml,
25 ml and 50 ml capacity.

Stopcock and tap (A)

The stopcock and tap should be kept well greased.

To grease a clean stopcock properly, apply the tiniest
smear of petroleum jelly with a finger tip down the
two sides of the stopcock away from the capillary
bore. Then insert the stopcock in the burette and
rotate it until a smooth covering of the whole stopcock
is obtained. Keep the top plugged or covered (8).

5. CALIBRATED DROPPING PIPETTES

Ordinary calibrated dropping pipettes often deliver
(2)% drops per mi of distilled water, thus 1 drop =
.05 ml.

Hold the dropping pipette absolutely vertical to
measure the drops. Check that drops do not contain
any air bubbles.

Calibration of dropping pipettes

Using a volumetric pipette, measure 1 ml of water into
- a'small tube.

“"Draw the water into the dropping pipette to be
calibrated.

Count the number of drops delivered from the ml of
water.

-‘Repeat the procedure 3 times to check the accuracy.
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6. GRADUATED CONICAL TESTING GLASSES

These are not very accurate. Avoid using them for

laboratory tests.

ACCURATE LESS ACCURATE INACCURATE
Pipettes Measuring cylinders Conical testing
Volumetric flasks Calibrated dropping pipettes glasses

SOME THINGS NOT TO DO

1. Never measure the volume of hot liquids (they will have expanded).

2. Never heat graduated glassware in a flame.

3. Never leave graduated glassware to soak in an alkaline solution (sodium hydroxide, potassium, ammonia).
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7. Balances

UNITS OF WEIGHT
milligram centigram decigram gram kilogram
Abbreviation mg (107%g) cg (107%g) dg {1071 g) 9 kg (10%g)
Corresponding 1 10mg 100mg 1000 mg 10009
value 1000 S _L _1_ 1 K
100° 10° 1000 °
: Sensitivity of a balance
‘ : This corresponds to the smallest mass that makes the pointer move over one division on the scale. For example:
if the seiisitivity of a balance is 1 mg, this means that a mass of at least 1 mg is needed to move the pointer.
For routine laboratory purposes, the sensitivity of a balance can be considered to be the smallest mass that it will
measure accurately.

1. OPEN TWO-PAN BALANCE

This has 2 pans supported by shafts. It may be designed
for use with separate weights, as illustrated, or incorporate
a.graduated arm with a sliding weight (‘’Harvard trip
balance"’). It is used to weigh large amounts (up to several
kilograms) when a high degree of accuracy is not required,
eg.22.5g,389,859, 3804.

Sensitivity: 0.5 g (500 mg).

If the pans are made of easily scratched or corroded
material, protect them with rings cut out of strong plastic
or old X-ray fiims of equal weight.

1225 020220 50

" Set of weights for use with open two-pan balance.




2. ANALYTICAL BALANCE

This balance has 2 pans suspended from a cross-beam
inside a glass case. :

Use the balance:

— to weigh small quantities (up to 20 or 200g,
depending on the model)

— when great accuracy is required: e.g. 3.85g,
0.220g, 6.7404.

Sensitivity: 0.5 mg - 0.1 mg, depending on the model.

Components of the balance

CB = cross-beam. This is the structure from which
the pans are suspended.

KE = knife edges (KE1, KE2, KE3). These support

the beam at the fulcrun: during the weighing

and give sensitivity to the balance. Those on

the beam support the suspended pans.

stirrups (S1, S2)

pointer

pans

beam release screw (or pan arrester control).

Arrests the pan so that the sudden addition

of weights or chemicals will not injure the

delicate knife edges.

adjusting screws 77\581, AS2). Used only for

initial adjustment of the unloaded balance to

a reading of zero,

>
n
]

Set of weights for use with analytical balance.,

Single pieces: 1,2, 5, 10, 20, 50, 100, 200 and 5009. .
- Single fractional pieces: 2, 5, 10, 20, 50, 100, 200
. and 500mg.
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2.

oo s w

Instructions for use
1.

The cross-beam must always be at rest (beam release screw tightened) before the weights and the substance
to be weighed are placed on the pans.

The cross-beam must always be put back at rest before the weights and the substance weighed are removed
from the pans.

Always place the substance to be weighed on a piece of paper folded in 4, or in a watch glass or porcelain dish.
Always use forceps to pick up the weights.
Check that the pans are balanced by unscrewing the beam release screw, after closing the glass case.

Use adjusting screws AS1 and AS2 to obtain a perfect balance when compensating for the weight of the
receptacle in which the substance will be weighed.

— When the screw is turned away from the central support the weight is increased

— When it is turned towards the central support the weight is decreased.

3. DISPENSARY BALANCE

This balance also has 2 suspended pans, but it has no
glass case and no rests.

Sensitivity: 5-10 mg.

The dispensary balance is more accurate than the open
two-pan balance, but weighs only up to 50g. (After
using the dispensary balance, put it away in a closed
cupboard.)

4. WEIGHING PROCEDURE

{a) Place the bottle containing the substance to be

(b) Place on the left-hand pan the receptacle (folded

{c) Place on the right-hand pan the weights equivalent

weighed to the left of the balance.

paper or dish) in which the substance will be
weighed.

to the weight of the receptacle plus the amount
of the substance to be weighed.

(d) To measure out the substance to be weighed:

— hoid the bottle tilted in your left hand
(label upwards)

— tap the'neck of the bottle gently with your

right hand so that the powder or crystals

to be weighed fall little by little

use a clean spatula when weighing small

amounts of substances.




(e} Assoon as the substance has been weighed, move
the bottle to the right hand side of the balance.
Thus place:

— the weighed substances on the right
— the unweighed substances on the left.

This avoids confusion.

(f) Read the label 3 times:

— before taking the bottle off the shelf

— while weighing the substance (label facing
upwards)

— after weighing, when you move the bottle
to the right of the balance.
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8. Centrifuges

Centrifugal force
A body is rotated in a circular movement (CM) at speed.

This creates a force that drives the body away from the
centre of the circular movement: centrifugal force (g).

You should a/ways follow the manufacturer’s instruc-
tions in centrifuging, but it is possible to calculate the
revolutions per minute (r/min) from g for an individual
centrifuge. Measure the radius (r) of the rotor arm and
use the formula:

g=r X (r/min)2 X 118 X 107

For example, if the radius is 25cm, 500g is about
1300 r/min.

Centrifuges consist of
— acentral shaft or spindle {A) which rotates at
high speed
— ahead (E), fixed to the shaft, with buckets for
holding the centrifuge tubes
— tubes (T) containing the liquid to be centrifuged,
which are fixed to the head.
l”;‘
ad 1
Wheq the spindle rotates the tubes are subjected to ‘\_’/
centrifugal force. They swing out to the horizontal

and the particles in suspension in the liquids in the
tubes are thrown to the bottom of the tubes.

.5




The particles are compacted at the bottom of the 7
centrifuge tubes, forming the centrifuge deposit. A

The deposit can be separated from the supernatant pem e —e s, .
fluid and examined. It may contain: e :‘,,' . .-;;f-:a

— blood cells

— parasite eggs (in diluted stools) \_/

— cells from the urinary tract {in urine)
etc.

DIFFERENT TYPES OF CENTRIFUGE

A. Hand centrifuge

This is operated manually by turning a handle.
It takes 2 or 4 tubes.

Uses
1. To examine urinary depasits
2. To concentrate certain parasites in stools.

The speed is insufficient for satisfactory separation
of red cells from plasma in blood.

Important: L

Clamp the hand centrifuge firmly on a stable support (edge of a table).

Balance the 2 diametrically opposite tubes perfectly as indicated in instructions for use, page 54,

Keep your distance while centrifuging.

To stop the centrifuge, do not slow down the turning of the handle. Pull the handle out of the machine with
a sharp movement.

Remove the tubes slowly and carefully (so as not to disturb the deposit).

Lubricate the spindle of the centrifuge regularly.

Warning: The hand centrifuge can cause serious injury, so follow the instructions above carefully.

oo RWN-

B Electric centrifuges

In cé;tain areas battery-operated centrifuges may
be used.

Centrifuges are used with two types of head:

1. “Swing aut”lié'ad WL

The head:is designed to sﬁing the tubes out to a
horizontal position during centrifuging. This is
the type most frequently needed.
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2. "Angle” head

Thic halde tha tihae at an anala af ahant AR
1S NGIGS WIS WO al anl angi€ & aoCuLl 59

during centrifuging. 1t is useful for certain
techniques, e.g. agglutination tests in blood group-
ing by the test-tube method. It is not essential,
however, for any of the techniques described in
this manual.

Accessories for electric centrifuges
Buckets (tube holders)

There are several types, depending on the model:

{a) buckets designed tc hold one round-bottomed
or conical tube only

(b) buckets that hold 2 round-bottomed or conical
tubes

{c) buckets that hold 9 small (precipitin) tubes etc.

Some models are fitted with:

‘= atimer (T) that stops the centrifuge automatically
when the time is up (e.g. after 5 or 10 minutes)

— a revolution counter (RC), i.e., a dial with a needle
that indicates the speed of the machine during
centrifuging (this is useful for some methods of
concentration of parasites).

INSTRUCTIONS FOR USE

1. Balancing the buckets

If the tubes are numbered, place them as follows:
— tube 1 opposite tube 2
— tube 3 opposite tube 4.

Balance the tubes that are opposite each other by

weighing them in their buckets an the cpen two-

pan balance. To balance:

— either add more of the liquid to be centrifuged
to the lighter tube

~ or.add water to the bucket containing the
lighter tube (using a wash bottle).

If only one tube of liquid is to be centrifuged,
balance it with an identical tube filled with water.




2. Preventing breakage of tubes

Always pad the bottom of the buckets with the
rubber cushions provided with the machine. This
protects thesbottom of the centrifuge tubes.

Using a wasii bottle, add a little water between

each tube

3. Starting and stopping the centrifuge
(a) Start the motor and gradually increase the speed, turning the knob slowly until the desired speed is reached.
(b) Stop the.centrifuge gradually (some models have a brake that can be applied).
(c) Removethe tubes slowly and carefully.
(d) Never open the centrifuge until it has come to a complete stop.
{e) Never try to slow it down with your hand.

4. Cleaning and.lubrication

Keep the bow! of the centrifuge very clean. Rinse the buckets after use. Remove any spots of blood, etc.
Lubrication should be carried out by a specialist, according to the manufacturer's instructions.

Important: If you fall into the habit of centrifuging without balancing the tubes beforehand, the
centrifuge will soon break down.

55




9. Water for Laboratory Use

The medical laboratory needs an adequate water supply for its work. It requires:

1.
2,
‘ 3.
b 4.

Clean water

Distilled water

Demineralized water (if possible)
Buffered water (if possible).

P In some areas water is scarce and highly contaminated. How can clean water he abtained?

A.
1.
2
3

CLEAN WATER-

Quality control
Fill a bottle with water.

. Let it stand for 3 hours.
. Examine the bottom of the hottle, If there is a

deposit, the water needs to be filtered.

(] J

2.

Filtering

. Using a porous unglazed porcelain or sintered

glass filter (Chamberland type or other)
{a) This can be attached to a tap.

{b} Alternatively, it can be kept immersed in a
container of the water to be filtered.

Important: Filters of this type must be dismantled

once a month and washed i boiling filtered water.

Using a sand filter

This can be made in the laboratory. You will need:
(a) A filter reservoir (a large container such as
a metal drum, a big earthenware pot or a
perforated bucket)
(b) Sand
{c) Gravel.

I 10031 e




C. Storage of water

If water is scarce or comes from a tank or well, always
keep a large supply in reserve, preferably in glass or
. plastic containers.

Decant water that has been stored before filtering it.

. D. Water supply

If there is no running water in the laboratory, set up

a distributor as follows:

1. Place the container of water on a high shelf.

2. Attach a rubber tubing to the container so that
the water can flow down.

3. Clamp the rubber tubing with a Mohr clip or a small
screw clamp.

DISTILLED WATER

A. Preparation

This is prepared using a still, in which:

— ordinary water is hedted to boiling point

— the steam produced is cooled as it passes through
a cooling tube and condenses to form distilled
water.

.. The following types of apparatus are available:
“1. Copper stills (alembics)
2. Glass stills.

They are heated by gas, kerosene or electricity,
depending on the type of still.

1. Copper or stainless steel alembics

One of the simplest models is the alembic supplied
by UNICEF (ref: 01.680.02).
(a) Fill the reservoir with the water to be distilled.
(b) Connect the cold water tube to a tap.
(c) Heat the reservoir with:

‘—""a Bunsen burner, or

— akerosene heater (Primus type).

The still can produce 1 or 2 litres of distilled water
per hour, depending on the efficiency of the
heating system,
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2. Glass stills

These are more fragile, but almost always produce
purer water. The distiilation method is the same.
Make sure that the running water circulates freely
round the condenser (C). The water can be heated
in the flask by an electric element (E).

important:
{a) Tollect the distilled water in a glass or plastic

container that is proiected from the atmosphere.
{b} Do not distil the last 1/4 of the water heated.

1
i
A

B. Quality control of distilled water

Usea 179/i (17 g in 1 litre of solution) (1.7%) aqueous
solution of silver nitrate (AgNO,) (reagent No. 43).

Put in a beaker:

— 10 ml of distiiled water

— 2 drops of nitric acid

— 1ml of the silver nitrate solution

The water should remain perfectly clear.

If a slight whitish turbidity appears, the quality of the
distilled water is poor,

The pH of distilled water is normally between 5.0 and
5.5 (i.e., it is acid).

C. Uses for distilled water

1. For the preparation of reagents
2. Asa last rinse for some glassware before drying.

Important:
1. Do not use commercial distilled water (the type sold for filling car batteries) for the preparation of laboratory
reagents. '

2. Freshly brepared distilled water is preferable; if this is not possible store the distilled water in glass or plastic
containers, which should be washed periodically.
3. Always use distilled water prepared the same week.




 DEMINERALIZED WATER

Principle
Demineralized water is prepared by passing ordinary
water through a column of jon-exchange resins.

The apparatus consists of a long cartridge filled with
ion-exchange resin granuiles.

The water filters through the column of granules, which
retain all the mineral ions (i.e., all the dissolved mineral
salts). This water free from ions is called demineralized
water,

Preparation
. Check that the cartridge is completely filled with
ion-exchange resin granules. Some demineralizers
have 2 cartridges through which the water passes
successively.
Connect the inlet tube of the apparatus to the
water supply (a tap or a small tank placed above).
In some models the water flows in at the top of the
column, in others at the bottom.
. Let the water flow in slowly.

Collect the demineralized water in a closed
container.

Quality control of demineralized water
. Apparatus with a control dial

This measures the conductivity of the water. The

more complete the demineralization, the lower the

electrical conductivity of the water.

(a) Check that the control system is fitted with a

* . ‘ battery in-good working order.

{b) To check that the battery is charged, press the

button marked “zero test”. The needle on

the dial should-swing to zero.

(c) Let water flow into the cartridge.

(d) When demineralized water begins to flow out

at the other end, press the button marked

'water test’’, The needle should register a

- resistivity of over 2 megaohms/cm (2 M$2/cm).

(e} If the needle stops at a point below 2 or stays

e at zero, the cartridge of iori-exchange resins
A has bee wused for too long and must be replaced

. “he apparatus may be graduated in resistivity
M$2/em) or in conductance (siemens, S). Most
ode struments manufactured in Europe use




2. Apparatus without control dial

Using an indicator paper, determine:

— the pH of the ordinary water fed into the
apparatus

— the pH of the demineralized water that flows

out at the other end.

{f the pH remains the same (usually below 6.5),
the resin is no longer active. Good-quality
demineralized water should have a pH between
6.6 and 7.0.

An additional check can be made usinga 17 g/l
(1.7%) solution of silver nitrate (AgNO; ) (reagent
No. 43). Pass a weak solution of sodium chloride
{cooking salt) through the resin, then carry out
the test described above for the quality control of
distilled water. If a slight whitish cloudiness
appears the resin must be replaced.

3. Change of colour in resin

Some resins change colour (e.g., they may turn
black) when they are exhausted and need to be
replaced. Consult the instructions for use supplied
by the manufacturer.

4. Replacement or reactivation of ion-exchang® resins

This can be done in one of the following ways,

depending on the model:

(a) The cartridge is replaced by another filled with
resins and ready for-use.

{b) The column of the apparatus is refilled with
resin or a mixture of 2 resins.

{c)} The exhausted resin can be reused following
reactivation, i.e., by passing a solution of
ammonia through the apparatus.

Follow the instructions for, use supplied by the
manufacturer.

: c Uses for demineralized water
“Demineralized water is slightly less pure than distilled water, for it may still contain traces of organic matter. It

" is, however, pure enough for:

—_rinsing glassware before drying
~~ preparing almost all the reagents used in medical laboratories, including stains.

,Qié\ti!ledwatercan be saved by preparing demineralized water in the laboratory (especially for rinsing glassware).




BUFFERED WATER

Distilled water is usually acid and demineralized water becomes acid on exposure to the air. For a number of
laboratory procedures {preparation of stains, etc.) the pH of the water has to be around 7.0 (neutral water) and
kept neutral. This is achieved, if possible, by dissolving buffer salts in the water (buffered water).

Materials

(a) 10ml and 1000 ml measuring cylinders

{b} 1000 ml volumetric flask

{c) Lovibond type comparator {UNICEF ref. No.
931200), if available. Otherwise, pH indicator
papers, narrow range

{(d) Distilled (or demineralized) water

(e) Bromothymol blue indicator

{f) Disodium hydrogen phosphate (Na,HPQ,.2H,0),
hydrated

{g) Potassium dihydrogen phosphate (KH,PO,),
anhydrous.

<

PN

. Method
. Weigh out 3.76 g of disodium hydrogen phosphate

accurately,

. Transfer the chemical to a 1000 mi volumetric

flask through a funnel.

Rinse out the weighing container into the
volumetric flask several times with water. Rinse the

' funnel into the flask,
.. Weigh out accurately 2.1 g of potassium dihydrogen

phosphate and proceed as in 2 and 3,

Add a little more water and mix the solution until
the chemicals are dissolved.

Complete to the 1-litre mark with water.

Replace the flask stopper and mix the solution well,
Store the solution in a white glass reagent bottle
and keep in a refrigerator {reagent No.12).
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9. Pipette into a comparator tube:

— 10ml of the buffered water
— 6 drops of bromothymol blue.

Mix.

10. Place this tube (containing bufferéd water and
indicator) in the comparator (tube 1),

Place beside it another tube containing water
alone (tube 2).

11. Compare the colour of tube 1 (seen through
window 1) with the colour of the disc seen through
window 2,

Turn the disc until both windows show the same
colour,

Then read off the pH shown at the hottom right
hand corner.

12.pH 7.0 to 7.2: the buffered water is satisfactory.
pH below 7.0: the water is acid,

If the water is acid make a fresh solution, using
distilled water that has been boiled for 10 minutes
in an uncovered round flask (this gets rid of the
carbon dioxide).

13. If the water is still acid after boiling:

— add 5 drops of phenol red for every litre of
water

—~ neutralize by adding a 2 g/ (0.2%) solution
of sadium carbonate, one drop at a time, until
the water turns pink,




14. pH above 7.2: the water is alkaline.
Add 5 drops of phenol red for every litre of water.

Neutralize by adding a 5 g/l (0.5%) solution of
acetic acid, one drop at a time, until the water
turns orange.

ACETIC
AcD 05°%

If no phosphate compounds are available:

— neutralize distilled or demineralized water directly,
as shown in steps 12-14 above.

If no Lovibond comparator is available:
— use pH indicator papers (see instructions for use
on page 309).

Note: The pH can also be corrected by adding small quantities of

the buffer salts:

— disodium hydrogen phosphate to increase the pH if the water
is acid (pH below 7.0)

— potassium dihydogen phasphate to reduce the pH if the water

is too alkaline {pH above 7.2).
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10, Makmg Glass Equipment

Glass is produced by the fusion at a very high temperature of a mixture of sand and potassium {or sodium). This
forms a silicate (ordinary soda-lime glass). Sometimes boric acid is added to the ingredients to produce borosilicate
glass {Pyrex, etc.), which is less brittle and more resistant to heat. Certain pieces of equipment can be made in the
medical [aboratory by heating ordinary glass.

A. MATERIALS

1. Hollow glass tubing:
— external diameter: 4-8 mm
— thickness of wall: 0.9-1.0 mm

2. Glass rods:
— diameter: 4-8 mm

3. Glass cutter, diamond pencil or file
4. Cloth

6. Bunsen burner (or, better, a small gas or
petrol blow-lamp).

B. MAKING A PASTEUR PIPETTE

1. Use glass tubing 4—6 mm in diameter.

Using the file, mark off the required lengths
of tubing:

— 15cm for small pipettes

— 18-25 cm for large pipette:

Etch the mark right round the tube, forming a
circle.

2. Wrap the part to be broken in a cloth.
Hold the tube with both hands, one thumb on
either side of the etched mark.
Snap by pressing with your thumbs.

3. Round off the end of each piece of tubing as
follows:
— heat the end, holding the tube almost vertical
just above the blue flame of the burner
— keep turning slowly
~ stop when the glass becomes red hot,

o




4. Stand the tubes in a beaker or a can, heated ends

up, and leave to cool.

—Te

. Wash all the pieces of tubing prepared (following

the instructions given on page 30).
Rinse and dry. ‘

. Pulling the pipette is carried out as follows:

— heat the middle of the length of tubing
over the blue flame

— keep rotating until the glass becomes reddish.

At this moment the flame will turn yellow.

. Remove the tubing from the flame, still rotating

continuously, and pull the 2 ends apart slowly,
keeping your hands perfectly level. The glass
stretches.

Pull to the length required (10-20cm).

Leave to cool.

Cut off the drawn portion at the exact length
required. ‘

Round off the sharp edges by holding them for
a few seconds in the flame,

Alternatively, separate and seal the two pipettes
by heating the pulled-out portion in the flame.
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C. MAKING A STIRRING ROD

1. Use a solid glass rod about 5 mm in diameter.

Cut the rod into lengths of 15, 20 or 25cm
according to requirements, using a file. The
cutting technique is the same as for glass tubing.

2. Round off the ends by rotating them over the blue
flame of the burner, until about 1 cm of the rod
is bright red.

3. Flatten the heated end against the {dry) tiled
working surface with a 500 g or 1 kg weight.

4, Heat the other end and press it gently down on / ki /
the tiled surface,

' Glass rods can be used to decant liquids or to pour
- - them slowly.




D. BENDING GLASS TUBING

1. Heat the spot where the bend is to be made,
rotating the tubing over the flame until the glass
turns pale red and sags.

2. Bend slowly to make a right angle (follow the
corner of a tile).

Poor bends

(A) The glass was too hot.
(B) The glass was not hot enough.

E. MAKING A WASH BOTTLE

You need:

— around flask

— two pieces of glass tubing
~ acork or rubber stopper.

Pierce the stopper with a cork borer. Moisten the ends
of the tubing with a few drops of water (for cork) or
glycerol {for rubber) before inserting them in the
holes. Protect your hand with a cloth,




11. Specimen Containers

Different types of containers are used for the collection of specimens such as stools, blood, urine and sputum
in the laboratory.

I. CONTAINERS FOR STOOLS
See pages 114 and 268.

H. BOTTLES AND TUBES FOR COLLECTING BLOOD SPECIMENS

A. Without anticoagulant

— Use clean dry tubes of 5-20 ml capacity, depending on requirements.
— Draw off the serum following clotting and centrifuging (see page 285).
— If the serum is to be sent to another laboratory, sterilize tubes and bottles.

The best type of tube to use is one that can be centrifuged: this avoids excessive handling of the specimen.

G000

B. With anticoagulant
1. Anticoagulants for haematological tests
(a) EDTA dipotassium salt solution

Put 0.5 ml of the solution (reagent No. 18)in
each of a series of Sml bottles (or 0.2ml in

2ml bottles). Leave the open bottles to dry at
room temperature or place them in an incubator
at 37°C if one is available. Use for:

— blood cell counts

— haemoglobin estimation

— blood grouping.

(=0
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(b) Heparinized tubes

This anticoagulant is expensive and not very stable
in hot climates. Heparinized tubes are usually
obtainad commercially or prepared by central
laboratories and: are already marked to show the
level to which blood should be added.

{c) 3.8% trisodium citrate

Preparation: see reagent No. 54.

Used for the determination of the erythrocyte
sedimentation rate.

Use 1 ml trisodium citrate solution per 4 m| of
blood {or 0.4 mi per 1.6 mi blood).

Impartant: Never carry out a blood cell count on
citrated blood.

2. Anticoagulant for biochemical tests

The usual choice is:
— sodium fluoride (NaF).

Use 10 mg of fluoride powder per 10 ml blood, or
2mg per 2 mi-blood.

Used for: ;

— blood glucose estimation

— blood urea estimation (certain techniques).

Warning: Sodium fluoride is a poison.

3. Precautions to be taken when using anticoagulants
_ (a) Mix as soon as the blood is collected by inverting the bottle several times gently and evenly. Do not shake.

(b) Us}t,a clean bottles, Dry before adding anticoagulant. Warning: Traces of detergent will dissolve the red blood
cells.

(c) Store bottles containing anticoagulants in a dry place. EDTA dipotassium salt solution and sodium fluoride
are stable at room temperature but trisodium citrate and heparin must be kept in the refrigerator.

{d) Employ the correct proportions. Use bottles and tubes with a graduation mark, or stick on a label so that
its upper edge corresponds to the reguired amount of blood (2 mi, 5 ml, etc.).

1. BOTTLES FOR COLLECTING OTHER SPECIMENS

.. The most satisfactory procedure is for patients to pass urine specimens close to the laboratory.

- Useclean dry wide-mouthed Erlenmeyer flasks of 250 ml capacity or clean wide-mouthed bottles for direct
~examination and routine biochemical tests (see page 305).

~ Collection of water for bacteriological examination (see page 279).

- Bottles for collecting cerebrospinal fiuid (see page 350).
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IV. BOXES AND JARS FOR COLLECTING SPUTUM
SPECIMENS

Glass, screw-top jars or disposable plastic jars with lids
can be used, or small cartons can be made in the
laboratory using cardboard and a stapler. These cartons
can be used once only for sputum collected /n the
laboratory.

1. Cut out pieces of cardboard 18 cm square and fold
them as shown in the diagram:
— first from corner to corner
— then into 9 equai squares.

2. Fold the diagonal creases in each corner square
inwards.

3. Fold 2 of the corners back against one side, and the
other 2 against the other side.

4. Staple the 2 folded corners on each side of the box,
which is now ready to receive the specimen.

5. Burn these cartons and plastic jars after use, as
described on page 39.




12. Dispatch of Specimens
to a Reference Laboratory

The peripheral laboratory sends specimens to reference laboratories or more specialized laboratories for
examinations that cannot be carried out locally. For example:

— serological examinations for treponematoses or typhoid; culture of stools for detection of the cholera vibrio;
histological examination of biopsy material.

The following table shows, for each type of specimen and each examination:
— which container and preservative (where necessary) to use

— how much of the specimen to send

— how long the specimen will keep.

Laboratory Container and Amount of Preservation
examination preservative specimen time
Cuiture of 45-ml bottle with 25 ml 10 days
tubercle bacillus of 0.6% solution of
cetylpyridinium bromide
{see page 255)
Other organisms No preservative 2hours
THROAT Culture of Tube of coagulated serum 24 hours
SWABS diphtheria bacillus {see page 273)
Cotton wool swab 4 hours
Culture of Special bottle containing
meningococcus *Transgrow’’ medium (see
page 350) 4 days
or Stuart medium 24—48 hours
CSF in a sterile airtight
bottle sent in a vacuum
flask filled with water at
37°C 2mi 12 hours
Other organisms Sterile bottle 2ml 2 hours
Chemica! tests Sterile bottle 2-4 mi| "2 hours
{glucose, protein,
chioride, etc.)
URETHRAL Culture of See page 245
PUS gonococcus
Special bottle of 1 swab 4 days
“Transgrow’’ medium of pus
or Stuart medium 1 swab 24 hours
of pus
OTHER PUS Bacteriological
culture 1 sterile tube 1mi 2 hours
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Type of

Laboratory

*For bilirubin, store the specimen away from the light.

larvae and cysts

solution (reagent No.26)

Container and Amount of Preservation
specimen examination preservative specimen time
BLOOD Blood cell counts EDTA dipotassium salt 5mi 12 hours

solution {reagent No. 18)

Blood grouping EDTA dipotassium salt 5ml 12 hours
solution or tube without

anticoagulant

Cross-matching Tube without 5mi - 12 hours
anticoagulant

Prothrombin time 0.5 ml trisodium citrate 45ml 2 hours

{Quick’s test) (state the anticoagulant

used on the label)

Thrombotest Commercial plastic 4.5mil 24 hours
tubes containing 0.5mi

of 3.8% trisodium

citrate {reagent No. 54)

Seroiogical Steriie tube without 10ml 3 days
examination for anticoagulant
treponemes, Send serum or dried drops
salmonellae, etc. of blood as appropriate
{see pages 285'and 287)
Serological Send successive specimens
examination for of serum:
viral infections — blood taken at the
onset of the disease
— blood taken after 24
weeks (to detect
increase in antibodies)
Tests for glucose 5 mg sodium fluoride 5mi 2 hours
Other biochemical
tests:
bilirubin* Bottle without
cholesterol anticoagulant
serum iron lipids
prateins Send serum 10ml 48 hours
liver function
uraemia
Enzyme estimations:
amylase
phosphatases Bottle without 5mi 2 hours
transaminases anticoagulant
Blood culture Special sterile flask 5mi 24 hours
containing 50 ml broth

raised as quick!)y as

possible to 37 "C after

adding the specimen
STOOLS All stool cuitures Cary-Blair transport 4 weeks

including cholera medium (reagent No.14)

vibrio

All stool cultures Buffered glycerol saline 2 weeks
except cholera (reagent No.10)

vibrio

Examination for 30-ml bottle containing About 5ml Keeps almost
parasite eggs, 15 mi of 10% formaldehyde indefinitely




Type of Laboratory Container and Amount of Preservation
specimen examination preservative specimen time
STOOLS Amoebae: vegetative 10-mi tube thiomersal, Keeps almost
{cont.) forms iodine and formaldehyde indefinitely
: solution (reagent No.39)
or PVA (see pages 173
and 174)
URINE Biochemical tests: Clean dry bottle 20-50ml 2 hours
glucose, protein, (sealed) {depending
acetone, etc. on number
of tesis)
Urinary deposits Clean dry bottle 30ml 2 hours
or bottle containing
8 drops 10% formaldehyde
solution (reagent No.26) 30ml 2 days
Schistosome eggs For concentration: 100ml Keeps almost
2ml commercial bleach indefinitely
and 1 ml hydrochloric
acid
Bacteriological Sterile bottle 20 mi 1 hour
culture
Pregnancy test Sterile bottle 20 ml 12-24 hours
(first urine (or 4 days in
of day) refrigerator)
Hormone estimation Bottle containing preservative supplied by the biochemistry laboratory
with instructions regarding method of collection, amount needed and
transport time
Urinary calculus Clean dry bottle Keeps almost
indefinitely
BIOPSY Histological See page 75
TISSUE examination for details
FROM AN
ORGAN The following fixatives
are used: -
— formaldehyde saline
{reagent No.25)
— Zenker fixative
(reagent No. 61)
HAIR, Examination for Paper envelope or screw-capped bottle {do not At least a
NAILS, fungus use tubes with rubber stoppers or plugged with week (some-
CUTANEOQOUS (mycosis) cotton wool) times longer)
.| TISSVE
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PACKING.

Nasmusn mleanmin shan rame Anp:rfn

ﬂl‘w'a‘y'a OUseive wie lcgl.u tions in 1orce in
Double pack specimens.

Place the specimen in the bottle or tube and seal
hermetically (fixing the stopper with sticking-plaster).
Check that the hottle is labelled with the patient’s
name.,

Place the sealed bottle in an aluminium tube with a
screw cap. Wedge it in the tube with absorbent cotton
wool.

Wrap the request form around the metal tube.

it shouid show:

— the patient’s NAME (written in capital letters)
first name, sex and age

— the nature of the specimen

— the examinations required (with the physician’s
diagnosis, where appropriate).

Place the metal tube in a strong cardboard or wooden
box for dispatch. Wedge it tlghtly with non-absorbent
cotton wool.

Mark on the label on the outside of the box:
URGENT FRAGILE

and if appropriate:
INFECTIOUS MATERIAL




13. Fixation and Dispatch of Biopsy Material
for Pathological Examination

Biopsy
To diagnose certain diseases of the organs, the physician removes a piece of tissue with forceps or a special scalpel.
The piece of tissue is called a biopsy specimen. It is examined under the microscope after a thin section has been
cut and treated with a special stain.

Histology — pathology

The celis of tissue and organ biopsy specimens can be studied under the microscope. Microscopical examination
of the cells is called histopathology.

Pathology is the study of the changes and deformities in the cells caused by various diseases. This type of
examination can be most important, particularly for the diagnosis of cancer.

The laboratory technician must be able to fix the biopsy specimen, to ensure that it is properly dispatched and
arrives at the pathology laboratory in a good state of preservation,

A. FIXATION OF BIOPSY SPECIMENS

The piece of tissue is immersed in a fixative fluid. This procedure should preserve the tissue in a state as close to
the living state as possible, by protecting it against bacterial action, autolysis, shrinkage, etc.

The most suitable type of specimen bottle used is a plastic-capped bottle with a wide mouth (pillbottle). It is
obtainable in 60ml, 45mi, 30 ml and 15 ml sizes.

Fixatives

The most simple to prepare are:

— Formaldehyde saline (reagent No. 25)

— Zenker fixative (reagent No. 61). Just before use, add 5 ml glacial acetic acid to every 100 ml of Zenker
solution.

B. FIXATION TECHNIQUE

1. Amount of fixative

The volume of fixative required is about 50 times
the volume of the biopsy tissue, Biopsy tissue is
normally 3-5 mm thick (if it is thicker, fixation
is difficult or impaossible).

The area of the specimen, however, can vary and this
is what determines the amount of fixative to be used.

Amount of fixative:

— specimen05x05cm: 6-10ml
— specinfen 0.5x 1 cm: 10-15ml
— specimen 1 x 1 cm: 20-25ml ()
— specimen 2 x 1 cm: 30-40ml
—.-specimen. 2 x 2 cm: 90ml,
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. Preparation

N
It is essential to act quickly on receipt of the biopsy
specimen. Never leave it until later.
First pour the fixative into the bottle.
Then pick up the biopsy specimen on a piece of
stiff paper (do not use forceps, which may damage
the tissue).
Drop the specimen into the bottle.

. Labelling

Cut out a small rectangle (about 3 x 1 cm) of stiff
paper. Using a /ead pencil, write on it the name of
the patient, the date of collection, etc. Place the
slip of paper in the bottle with the fixative.

. Fixation time

This will vary according to the fixative used. With
the two fixatives mentioned above, 24 to 48 hours
may pass before the specimen is cut and stained,
but it can be left in the liquid for at least a week.
Fixed material should be dispatched to tha
pathology laboratory without delay, but a long
transit period will not result in the deterioration
of specimens.

. Dispatch

Secure the cap or stopper of the bottle with
adhesive plaster.

Place the bottle in a metal tube or box, together
with the report form (name, date, disease suspected,
type of tissue sent, investigation requested).

Then place the tube or box and report in a small
wooden or cardboard box, pack well with non-
absorbent cotton wool and dispatch immediately.




C. HISTOLOGICAL EXAMINATION TECHNIQUE:
GENERAL OUTLINE

\. Fixation of specimen : described on page 75

2. Embedding the tissue

After being treated with various substances to
dehydrate and clarify it, the piece of tissue is
embedded in a solid block of paraffin wax.

3. Cutting

The block in which the tissue is embedded is
sticed into sections thin enough to permit
examination under the microscope.

The instrument used to cut the sections is called
a “microtome’” and is capable of cutting the very
thin sections needed.

The average thickness of the sections is 3—5 um
{micrometres).

4. Staining

The sections are placed on slides and dried and
the Laraffin wax is removed with a solvent {e.g.
~+iene), Then the sections are dehydrated and
::ai-:ed. There are various kinds of stain; the

&t oyist makes his choice depending on the
nav .2 of the specimen and the disease suspected.

'6. Alternative procedure: frozen sections

For rapid diagnosis the tissue is treated with
a freezing microtome using liquid gas, which
freezes the fresh unfixed specimen and cuts
sections at the:same time. This procedure is
used during surgical operations,

" Dispatch of an organ or tumour
Tha same fixatives are used. Immerse the organ or tumour completely in a large bottle filled with fixative.
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14. Registration of Specimens;
Laboratory Records and Monthly Reports -

All specimens must be registered and given numbers when they arrive at the laboratory, and the results of all
investigations must be recorded. This will:

— avoid the risk of getting the specimens mixed up

— make it possible to look up a result

— make the results available for the promotion of public health.

The laboratory should have:

— examination request forms that accompany the specimen

— a-register for recording details concerning the specimen and the resuits obtained
— monthly report forms.

A. NUMBERING THE SPECIMENS

Give each specimen a number as soon as it is received
Write this number immediately:

— on the request form

— on the specimen container (use grease pencil)

— on every test-tube used for the specimen

— on every microscope slide used for the specimen,

This will prevent any mistakes.

B. THE LABORATORY REGISTERS

The registers should be a series of notebooks with numbered pages and with strong hard covers. Each specimen
should be numbered and recorded in the register for that type if specimen.

The following series of registers are suggested:

Haematology

Blood chemistry

Blood transfusion

Blood donors

Parasitology

Urine analysis, CSF, pregnancy tests

Bacteriology, mycology, water analysis

Serology (if the samples are few incorporate in the bacteriology register, otherwise keep a separate book).

- The examples of these registers given on the following pages should be modified according to requirements. It
may be necessary, for instance, to have separate registers for urine analysis, CSF, and pregnancy tests.

It is both helpful and time-saving to have rubber stamps made for the more common tests and results. Examples:
For VDRL: NON-REACTIVE
For parasitology: NO. OF OVA OR PARASITES SEEN

For bacteriology: NO. OF LEUKOCYTES

NO. OF ERYTHROCYTES _—
NO. OF EPITHELIAL CELLS

NO. AND TYPE OF ORGANISMS




HAEMATOLOGY REGISTER®

Dets | No. Patient | Sentby | Hb* Erythrocytes Mesn ery, Lsukocytes Malaria Other tests Results
(oM Hb conc. sent
Vol, | Sed. No.conc. | Morphalogy | Retic. tene No. conc. Type number fraction {date)
fract, | rate {x 10"'3/1) no. ix 10°/1)
{tmmm) fract.t Neut.| Lymph,| Mono. | Eo. | Other
{x 1073
tdan.| 1 MW...R| DrR. 117 | - 23 - Aniso ++ 124 - 4.2 048 | 035 0.13 0.04 Many P, falci- 1 Jan,
Poik + parum trophs
Poly ++
1dan.| 2 KA ...S| OPD 58 | 0.21 52 - Aniso ++ n 276 6.7 032 | 0.56 0.04 0.08 Moderate no. of 1 Jan.
Poik ++ P. falciparum
Hypo ++ trophs
Poly +
tdan.{ 3 Kl ...A] Ward 1 126 | - - - - - - - - - - - 1 Jan.

BLOGD CHEMISTRY REGISTER

* For explanation of the column headings, see the relevant sections of the text.
be used in practice,
# Haemoglobin may also be reported in terms of substance concentration: the
respectively, . .
b Reticulocytes are here reparted in terms of number fraction. They may also be reported in terms of number concentration, i.e. the number per litre. In this case the column heading would read "reticulocyte number
concentration (x 10°/1)* and the values would depend on the erythrocyte number concentrations {which are not reported in the examples given in the table).

€ Mean erythrocyte haemoglobin cancentration may also be reported in terms of substance concentration: the column heading would then be “Mean ery. Hb{Fe) conc. {mmal/l)”. In this case, the example quoted
{no. 2) would have a vatue of 17.1.

! heading

The use of abhreviations in these headings is necessitated by limitations of space and is not to be taken as a recommendation that they

(d then be “Hb{Fe) (mmol/l)*. In this case, the values quoted in the examples (no. 1 and 2} would be 7.3 and 3.6,

Date No. Patient Sent by Urea Glucose Other tests Results sent
(mmol/l) {(mmoiA) (date)

1 Jan. 1 KI ... Ward 1 128 - 1 Jan.

1 Jan. 2 MW...A Dr G. - 53 1 Jan.
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BLOOD TRANSFUSION REGISTER

Date Number Patient’s Sent by Patient’s blood group Group
name ABO

Anti- Anti- Anti- Anti- A B 0 Rhesus
A B AB D cells cells cells

1 January 1 CH ...P Ward 6 + - + + - + - A Pos

1 January 2 MW_ . A Ward 3 - + + + + - — B Pos

1 January 3 Kl ...T Ward 2 - - - + + + - O Pos

1 January 4 St ...P Ward 6 + + + + - - - AB Pos |

URINE ANALYSIS REGISTER

Date Number Patient’s - Sent by Relative pH Direct Examination

name density
1 January 1 MO...C DrR 1.008 7.0 Leuko 20—30/HPF Few hyaline casts L
1 January 2 LA ...B Med. Ward 2 1.012 6.8 Leuko 5—10/HPF Few epish. cells

CSF EXAMINATION (in urine analysis register or separate)

Date Number Patient’s Sent by Macroscopic Direct Microscopic Examination
name appearance
2 January 1 FE... W DrG Cloudy Gram: many leukocytes

A few Gram-neg. intracellular diplococci

17 January 2 -LE...E DrC Clear -




Group of Donor Amount Crossmatch Haemolysin test Signature
donor bottle cross- for GPQ donors
number matched Auto Auto :
Saline Albumin Saline Albumin 7
APos 5 540ml - - - -
B Pbs 9 250 mi - - - -
O Pos 4 540 ml - - - -
Anti A — No haemolysis
O Pos 7 540ml | - - - - Anti B — No haemolysis
Glucose Protein Bile Urobilinogen Ketones Chemical Others (pregnancy Results
sugar pigments test for teit, etc.) sent
blood (date)
Neg Neg - - - - - 1 Jan.
++4 Neg - - + - Positive 1 Jan.
Leukocytes Glucose Total Pandy test Others Results
{x 10°1) (sugar) protein for globulin sent
mmol/l (date)
30 15 045 + Neutrophils 0.94, lymphs 0.06 2 Jan.
4 33 0.25 Neg - 17 Jan.

81




BLOOD DONOR BOOK (small ruled exercise book)

Date Name of donor Blood Haemoglobin Donor
group {g/l) number
1Janvary DO...M A Pos 141 1
2 January LO...F A Pos 132 2
2 January FE ... W B Pos 129 3
4 January CH...A O Pos 133 4
BACTERIOLOGY REGISTER
Date Number Patient’s Sent by Specimen Examination Results Results
name requested sent
{date)
1 January 1 AL ...J DrR Sputum Smear for TB No acid-fast bacilli 1 Jan.
1 January 2 RE ... A Med. Ward 2 Pus from Gram stain Many leukocytes, few | 1 Jan.
wound eryth., few epithelial
cells, mod. no. Gram-
neg. rods
1 January 3 TO ...L OoPD Urethral Gram stain Mod. no. intracellular | 1 Jan.
DrM pus Gram-neg. diplococci
seen; G.C.—positive
2 January 4 Well on Sanitarian Water Bacteriol. Sent to Regional 2 Jan.
3rd Street RB Public Health
Laboratory
2 January 5 AM .. .C DrB Sputum Smear for TB No acid-fast bacilli 2 Jan.
seen
3 January 6 LA ...R Med. Ward 1 CSF Gram stain Occ. leuko, no eryth, | 3 Jan.
seen; occ. epithelial;
no organisms seen




PARASITOLOGY REGISTER

Date Number Patient’s Sent by Specimen Examination Results Results
name requested sent
{date)
1 January 1 CR...M Dr A Stool Parasites Direct: Mod. no. 1 Jan.
Ascaris lumbricoides
ova seen
1 January 2 RA...B DrC Stool Parasites Direct: No ova or 1 Jan.
parasites seen. Conc:
No ova or parasites seen
2 January 3 NE ... L Med.Ward 1 Skin Oncho No parasites seen 2 Jan.
2 January 4 MO...T DrR Stool Parasites Occult blood: positive 2 Jan.
Many trophs. of E. hist-
olytica seen. A few hook-
worm ova seen
SEROLOGY REGISTER
Date Number Patient’s Sent by Specimen Examination Results Results
name requested sent
{date)
1 January 1 LA ...P Prenatal clinic Blood VDRL Non-reactive 1 Jan,
1 January 2 RO...M Prena>tal clinic Blood VDRL Non-reactive 1 Jan.
1 January 3 ME ...R Prenatal clinic Blood VDRL Non-reactive 1 Jan.
1 January 4 LE ... T Prenatal clinic Blood VDRL Non-reactive 1 Jan.
1 January 5 Bi ...N DrM Biood VDRL Reactive, 1:8 1 Jan,
1 January 6 ST ...C DriL Blood VDRL Non-reactive 1 Jan.
1 January 7 HA ...J OPD,Dr A Blood VDRL Non-reactive 1 Jan.
4 January 8 MA...S Prenatal clinic Blood VDRL Non-reactive 4 Jan,
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C. THE MONTHLY REPORT

At the end of every month the laboratory should submit a monthly report to the director of laboratory services at
the central level or, if there is none, to the department of public health at both the provincial and the central level.

Value of the report:

{a) 1t helps to keep a check on the laboratory’s activities and is useful for adequate staffing, for the ordering of
supplies by the central stores, and for the preparation of the budget for laboratory services at the national
level. Reports based on the number of tests done are the most suitable for laboratory management.

(b) Itis an aid in public health surveillance of the area covered by the laboratory since it reports the number of
positive results obtained for various communicable diseases.

An example of a monthly report is given below.

LABORATORY . .. . it ittt it tea i saetanssaanasessenseenenanennns
MONTH ENDING ... .. ittt it tietnteetiaeaesnesoeeeseneennnanannnn
LABORATORY
1. Number of examinations carried out
Haematology —general ... ... ... ... .ttt iiiitiienienteocennensoranennnnan 1235
Blood Chemistry . . .. .. ittt ittt ittt ettt et 27
Blooddonors . . .. ... . it ittt ittt ettt e 34
Blood transfusion ServiCe . . ... ... .. .. ... ittt it ittt et et 38
Urine analysis:
direCt eXamination . ... .. iu i ittt ittt et e e e e 287
chemistry ..........cc0v0unn e e ettt ittt e 43
Pregnancy teSIS . . .. ... it iataiaraa e et a e 17
CSF:
direct examination ........ ettt et ettt et e et e 3
LT 1T (N 3
Parasitology:
SHOOMS . ... ittt e it e ettt et e e et e e 162
Dlood . .. i i it i e ettt et e e e e e 802
- 2 (lymph glands for
trypanosomes}
Bacteriology:
A SAINS . . vt ittt ittt ittt s et et e, 63
R 1 41
WaYSOn StaINS . . oottt ittt i i e i it et et e e 1
MYCOIOGY & . v it ittt it ettt e h e e a et et et e e 3
Serology:
) VDRL:gualitative ... ........ .. 0ttt ernennoeenenerononncnenanens 114
QUANTITATIVE . . . .. i ittt ittt ittt it et et 16
2. Number of specimens sent to specialized laboratories
Water for bacteriological analysis . . .. . ... ... ...ttt i ettt 8
Specimens for bacteriological culture . . ... ... .. ... ittt i ettt et e 32
Seraforserology ......... et e ettt et e e e e et e 0
TisSUe DIOPSIES . . . o v vttt it it e e e n e e e et e e e e 2
L0 0
COMMUNICABLE DISEASES RECORD* No. of Positives
1. Bacteriological
LT T (T 11
ODrOSY - i ittt ittt it n e et et ettt e 0
Plague ... ... ittt e ettt 4]
TUDBICUIOSIS . . . ... .ttt ittt e et et e et e e 7
2. Parasitological
AMOEDIASIS . .. ... .t it i i e et et e 14
Ascariasis ..........c0c00nun.n. et e e et et et e e s 22
L1 T3 1
HoOKWOIm ... i i i i e et et e e 80
T 253
ONCHOCRICIASIS « o v v v v v v v v n v v et os s ane oo asensaonneennesoronerononrenennnes 0
Schistosomiasis .......... e et e b e et a e e e e 2 .

* The list of notifiable diseases varies from country to country. It is established by the central public health authority
in the light of:

{a) international regulations on reporting communicable diseases
(b) diseases prevalent in the area.




1s. Storage, lnventory, Orderlng | subplies

A. STORAGE

1. Glassware

Keep glassware on the shelves of a cupboard away
from dust. Erlenmeyer and round flasks should be
plugged with non-absorbent cotton wool or covered
with brown paper (or preferably with thin sheeting
of paraffin wax or clinging plastic such as Parafilm
or Saran, if available) and arranged by type and size.
Graduated pipettes should be kept in drawers
divided into sections.

2. Chemicals and reagents
These should be arranged in strict alphabetical order, as indicated on-page 465.

Acids and inflammable and dangerous chemicals (indicated by appropriately coloured labels) should be stored
separately in a special section. Unopened stocks can be kept in crates filled with sawdust.

Poisons (also indicated by appropriately coloured labels) shculd be stored separately in a locked cupboard.

’ 3. Heavy equipment

Some instruments, e.g. spectrophotometers, can be kept in an air-conditioned room if the climate is hot and
humid. For storage of microscopes, pages 24 and 25.

1. Stock cards

B. STOREKEEPING AND INVENTORY

A stock card should be prepared for every chemical, stain, piece of glassware, etc.
Here is a sample stock card:

: STOCK CARD
Ilem Giemsa stain {250 mi bottle) ftem No. 24
ORDERED FROM ORCERED RECEIVED ISSUED INSTOCK
Date Quantity Date Quantity Date Quantity
2 bottles
1 May . 2 bottles 20 May 1 bottle 3 bottles
10 July 1 bottie 2 bottles
3 Sept. 1 bottle 1 bottle
15 June 2 bottles 10 Sept. 2 bottles 3 bottles
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When you order an item, indicate:-

— in the column headed “‘Ordered from”  — ~ where ‘you sent the order

— in the column headed “Ordered”’ - the date and the quantity ordered.

When you receive an item, indicate: ’

— in the column headed “’Received’’ - the date of receipt and the quantity received

— in the column headed “’In stock"’ - the total in stock in the laboratory after the item has been
received.

When an item has been used up (or broken), indicate:
— in the column headed *‘Issued’’ - the date of issue and the amount issued
— in the column headed ‘’In stock"’ - the total left in stock after the item has been issued.

Classify the stock cards in strictly alphabetical order and keep them in a box or filing drawer. Eacti item can be
given a number, which is then entered in the stock card after the heading “’ltem No.".

2. Inventory

Make an inventory of all laboratory supplies every 6 months, Count the quantity or number of each item in
stock and check that the figure corresponds to the one shown in the “/In stock’’ column of the stock card.

C. ORDERING SUPPLIES
A well organized laboratory should submit an order to the central supply stores every 3 months. To draw up the
order, check the stock cards one by ane,

It makes it easier to estimate the quantities required if a table such as the following is added to the bottom of
each stock card.

QUANTITY USED Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
PER MONTH :

19...
19...

19...

In the case of chemicals, stains and reagents, order the quantity used in a 3-month period, taking into account any
recent increase or decrease in the amount used. For example:

-8 botties of Giemsa stain have been used in a year
— This gives an average of 2 bottles used every 3 months
— Order 2 bottles every 3 months (or 4 bottles every 6 months if orders are submitted twice a year).

Expiration dates
Some reagents (blood grouping antisera, VDRL and other antigens, etc.) have to be used before a certain date.
-Make a note of the expiration date on the stock card,




16. Electricity: Setting up
Simple Electrical Equipment

A mains eiectricity supply is not essential in a peripheral laboratory; almost all the techniques described in this
manual can be carried out without electricity from the mains by using battery-operated or gas-operated equipment.
If the laboratory does have an electricity supply, however, the following valuable equipment can be used:

an electric lamp for the microscope (stable illumination makes adjustment easier)

an electric centrifuge (much faster than the manually operated type)

a microhaematocrit centrifuge (rapid detection of anaemia)

a spectrophotometer or colorimeter (much more accurate estimation of haemoglobin)
an electric sterilizer, water bath

etc.

You may have to make simple connexions or repairs in the laboratory. The explanations given below are intended
to help the laboratory technician to do this and are limited to the steps to follow in each case. It is recommended
that inexperienced persons start by carrying out the procedures in the presence of an instructor.

NOTE: In many countries the electrical equipment will be different from that described here, which has been
chosen as an example to illustrate the basic principles.

THE ELECTRICITY METER

This measures and records the amount of electricity
used. It indicates:

Some types of meter have:

the voltage — measured in volits (220 V, 110 V, etc.)
the current strength — measured in amperes (A)

the frequency of the current, e.g. 50 hertz (Hz)
(cycles per second).

a red button marked ““OFF"’, or a flip-switch;
when the button is pushed or the switch flipped,
the electricity supply to the whote building is
cut off (the mains fuse)

a green button; when it is pushed or the switch
flipped back the other way, the electricity supply
is restored.

The "“OFF* button or flip-switch may act as a circuit-breaker, automatically cutting off the current when the
circuit is overloaded. When this happens, press the green button or flip the switch to restore the current after
~-ascertaining and correcting the fault that caused the cut-off.
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A. SETTING UP A NEW PIECE OF EQUIPMENT

1. Voltage

Check that the voltage marked on the instrument
is the same as that of your electricity supply. The
instrument has a place on it showing the voltage
with which it must be used. The voltage of your
electricity supply is marked on the meter.

2. Dual voltage equipment

Some instruments can be used with 2 different voltages: these are dual voltage instruments. v
There is a device on the instrument that enables you to select the appropriate voltage, i.e., the voltage marked

on your electricity meter.

Depending on the instrument, this device may be: 4

{a} a lever that can be moved to the 110 V position or
the 220 V. position, etc.

(b) an unwired plug that can be transferred from the
110V position to the 220 V position, etc.

{c) ascrew that can be turned to the 110V position or
the 220V position, etc.

LI o
110 - 120.] 220 - 2404

]

{@__") C)

S >

3. The wattage of the instrument

This is measured in watts (W) and is marked on the plate that shows the correct voltage for the instrument.
Each piece of electrical equipment in the laboratory uses a certain amount of power. The total must not
exceed the power of your electricity suppiy. The latter can be worked out from the figures shown on the

meter: multiply the voltage (V) by the current strength (A). For example:

— voltage: 220V
— current strength: 30 A

— wattage of the electricity supply: 220 x 30 = 6600 watts




4.

If the instrument provided is intended for use with a voltage different from that of the laboratory circuit,

Using a transformer

it can be used with a transformer. For exampile:

the centrifuge provided only works at 110V
the voltage of your electricity supply is 220V
ask for a 110V — 220V transformer, indicating the wattage of the centrifuge

plug the centrifuge into the 110V connexion
of the transformer supplied

plug the 220 V lead from the transformer into
the electricity supply (wall socket).

Switching off electrical equipment

After an instrument has been switched off, it must be unplugged from the wall socket. If left plugged in, it

can cause a fire.

WHAT TO DO IN CASE OF ELECTRICITY
FAILURE

If an instrument does not work, check the following:

SRWN =

the fuses

the plug at the end of the cable

the cable

the wall socket

the voltage of the instrument and that of the
circuit.

Useful tools

U I

a screwdriver

wire-cutters

flat-nose or taper-nose pl;ers

fuse wire

various spare parts: plugs, switches, etc,

/7 A
O
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BEFORE DOING ANYTHING

Cut off the current:

— either by pressing the button or switch marked
“OFF" on the meter

— or by removing the mains fuse.

1. Changing a fuse

Remove the cover from the fuse-box.

If it is a screw-type fuse, the fuse wire is stretched
between 2 screws. If the wire is broken or melted,
the current no longer passes: the fuse has blown.
Loosen the 2 screws. Remove the old fuse wire.

Replace it with new fuse wire of the same gauge (thickness), or with thinner wire if the same size is not
available. Fix the wire in an “S’’ shape, with a loop at either end. If the fuse is of the screw-type (see diagram
above), the wire must pass beneath the little washers under the screws.

if it is a two-pin fuse, fix the fuse wire to the base
of the pins, and then tighten the pins with pliers.

Once the fuse has been repaired, check the whole i
circuit before switching on the electric current.




2. The plug

If a fault is suspected in the plug at the end of the
cable, the plug must be taken apart.

There are many different types of plug. Some have
a screw on the outside that can be unscrewed.

Inside the plug, the 2 wires of the cable are fixed
to the terminals (T) of the contact pins (P). Check
that the terminal screws are tightened. Sometimes
this is all that is needed to repair the plug.

To fit a new plug, remove the insulating material
for a length of 1-1.5cm from each of the 2 wires
making up the cable. This can be done by scraping
with a knife but take care not to damage the wire
inside.

. Twist the exposed ends of both wires to give
a smooth core that will fit neatly into the
terminal when the screw has been loosened.

- Insert each exposed end into one of the terminals
of the plug. Tighten the terminal screws and replace
. the terminals. They should hold the wires firmly;
- check by pulling the wires gently.
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Three-pin plugs

Two of the pins are connected to the electric current;
one is /ive and one is neutral. The third (usually the
middle) pin is connected to the ground. It is most
important to connect each of the three wires in the
cable to the correct pin, and the plug usually contains
instructions that should be strictly followed. If there
is the slightest doubt, consult an electrician.

The ground wire is covered in green or green and yellow insulating material (G). 1t provides an escape for the
electric current in case of poor insulation, thus avoiding passage of the current through the human body.

3. The cable (lead)

I the cable is burned or broken, ask an electrician to make the connexion in accordance with the safety
regulations in force,

(a) Switches

There are many different types of switch.
They have to be unscrewed and opened if you
want to check that they are working properly.
Make sure that the two incoming wires and
the two outgoing wires are firmly fixed in
their respective terminals by screws, 1, 2, 3
and 4.

(b) Extension lead Q

—
An extension lead is a cable with a male plug ST
(M) on 19nefend and a female plug ('I:g on the (’F:—"”’/ -
other. The female plug is fixed to the cable by _ == ’f
two terminals inside the plug, just like the e e F &

normal male plug.

4. Wall sockets

To check a wall socket, plug in a lamp in good working order. Some sockets are fitted with a small
replaceable fuse. If this is not the case, it is usually wise to call in an electrician to repair a wall socket.
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C. SETTING UP A LAMP FOR THE MICROSCOPE

If vou have a microscope with a mirror, a lamp can be
made to provide illumination. A porcelain holder for

a light bulb is tixed on a wooden base and the whole is
encased in a woode: or tin box with an opening for the
light. Cut slits in the top of the box to enable the bulb
ta cool.

Alternatively, a flap can be fitted above the opening
to serve as a shutter. Use an opaque electric bulb of
the “‘daylight”” type (blue-white}:

— 60 watts for a monocular microscope

— 100 watts for a binocular microscope,

SOME THINGS NOT TO DO

1. Never take electrical equipment apart without first cutting off the current.
2. Never touch electrical equipment with wet hands (water is a good conductor of electricity).

3. Never plug a new piece of equipment into the electricity supply without first checking the plate to see
whether the voltage marked is the same as that of the laboratory circuit (110V, 220V, etc.).

4. Never remove a plug from a socket by pulling the cable.
Never replace melted fuse wire by wire that is thicker.
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17. Plumbing: Simple Procedures

A fault in the plumbing of the laboratory (a dripping tap, a blocked sink, etc.) can hamper laboratory work
considerably. Some simpie procedures to remedy the situation are described below, in case a plumber is not
readily available.

. MATERIALS

An adjustable wrench

A pipe wrench

A set of screwdrivers

A bottle brush

Rubber washers for taps

Rubber stoppers such as those used in penicillin
botties

— Plunger for clearing choked pipes

— Tow and jointing compaund, if available.

Important: Before starting any plumbing operation, cut off the water at the mains.

>

B. TAPS

Components of a tap

A tap is made up of two parts:

— the body B, through which the water flows

— the head H, which controls the flow of water by
means of a rubber washer W.

Between the head and the body, there is a joint {J) of

rubber or tow.

1. [f the tap continues to flow when turned off
— the washer needs to be replaced.

{(a) Unscrew the head of the tap using an adjustable
wrench (turn in a counterclockwise direction!.

(b) Remove the worn washer from the base of the
head (B). If the washer is embedded, pull it
out, If it is screwed on, unscrew it.

(c) Replace it with a new washer of the same type.




(d) If the tap continues to leak after the washer

has been replaced, the seating {S) that receives

the washer is probably faulty. In this case
place a rubber stopper in the hole. This wil!
act as a temporary seal until a plumber can
be cailed in.

2.

If water leaks out of the head of the tap
— the joint needs to be replaced.

{a) Unscrew the head of the tap using an
adjustable wrench.

{b) Replace the joint with a new one »of the
same type.

If the joint is made of tow:

(a) Remove the old joint, scraping the screw
thread with a pointed knife.

{b} Wind new tow around the screw thread,
starting at the top and winding in a
clockwise direction.

{c) Smear jointing compnund over the tow.

{d) Replace the head of the tap on the body and
screw down as far as it will go. )

Replacing the whole tap

_Unscrew the faulty tap, using a pipe wrench (turn
in a counterclockwise direction).

Take the new tap; the body ends in a large screw
{S). Wind tow around the thread and smear with
jointing compound as described above.

Screw the new tap into the water pipe in the wall
in place of the old one.

- Tighten with the wrench.
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C. SINK TRAPS

Components of a sink trap

The sink trap consists of:

— the body, fixed to the sink outflow by a joint J1

— the swan neck of the U-shaped trap, fixed to the
body by joint J2.

The whole is attached to the waste pipe by joint J3.
The waste water flows into the trap, which is
permanently filled with water (the seal). This prevents
foul air from the waste pipes and sewers from coming
up into the sink.

Sink traps may become blocked so that waste water
from the sink or basin cannot drain away.

Unblocking with a plunger

Place the plunger over the waste pipe. Let a little
water flow around it to help it stick. Press down on
the wooden handie to flatten the plunger. Pull it up
and then push it down hard again. Repeat this
procedure several times, as fast as you can. The
suctionkcaused may break up whatever is blocking
the sink,

Unblocking with chemicals

Use a commercial product intended for the
purpose. If this is not available, use 250 g of
sodium hydroxide pellets. Put them in the
bottom of the sink or basin, over the waste pipe.

Pour two litres of boiling water on to the
pellets (avoid splashing).

Leave to act for 5 minutes.
Rinse thoroughly with col water from the tap.

Unblocking by emptying the sink trap

Place a bucket beneath the trap. Unscrew joint J2
using the adjustable spanner. Clean the trap with
a2 bottle brush or piece of wire, Clear away all
waste material.

{f there is a white deposit {limestone) in the trap,
take it apart completely. Heat the components in
diluted acetic :.cid (20 m! acid per litre of water).
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if the trap is leaking

If foul smells come up through the waste pipe of
the sink, the permanent reservoir of water (the
seal) at the bottom of the trap must have leaked
because of a fault in joint J2. Screw the joint down
tightly, or replace it with a new one.

Important: Never pour strong acids down a sink.
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18. First Aid in Laboratory Accidents

ACCIDENTS IN THE LABORATORY

Accidents in the medical lzboratory may be caused by:
1. Acids

or
2. Alkalis
— splashes on the skin
— splashes in the eye
— swallowing.

3. Toxic substances

4, Heat

— open flames
hot liquids
inflammable liquids
explosions.

5. Broken glass

In addition to the above, there may be injuries involving infected material, bodily damage by electric
shock, etc.

Useful first aid equipment

— 5% aqueous sodium carbonate
— 2% aqueous sodium bicarbonate (in an eyedrop bottle)
— 5% acetic acid

— Saturated solution of boric acid (in an eyedrop bottle)
-+ Soap powder solution: 5 g per litre of water

— Cotton wool and gauze

— Merbromin {Mercurochrome) and tincture of iodine.

These items should be readily available in the laboratory. They must not be kept in a locked cupboard.

Acid burns

(Nitric, sulfuric, hydrochloric and trichloroacetic acids)

In all cases: Wash immediately with large quantities of water.
1. Acid splashes on the skin

{a) Wash thoroughly and repeatedly with water.
(b) Bathe the affected skin with cotton vool soaked in 5% agueous sodium carbonate.

2. Acid splashes in the eye

(a) Wash the eye immediately with large quantities
of water sprayed from a wash bottle {or rubber
buib); squirt the water into the corner of the
eye near the nose.




Alternatively, hold the eye under the running tap.

(b) After washing, put 4 drops of 2% aqueous
sodium bicarbonate into the eye.

(c) Refer the patient to a physician. Continue to
apply bicarbonate solution to the eye pending
the physician’s arrival.

3. Swallowing acids
" Accidental swallowing while using a pipette:

{(a) Call a physician.

{b) Make the patient drink some 5% soap solution immediately (alternatively, give him 2 whites of egg mixed
with 500 mi of water or milk). if neither of these is available, he shouid drink ordinary water.

{c) Make him gargle with the soap solution.

{d) Give him 3 or 4 glasses of ordinary water.

(e) If the lips and tongue are burned by the acid:
— rinse thoroughly with water
~ bathe with 2% aqueous sodium bicarbonate.

Alkali burns
(Sodium, potassium and ammonium hydroxide)

In all cases: Wash immediately with large quantities of water.,
Impartant: Alkali burns are as serious as, and often more serious than, acid burns.

1. Alkali splashes on the skin

(a) Wash thoroughly and repeatediy with water.
(b) Bathe the atfected skin with cotton soaked in 5% acetic acid (cr undiluted vinegar).

2. Alkali splashes in the eye

(a) Wash immediately with large quantities of water sprayed from a wash bottle (or rubber bulb); squirt the
water into the corner of the eye near the nose.

(b) After washing with water, wash the eye with a saturated solution of boric acid (apply drops repeatedly).

{c) Refer the patient to a physician at once.

3. Swallowing alkalis
Accidental swallowing while using a pipette:

{(a) Send for a physician.
{b) Make the patient drink at once:
—~ a 5% solution of acetic acid (or lemon juice, or dilute vinegar: 1 part vinegar to 3 parts water).
{c) Make him gargle with the same acid solution.
{d) Give him 3 or 4 glasses of ordinary water.
{e) If the lips and tongue are burned by the alkali:
— rinse thoroughly with water
— bathe with 5% acetic acid.
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Poisoning
This can be caused by:

—~ inhaling toxic vapours or gases (e.g. chloroform)
— accidental swallowing while pipetting a poisonous solution.

In all cases:
ta) Send for a physician or qualified nurse, specifying the toxic substance involved.
(b) Place the victim in the open air while waiting for the physician.

Burns caused by heat
These fall into two categories:

1. Severe burns affecting large areas of skin (e.g. burns caused when burning ether or boiling water is spilled over
the victim).
2. Minor burns affecting a small area of skin (e.g. burns caused by hot glassware or a Bunsen flame).

1. Severe burns

{a) If the victim is on fire (e.g. splashed with burning ether or other inflammable solvent), roll him in a blanket
or overall to smother the flames.

{b) Inform the physician on duty at the casualty department immediately, specifying that a patient with severe
burns will have to be moved.

{c) Lay the victim on the ground. Do not remove his clothing. Cover him if he is cold.

(d) Do not apply any treatment to the burns: this must be left to the physician.

2. Minor burns

(a) Plunge the affected part into cold water or ice-water to scothe the pain.

(b) Apply merbromin (or tincture of iodine) to the burn.

(c) Apply a dry gauze dressing loosely.

{d) !f the burn becomes infected or does not heal, refer the patient to a physician.
Never tear off the blisters that form over burns,

Injuries caused by broken glass
1. Clean glass

(a) Disinfect the skin in the normal way (using merbromin, tincture of iodine, etc.).

(b) Cover with an adhesive dressing {ready-made type).

(c) !f the cut bieeds profusely, stop the bleeding by pressing down on it with a compress. Refer the patient
to the casualty department.

(d) If the cut bleeds heavily with the blood spurting out at intervals, try to stop the bleeding with a compress
and call a physician or qualified nurse.

(e) Continue to press on the wound while awaiting the physician’s or nurse’s arrival. (He or she will decide
whether a tourniquet should be applied.)

2. Glass containing infected material

Glassware containing stools, pus, bacterial cultures, etc.:

(a) Check whether the cut is bleeding; if not, squeeze hard to make it bleed for several minutes.

(b) Bathe the whole area (the edges of the cut and inside the cut) with tincture of iodine or a surgical
antiseptic.

(c) Wash thoroughly with scapy water.

(d) Bathe again with tincture of iodine.

(e} Refer tht)a victim to the physician if the material involved is known to be very infective (bacterial cultures,
pus, etc.).




Bodily damage by electric shock

A low-voltage alternating electric current (120 or 220 V) is usually used in the laboratory and electric shocks are

rare. They may occur when faulty equipment is being handled, particularly with wet hands. The symptoms are
fainting and asphyxia.

(a) Before doing anything else, cut off the electricity
at the mains fuse.

{b) Send for a physician.

{c) Begin giving artificial respiration immediately
(mouth to mouth), and massage the heart
externally if necessary.

PRECAUTIONS FOR THE AVOIDANCE OF ACCIDENTS

Handling acids and alkalis
1. Diluting sulfuric acid with water

Always add the sulfuric acid to the water drop by drop, stirring the mixture after each drop. Do this
preferably in a sink. Never pour water into sulfuric acid (because of the danger of splashing).

2. Bottles of acids and alkalis

Keep them on the lower shelves of the cupboards. When you take one out, hold it firmly upiight with a dry
hand. Do not keep acids and atkalis in bottles with ground glass stoppers (they may get stuck).

3. Pipetting

Where possible, use small measuring cylinders for measuring acids and alkalis. If more accurate measurement
is required, use a pipette plugged with non-absorbent cotton wool or with a rubber tube attached. Pipette
slowly, watching the level of the liquid.

Heating glassware and liquids
1. Test-tubes

Never heat the bottom of a test-tube; the liquid inside might sputter. Heat the middle of the tube, shaking
gently. The mouth of the tube should be facing away from the worker and any other person, towards an
empty work space or a sink.

2. Ordinary glass and Pyrex

Only Pyrex glassware and porcelain receptacles can be heated over a Bunsen flame. Ordinary glass will break.

3. Inflammable liguids

Only small quantities of inflammable liquids such as ether, ethanol, acetone, benzene, toluene and carbon
disulfide should be kept in the laboratory.

WARNING: Ether will ignite at a distance of several metres from a flame. Never place a bottle of ether on
a workbench where there is an open flame {Bunsen burner, spirit lamp, etc.). Carbon disulfide is even more
dangerous.

4, Butane gas

When lighting a gas burner, always light the match and hold it to the burner before turning on the gas tap.
Turn off the main valves of all bottles of butane gas every evening. Replace the rubber connecting pipes once
a year.
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19. Plaﬁ of a Periphéral Medical Laboratory

The plan below sets out the possible arrangement of a peripheral medical laboratory attached to a health centre.
It shows a laboratory capable of carrying out some or all of the techniques described in the manual. The plan is
limited to one room, since often this is all that is available for the laboratory.

The room should be at least 5 metres by 6.
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EXAMINATION (| sink EXAMINATION

astebin
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. Microscope|
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WASHING b6 | STAINING
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If2 rooms are available, it is recommended that the blood transfusion service be placed in the second room. If
there is no transfusion service, the second room can be used for washing and sterilization. Dirty and/or contaminated
material should be removed from the laboratory working area as quickly as possible both for the safety of the

- workers and to avoid errors and cross-contamination.




This illustration indicates another possible arrangesiient of a peripheral laboratory. It will chviously be modified

by circumstances.
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20. List of Apparatus Needed
to Equip a Peripheral Laboratory

The following is a list of the apparatus needed to equip a laboratory capable of carrying out all the examinations
described in the manual. Such a laboratory would usually be located in a small rural hospital (district level) which
might have between 60 and 100 beds. A health centre laboratory not attached to a hespital would require less
equipment as it would probably not carry out blood transfusion work, VDRL, etc.

The quantities of the different expendable items proposed are sufficient to enable a laboratory with one or two
technicians to perform 20--50 examinations per day for a period of 6 months.

I. LABORATORY INSTRUMEMNTS

A. Essential items

1. The microscopes

— One microscope with an inclined binocular tube, a mechanical stage, three objectives (x 10, x 40, x 100),
eyepieces (x 5, x 10), condenser and plane/concave mirror. If mains electricity is available, an electric
microscope lamp, for use in haematology.

— One microscope with an inclined monocular tube and accessories as listed above, for use in the other
sections of the laboratory (parasitology, urine analysis, bacteriology, etc.).
At the health centre level one monocular microscope is sufficient.

2. The centrifuge
— An electric centrifuge with microhaematocrit head attachment and reader.
— A hand-operated centrifuge with 4 buckets.

3. The balance
An analytical balance is necessary if reagents are to be prepared in the laboratory. Accessories: a set of weights.

4. Refrigerators
Wherever a transfusion service is established a separate refrigerator must be set aside for this service.
Other reagents (VDRL and pregnancy tests, etc.) and materials (some transport media, specimens, etc.)
can be kept in a compartment of the hospital’s or health centre’s refrigerator.

5. A thermostatically controlled water bath (37 °C~56 °C)
Used for cross-matching, VDRL tests, inactivation of sera, and other tests where a constant temperature is
needed over a relatively long period.

6. A rotating machine for VDRL tests
Essential in any laboratory where the VDRL test is done routinely.

7. A differential counter
Although a hand tally counter can be used, the differential counter saves time and improves efficiency.

8. A photometer or colorimeter

Necessary for blood chemistry and for accurate haemoglobin determination. A battery-powered model is
supplied by UNICEF (ref. 09-309-98 or 09-310-00).

B. Additional items
1. The autoclave

When the laboratory is in a hospital, the hospital sterilization service can be used. If the laboratory is in a health
centre one of the following is needed: :

— apressure cooker

— asmall autoclave (electric or heated by oil stove or butane gas).

2. A hot air oven

If the laboratory is fairly large, a small hot air oven is useful for drying glassware an for sterilization in
conjunction with the autoclave.
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4.

. Balances

If the laboratory is required to prepare a wide range of reagents, a two-pan talance with the corresponding
set of weights might be acquired.

A de-ionizer or a still for making distilled water

The de-i)onizer is an apparatus for demineralizing water by means of cartridges of ion-exchange resins (see
page 59).

A still can be used instead of a demineralizer. A model supplied by UNICEF (ref. 01-680-02) is made of
stainless steel and is therefore durable.

I'f.I alll the reagents are supplied ready for use or if distilled water is provided, this item may be withdrawn from
the list.

EQUIPMENT FOR COLLECTION OF SPECIMENS

Syringes, graduated, 20 Ml . ... ... .. e e et e e 2
Syringes, graduated, 10 ml . ... ... ... e i e 10
Syringes, graduated, Bml .. ... ... ... ... e e 20
Needles {hubs to fit syringes) size 18G (1.2mm) x40 mm . .. ... ... it iiir tiniinnann.. 6x12
Needles (hubs to fit syringes) size 19G (1.0-1. 1 mm) x40mm.............ciiiriirnnnnnnn, 6x12
Needies (hubs to fit syringes) size 20G (0.9 mm) x40 mm. ... ... ... ... . ittt iirinnennn 2x 12
Needles (hubs to fit syringes) 5ize 22G (0.7 mm) x40 mm . ... ... ... ..t iinrnrinnnnns. 6x12
Needles (hubs to fitsyringes) size 23G (0.6 mmM) x 32 mMm .. ... .. it 2x12
Needies (hubs to fit syringes} size 26G (0.5mm) X 16 MM ... ... i it it i, 3x12
Rubber tubing for tournigquet, 2-5mm bore ....... ... ... ittt it i e 2 pieces
Lancets for taking capillary blood. . . .. ... ... e e e 10x 12
Cotton wool, white, @bsorbent . .. .. ... .. i i i it it i et e 2x500g
Cotton wool, NON-absorbent . . . ... .. .. . i i i ie e 2x500¢g
Bottles, previously containing antibiolics, reagents, etc. for injection (5,10,20ml) ............. As many as
' possible
Additional equipment desirable
Needles, sterile, disposable, for takingblood. . ........ ... i i it iii i it as needed
Needles, StOD, 186G ... ... . i i i it ittt ittt sieeerineesnannenaneannns 12
Lancets, sterile, disposable, for takingcapilla:yblood. . ......... ... ... .. . i i, as needed
Scalpel with disposable blades (for Ieprosy) . .....cv ittt ittt ittt ittt iis e eaenns 1
Curved clamp forceps without teeth (forleprosy). . ........ ... .. i, 1
Boxes, plastic or cardboard, disposable, for stool collection . .. ............ ... ... .. .. ..., 500
Applicators, wooden (12cm x Tmm) {(canbemade locally) . . .. ... ittt i cia e ann 500
Bottles, 2.5mland 5ml, preferably plastic . . ......... .t ittt it s tnneennnnneens 50
Bottles, white glass, wide-mouthed, 50 mi, with metal screw cap and rubber washer,
forsputum collection . . ... ... ... . i i it it e e et i e 25
Bottles, white glass, 25 mi, with metal screw cap and rubber washer, for various specimens .. ....... 25 -
Bottles, wide mouth, all varieties, for urine coliection. . . . .. .. oottt i ittt 20-4
Forceps, punch for skin biopsies (for onchocerciasis) ... .......coii ittt ittt nnenan 1
Tongue depressors, WOOMBM. . ... .. ... v .tuetiiiineerneennreneraneratenserasnnsransnns 50
HI. GLASSWARE
Glassrods, solid Bmmdiameter .. ... .. .. ... ittt it it it e e e e 3
Beakers, flat:
— plastic BOMI . ... e e et e e et e e e 4
— plastic 100MI . ... i e i i et e e 4
Bl L 11372t 2 1 4
Staining troughs, rectangular, for 20 slides . . ..... vttt ittt i et c ittt 4
Funnel, glass, B0mmdiameter . ........... ... .. .ttt i ittt 1
Funnels, glass, 90mMm diameter. . .. ... ... it ittt ittt retr sttt tarr e 2
- Funnel, plastic, 200mm diameter. ... ... ...t ittt it iie et in ettt et 1
Measuring cylinders, graduated, with stoppers, glass:
- £+ 11 A 3
R L. 11 O 3
B+ £ PR 2
e ... L 1 1
L. 1. #1111 1
Flasks, Erlenmeyer, Pyrex, wide-mouthed, 250mi ... ..ottt it iinir i iiinrinarnanns 3
Flasks, Erlenmeyer, Pyrex, wide-mouthed, 500ml . . ........ ..ttt iiirnienennenennans 2
Drop bottles, plasticorglass, 100 ml. .. ... ...ttt ittt it tteisanern e asaennnnaens 12
Drop bottles, brownglass, 100ml. . ... ... ... ... .. ittt ieteenneenennarenns 3
Reagent bottles, plastic or glass:
- 100ml. . e et et e et e e e 20
~800ml. ... ..., e et e r et e et e e et 10
“1000ml. ...eeane. b e e s et e e et et eaa et aaeen e e e e 10
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Flasks, volumizatric, glass, with stoppers:

S Vs T 12 ) 4
B L= (1 1 1 |1 A 2
B 011 1 ¢ & | 7S 2
S T 1« - Y U OGP 1
Microscope slides, 26 x 75mm (1.1 to 1.3mmthick) .. ... ..ot 2 x 1000
Coverslips, square, 20 x 20mm (0.13t0 0.16mm thick). .. ..... ..ot 20 x 100
Wash bottles, plastic, 500 Ml . . .. .o inii it i i i i i s 2
Wash bottles, plastic, T000MI. .. ... ittt ittt i ieis it 2
Watch glasses, 5S0mmdiameter . ........ ... oot it aa e 2
Pipettes, graduated from the top and not to tip:
— Tmi(subdivided 0.0TmMl) ... ..ciiirir it i it tntnsaees et e 12
— 2mi(subdivided 0.0Tml) .. ...t i i i i e e 10
— Bmi(subdivided 0.1ml) ... .ottt e i i ittt 10
— 10mi (subdivided 0.1 M) ...ttt ie it ittt ettt s 6
PIDEtEES, PaSteUN | . ...\ ttii i tieeseeeeeseene e nranasesasnneannanerasssennnsns 2 x 144
Test-tubes, Pyrex, 180 X 16 MM .. ... .. ittt ittt ie et ettt aaa e 50
Test-tubes, Pyrex, 85 x 15mm (Kahntube) ....... ... .o iiiiiiiiiiiiiiiia 100
Test-tubes, Pyrex, 50 x 6 mm (cross-matchingtube) . ..........co i, 20
Centrifuge tube, conical, 15ml . . ... . o 40
Centrifuge tube, conical, 15ml, graduated in 0.1ml ... ... ... oii i 6
Glass tubing, wall 1to 1.5mm, diameter 7to8mm .. .. .. ... o ittt 1kg
‘Additional items
Petri dishes, glass:
R B B X LT L1 1= R 4
— 1B MM IAMBIEr & .o i ittt ai i et et e et 4
Evaporatingdishes, 75 mm (78 ml). ... ... i i i et 2
For the VDRL test:
— Bottles, clear glass, 30 mil, with ground glass stoppers, 35 mm diameter, flat-bottomed. .. ... 3
— Pipettes, graduated to tip: 1 mi (subdivided 0.1ml) ......... .. .o i 5
. 0.2ml (subdivided 0.05ml) . .. ......ccciiriiiiiiiiiie 30
IV. HAEMATOLOGICAL APPARATUS
Pipettes, Sahli, 0.02ml, with rubber tubing. . ... ... ... . i i 30
Pipettes, blood, 0.05ml. . ... ... . i i i i i ittt 20
Counting chambers:
— improved Neubauer (bright lineifpossible) ......... ... ... oot 3
— FUChS-ROSENTHAl . . oottt ittt it iiiineneeanssnnnsnssesosacasssannanusnesssss 1
Coverglasses, optically plane, for countingchambers. .. ......... .. i 12
TallY COUNTEE. o o v e eeancnanencsornsoeoesssensnnansasaasassssnsnansasoanasasssnsss 1
Tubes, Westergren, for erythrocyte sedimentationrate...........oviviiiiiininnnaniean, 30
Stands, for Westergren tUbes . . . . ..o v vnai it in i iia e e et as e 2
Microhaematocrit capillary tubes, heparinized ......... ...ttt 1000
Microhaematocrit tube sealingcompound. . . .. ... . ittt it i ittt 1 set
(10 trays)
Blood-collecting bottles, fortransfusion . .. ... ...t i i e e 300
Blood-COlleCting SBS . . o« v v e i eeninen e s i ettt e e e e 30
Opal blood-grouping tiles ... .........iiiitiiiieiirneanareienssnsennarsercaraannsns 3
V. BACTERIOLOGICAL AND BIOCHEMICAL APPARATUS
Nickel-chromium alloy (nichrome) wire, Tmmdiameter., ............coverttiriiiiiinnne, 1 metre
LOOP HOIOEIS. . ot ottt it ieitcie e naenrasanasassensonnsoetosossasaneatotacnnasans 4
Wooden block for loopholders ... .....oociinriniiiinrin it 1
Protein standard tUDES. . . . .. v v v e e uerrenoasotanarossssssssssnaessooasansnsssoens 1 set
Test-tube racks, large, 12tubeS. . . ... vt vii i in i cer e e 4
Test-tube racks, small, 12 tubes. . . . ...t e 4
Wooden test-tube holders . . oo oo v vt veiueevnenosossasoresenssonansaesssoasnssnssansns 2
Forceps, stainless steel, forslides. . . ... ... ..o vttt et 2
Bunsen burner forusewith butane gas .. .......cvvrteiennerosonersoessssravrcsensnnnns 1
Butanegascylinders . ......... ...t tiiiriiiaaetinrci it as needed
Tripod with ashestos GaUZe . . . . ..o iivn vt e rrnssnsnrnsseescassnnseassonscassonsnes 1
1T 1
Spatulas, various sizes, forreagentweighing .. ...........c ottt it i e 3
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V1. LABORATORY RECORDS AND REPORTS

Record books, hardbacked, large. . . ....... .. i i i i et et
Record book, hardbacked, small (forblooddonors) . . ... . . it iiiiiiiiiiiinnnanann
Glass-marking pencils, wax, red. . ... ..ottt ittt ittt i tn e raat et
Glass-marking pencils, wax, blue. . . ... .. . ... i i i i i i i i
Glass marker, diamond POINL. . .. .. .. . it it it ittt ettt
T | L - T
Pens, ballpoint, black orblueink ........................... it e i it i,
Pens, ballpoint, red ink (for recording positives) . . .. . .. i i i i i i ettt
Cellophane taDe. . . . . oo ittt ittt ettt
Adhesive tape, While . . . .. .. ... i i i i ittt ittt it it s
Labels for patients’ bottles . . ... ... ... . i i i i ittt e
Prepared laboratory request forms (preferably standardized centrally) . ............. PP

1000
as needed

6

1
12
12

1
12

3

2

3 rolls
3rolls

Vii. MISCELLANEOUS

Timer, 0-60min, With alarm . ... ...ttt ittt trensenrrnancancnsonannsesnnnn
b e 71 ) - 1)+ J
L F Y 1111 1<

o 1 £ = (1T L
Screwdrivers {small, medium, large) . ........ ... ittt i i it et
Roundmetal file, DmMm. .. ... .. it ittt itneranneaearassoesessnrannnnansnns
Smallampoule files. .. ... .ot i i i i i i et e e
Saucepan, flat-bottomed with lid, 30cm. .. ... ... . i i i it it it
HOt Plate. .. ... oot it ittt ettt ieeastscnsnaonetuneeaasssstssasnnonnsansnnnans
Mortarand pestle (10 Cm) . .. .. it i it it e it r it
Bowls, plastic, DO X S0 Cm . . . ..t i ittt ittt ittt it et st
Bucket, plastiC, 12 Iitres . . . ...t i ittt ittt et ie et teeaetnensnasaaaanaranataens
Rubber bulb {(forcleaning pipettes). . . .. ... o ittt i i i i n e it
Scissors (medium, 1arge) . ... ... ..ottt i i i i st et
VaCUUM PUMP, MEBTAL . . ..ot it intan et taneroansorannrssnannsssnocsesasernnanns
Thermometer, 0—T100 0 . ...ttt it ittt ittt tetees titaesrssasteaassnnnsnsns
Stoppers, TUDDEr . .. ... i e i i ettt et
B3] 0] oL TR oo 1<
a1 Y
Test-tube and bottle-cleaning brushes {varioussizes). .. .. ... ... ... ittt nneenann
Filter paper, 150m, NO.T ... . i it ittt i iiiaaseereanneernsrssnananansnnns
pHpaper, narrow range (6.8—7.2). . ... .ttt t i i ittt ittt ittt it
pHpaper,widerange (0—12) .. ... ... ittt i et it eneiarnnesancanaaansnns
L mIUS PAPEY . . . ...ttt ittt et tteesnseseseennannansaessaeeeesoessassosnananansanns
Lens paper. ..... e e e e e v eeaaearaaa et ettt ettt
Lo T 1= 7= peraeaens
Towels and Clean rags . . . ... ..ottt it i e ie et e ettt
1T 1T T o N« |

O wmd vk md wmd wmd ) b ok () b b ok ) wd (1) b b ok b

as needed

{10 ml each)

(7]
g8

&
g
-]
x
3

6 books
6 books
6 vials

2 packets
Z rolls

6 bottles
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A. PARASITOLOGY

Introduction

The study of parasites that cause disease in man is called
medical parasitology. A parasite is an organism that lives
in or on another living organism of a different species
and obtains its food from it.

The organism from which the parasite takes its food is
called the host.

A parasite such as a tick that lives on its host is called an
ectoparasite.

A parasite that lives in its host, such as a hookworm or
an amoeba, is called an endoparasite.
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Laboratory diagnosis in medical parasitology may
include examination of stools, urine, sputum, biood,
cerebrospinal fluid (CSF), and other secretions or

tissues.
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1. What to Look For. Collection of Stools.

The following stool examinations are carried out in the
laboratory:

1. PARASITOLOGICAL EXAMINATION

This is the detection of parasites such as:
(a) worms visible to the naked eye (see page 143).

(b) eggs or larvae of thoza worms, visible only under the
microscope (see page 122).

(c) protozoa (single-celled microorganisms), which may
be found in a motile (vegetative) form (see page 147)

or in a non-motile, resistant form as cysts (see page
155).

2. BACTERIOLOGICAL EXAMINATION

This is the detection of bacteria that cause disease
by the culture of stools (see page 268).

3. CHEMICAL EXAMINATION

This is principally carried out to detect the presence of
~occult blood (see page 175).

: ‘,Other;Chemical tests are less frequent.
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COLLECTION OF STOOLS

The reliability of the results obtained will depend
largely on the care taken in collecting the stools. The
following precautions should be taken in collecting
stools for parasitological examination.

1. Collection of a sufficient quantity

This is necessary in order:

— to permit detection of parasites, if in low
concentration

— to prevent rapid drying of stools.

The specimen should contain at least 4ml (4cm?).

2. Provision of a container for the patient’s use

Every effort should be made to give the patient one
of the following types of container for collection of
the specimen:

{a) a waxed cardboard box
(b) an empty tin with a lid

(c) a light plastic box

(d) a glass jar especially designed for stool collec-
tion, with a spoon attached to the stopper.

3. Examination of stools while fresh

{a) Stools must be examined within one hour of
collection.

{b) If a number of specimens are received at the
same time, pick out liquid stools and those con-
taining mucus or blood and examine these first,
for they may contain motile amoebae that die
quickly,




THINGS NOT TO DO

1. Never leave stool specimens exposed to the air in containers without lids.

2. Never set aside stool specimens for examination at the end of the morning (i.e., 2 or 3 hours later).
3. Never accept stools mixed with urine (e.g. in a chamber pot or bedpan).

4. Never place the container with the stool specimen on the examination request form.

For collection of stool specimens with preservatives for bacteriological examination (cholera culture, culture for
other bacteria causing dysentery) see page 268.




2. Slide Preparation

MATERIALS

— Microscope slides

— Coverslips, 20mm x 20mm

— Wooden applicators, or wire loops (0.46 mm nickel-
chromium alloy wire)

— Grease pencils

— Sodium chloride solution (reagent No. 45)

— Lugol iodine solution (reagent No. 36), diluted
5 times.

A

T
. {/I, o

METHOD

1. Take a slide and put:
: — 1 drop of sodium chloride solution in the middle
of the left half
— 1 drop of the iodine solution in the middle of
the right half.

~2. Using an applicator or wire loop, take a small
port:on (about this size: O) of the stool. If the
stools: '

— are formed, take the portion from well inside
the sample (parasite eggs?) and from the surface

— contain mucus or are liquid, take the portion
from the bloodstained mucus on the surface or
from the surface of the liquid (amoebae?).




3. Mix the sample with the drop of sodium chloride

solution on the slide.

Using the applicator or wire loop, take a second
portion of stool from the specimen and mix it with

the drop of the iodine solution.

5. Place a coverslip over each drop (apply coverslips as
shown to avoid the formation or air bubbles).

6. Mark the number of the specimen on the slide with

a grease pencil.

7. Examine the preparations under the microscope.
For the saline preparation use x 10 and x40
objectives and a x 5 or x 6 eyepiece, For the iodine
solution preparation use a x 40 objective. As the
eggs and cysts are colourless, reduce the amount of
light using the condenser aperture or lower the
condenser to increase the contrast.
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8. Examine the first preparation with the x 10
objective, starting at the top left-hand corner as
indicated.

To ensure that no field is overlooked, pick an object on
the edge of the field of view and move the slide across
the microscope stage, examining the field, until the
object reaches the other edge of the field. Repeat the
procedure over the whole area.

For each field examined change at least once to the x40
objective to check for the presence of protozoa, which
are very small.

Then examine the iodine solution preparation with the
x40 objective.




3. Special Technique for Pinwerm Eggs

Principle

The eggs of the pinworm (Enterobius vermicularis) are
usually collected (particularly in ckildren) in the folds
of skin around the anus. They rarely appear in the
stools.

MATERIALS

— Adhesive cellophane tape

— Spoon 10cm long or, better, a wooden tongue
depressor

— Slide

—~ Microscope.

METHOD

1. Place a strip of cellophane tape, sticky side down,

on a slide, as shown in the diagram.

2. Place the spoon handle flat against the underside

of the slide.

3. Gen%ty pull the tape away from the slide and loop it

ove: the erid of the spoon handle.

119




4. Hold the completed tape swab in your right hand,
pressing the slide firmly against the spoon.

5. Separate the patient's buttocks with your left hand.
Press the end of the spoon covered with tape against
the skin round the anus in several places.

6. Take the slide and fold the tape back on to it, sticky
side down.

7. Make sure that the tape is firmly stuck flat to the
slide by pressing it with a piece of cotton wool.




8. Examine under the microscope, with reduced
condenser aperture, using a x 10 objective, for
E. vermicularis eggs which have the following
characteristics:

Shape: oval but asymmetrical {flattened on one
side, rounded on the other)

Size: 50-60 um

Shell: smooth and thin, but double line visible

Content: either a granular mass (1) or a curled-up
embryo of the worm (2)

Colour: transparent, colourless.

For photographs of eggs see page 129,

{After the method of Melvin, D. & Brooke, M. Laboratory
procedures for the diagnosis of intestinal parasites. Atlanta,
US Department of Health, Education, and Weifare, Center
for Disease Control, 1969, p. 138)

if no cellophane tape is available
1. Use a cotton wool swab.

2. Wipe round the anus (but not inside) with the swab.

3. Dip the swab into a test tube containing about
0.5 ml (10 drops) of sodium chloride solution
{reagent No. 45). Rinse the swab well in the
solution.

4. Draw up the liquid with a Pasteur pipette. Transfer
it to a slide, cover with a coverslip and examine as
gesac)ribed in step 8 of the previous method (page

- 118).
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4. Eggs and Larvae of Intestinal Parasites

A. CHARACTERISTICS OF EGGS

Eggs laid by parasitic worms and found in stools are
identified by:

— size

— shape

— shell

—~ content

and occasionally by

— colour

— externat features.

For example: the egg of Schistosoma mansoni

Size: 150 um

Shape: oval

Shell: external shell, thin and turgid; internal
shell, thin, membranous and less
distinct

Content: 1 ciliated embryo

Colour: pale yellow

External feature: 1 lateral spine

B. SIZE OF EGGS

The size can be estimated by comparison with that of a
red blood cell, which measures 7.5-8 um

. _ 1
1 micrometre (1 um) = 1000 of amm.
The size in um given in this manual is that of the long
side of the egqg.

The size can also be assessed in relation to the micro-
scopic field:
~ using a x 10 objective, this egg takes up 1/10 of the
- field .
— using a x 40 objective, this egg takes up 1/3 of the
field.

The egg can be measured by inserting a micrometer scale
slide in the eyepiece of the microscope.

Another method is to compare the egg with one of
another species common in the locality whose size
under the microscope is known (hookworm, round-
worm, etc.).
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HOW TO RECOGNIZE EGGS

The method recommended is:

{a) establish the probable identity of the egg from its general appearance
{b) make a systematic study of ali the characteristics of the egg to confirm its identity.

In order to gain experience {if possible, under the guidance of an instructor):

— study the different eqgs found in the locality
- identify, one by one, all the characteristics of each egg as described in the manual.

ALPHABETICAL LIST OF PARASITIC WORMS WHOSE EGGS ARE FOUND IN STOOQLS

Alphabetical order

The parasites are set out in alphabetical order and not according to size, shape or other features, since methods of
recognition by elimination can lead inexperienced technicians into error.

Numerical order

The eggs are numbered according to alphabetical order and described and illustrated in that order. At the end of
the section (pages 140 and 141) the egygs are shown in a comprehensive table that can be used for a first rapid search.
Areas of the world

The area of the world where each egg is most commonly found is indicated. To avoid mlstakes always consult this
information when you think you have found a rare species.

INTERNATIONAL SCIENTIFIC NAME COMMON NAME
{yeneric name & name of species) (English)
® 1. Ancylostoma duadenale Hookworm
® 2. Ascaris lumbricoides Roundworm, ascaris
3. Clonorchis sinensis Chinese liver fluke
4. Dicrocoelium (various species) Lancet fluke
5. Diphyllobothrium latum Fish tapeworm
6. Dipylidium caninum Dog tapeworm
7. Enterobius vermicularis Pinworm, oxyuris
8.. Fasciola hepatica {or gigantica) Giant fiver fluke
9. Fasciolopsis buski Giant intestinal fluke
10. Heterophyes heterophyes Small oriental fluke

11. Hymenolepis diminuta
Hymenolepis nana
®13. Necator americanus
14. Metagonimus yokogawai
15. Opisthorchis felineus
16. Paragonimus westermani *
17. Schistosoma bovis

o
b
N

®18. Schistusorna haematobium**

®19. Schistosoma intercalatum
020. Schistosoma japonicum
©21. Schistosoma mansoni
022. Strongyloides stercoralis ***
23. Taenia saginata
24. Taenia solium

25, Trichostrongylus (various species)

©26.. Trichuris trichiura

Rat tapeworm
Dwarf tapeworm
Hookworm

Japanese fluke

Cat liver fluke
Oriental lung fluke
Schistasome (vesical)
Schistosome (rectal)

Schistosome (orientat)
Schistosome {intestinal)

Threadworm
Beef tapeworm
Pork tapeworm

Whipworm

= commonly found in many countries

* tound chiefly in sputum
* tound chiefly in urine
*** found chiefly as larvae in stools
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Terms used for identification of eggs

granular @\
contents

the two cell poles

shell (with
“double”’ waII) shell (With
“single’’ wall)
of egg
ciliated embryo
0 \)
embryo
)
lateral .
spine cilia
/ ". - internal shell
operculum ’ external shell
| |
i |
spike
{knob or boss)/
membrane
{internal shell) R
t i
external shell hooklets .
{these are refractile . ]
structures that shine in symmetrical egg asymmetrical egg
the light)
1 um (micrometre) = 1 0100 of a millimetre 1 red cell measures about 8 um
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-operculated

non-operculated
| eggs

containing
developed
larvae

large > 50 um
without
developed

larvae

ciliated larvae,
conspicuous
spine or
minute knob

no ciliated
larvae,
no spine,

| no knob

medium size
70—120um

lateral spine

|~ eggs with 3
pairs of
hooklets

eggs with no

|_hooklets

Kly to the identification of the most prevalent helminth eggs in tropical areas

“small <35um pronounced rimmed extension of shell,
small knob at the wide end.

— Clonorchis sinensis (3)

—very large — Fasciolopsis buski (9)
>130um - Fasciola hepatica (8)

T
distinct fiattened operculum

with an obvious rim,
golden yellow colour.

— Paragonimus westermani (16)

“minute knob  — Schistosoma faponicum (20)

terminal spine — Schistosoma haematobium (18)

— Schistosoma mansoni (21)

—single thick dark brown shelt,
transverse striation,
spherical or subspherical

— Taenia (23-24)

double shell, colourless
inner shell with polar
| filaments, oval.

— Hymenolepis nana (12)

— barrel-shaped,
double shell, dark | 2 polar plugs, — Trichuris trichiura (26)
brown external smooth shell
shell .
avoid, no polar
::::315" lated — Ascaris lurnbricoides
external shell (2)
- flattened  — Enterobius
_ on one side vermicularis (7}
larvae
not — Strongyloides
thin clear | flattened stercoralis {22)
transparent —
shell grey cells | - Necator americanus (13)
— — Ancylostoma duodenale (1)




Hot
Hooleworm countries@

1. Ancylostoma duodenale

Size 50-60 um

Shape oval with rounded slightly flattened poles
(one pole often more flattened than the
other)

Shell very thin; appears as a black line

Colour the cells inside are pale grey (iodine solution
turns them dark brown)

Content varies according to the degree of maturity.

Type A (fresh stools):

4,8 or 16 grey granular cells, clear but not refractile
(blastomeres).

Type B (stools a few hours old):
A uniform mass of many small grey granular celis.

Type C (stools 12-48 hours old):

The whole of the eg) is filled by a small larva (the
future worm), wrapped around itself. The eag is
“embryonate”’.

126




Roundworm Whole

2. Ascaris iumbricoides {Ascaris) worid w
There are four types of ascaris egg: :

Com»

A. Fertilized egg with double shell

Size
Shape
Shell

Colour

Content a single round granular central mass.

Fertilized egg with double shell

Unfertilized egg with double shell
Semi-decorticated fertilized egg (less frequent)}
Semi-decorticated unfertilized egg (very rare).

about 70 zm

oval, or sometimes round

the two shells are distinct:

— the external shell is rough, brown, covered

P |

PP FIUR -4

with little lumps {mammitlated)
— the internal shell is smooth, thick,
colourless
the external shell is brown and the contents
of the egg are colourless or pale yellow

B. Unfertilized egg with double shell

Size
Shape
Shell

Content the eqg is full of large round very refractile

about 80-90 um (larger than type A)
more elongated {elliptical or irregular)

— the internal shell is thin {(one or two lines
may be visible)

{shiny) granules.

C. Semi-decorticated fertilized egg
-Similar to type A but without the external shell.

Shell

Content asingle round colourless granular central

single, smooth, thick and colourless (or very
pale yellow)

mass.

D. Semi-decorticated unfertilized egg

Shell

Content |arge roundish colourless refractile granules.
Caution: Do not confuse type D with the egg of
Ancylostoma or the giant fluke.

Ia.sir;gle smeoth thin colourless shell (double
ine

. J B e 4 ..~?'._'<" |
(- Y@ .
0GEY
R L0
the two shells are indistinct: 1 e (0N <
— the external shell is brown and puffy, with : ‘ W )
rather jagged lumps [ cHe €
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Lancet fluke or Chinese liver fluke

3. Clonorchis sinensis

Size 25-30 um

Shape distinctive (see illustration opposite)

Shell fine and smooth but quite thick (double
line)

Operculum easily visible at the narrow end of the egg,
fitting into a thickened rim of the shell

Boss a small knob at the wide end of the egg (P)

Content a well-organized ciliated embryo

Colour shell yellowish-brown, contents pale
yellow.

Small fluke

4. Dicrocoelium (various species)

Size 45-50 um

Shape oval, rather asymmetrical

Shell thick, smooth, yellow, orange or light
brown

Operculum easily visible (O).

A. Eggs in passage® {form most often found):

The shell varies in colour; it may be yellow, orange
or light brown. The egg contains an indistinct dark
yellow oval mass, often with 1-4 refractile globules.

B. Eggs from infected patient (very rare):

The shell is a uniform dark brown. The egg contains
a ciliated embryo.

*Eggs in passage: The patient has eaten sheep or beef liver infected by the flukes. The eggs of the flukes are not digested and,
although they appear in the patient’s stools, he is not infected. Repeat the examination 8 days later, telling the patient not to eat
liver or liver products in the meantime,

. Cold countries,
Fish tapeworm (especially)

5. Diphyllobothrium latum

Size 70 pm

Shape regular oval -

Shell smooth and thin

Operculum scarcely visible when not raised

Boss very small, at the opposite end to the
operculum

Content a mass of small cells round a large central
cell .

Colour pale yeilow.
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6. Dipylidium caninum
The eggs are found in clusters of 6-20 enciosed in a fine

membrane.

Size of the cluster: 150-300 um
of the egg: 30-40um

Shape  round

Shell thick, slightly granulated, without striations

Content a single uniform granuiar mass with 3 pairs of
refractile hooklets arranged in the shape of a
fan

Colour  yellow or pale grey,

Dag tapeworm

Whole
world

7. Enterobius vermicularis

Size
Shape

Shell
Content

Colour..

50-60 um

oval but clearly asymmetrical (flattened on on
one side, rounded on the other)

smooth-and thin, but a double line is visible
either (A) a small, granular mass in the shape
of an irregular oval, or (B) the embrvo of the

“'worm, a small curled up larva

transparent, colourless.

The egg'is usually more easily found in the folds of skin
round the anus (see page 119).

Pinworm
(Oxyuris)

Whole
world
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‘8. Fasciola hepatica (or gigantica®)

‘Size F. hepatica — 130 pm
F. gigantica — 150 um

Shape  oval with rounded poles

Shell smooth and fine with a double line

Content amass of large indistinct cells with clear,
granular nuclei {(adjust the screw of the micro-
scope to change the focus)

Colour ranges from yellow to dark brown

Other

features finely marked operculum (O} at one pole; the
cell wall may be visibly retracted. Thickening
(E) of a small part of the wall at the other
pole.

The eggs are in small numbers in the stools (a search can
be made by duodenal aspiration in doubtful cases).
Cases of transmitted eggs are rare.

*F. gigantica: found in tropical areas of Africa and Asia.

Giant intestinal fluke

9. Fasciolopsis buski

Size 140 um

Shape oval

Operculum slightly smaller (O) than that of Fasciola
hepatica.

Very similar to the egg of Fasciola hepatica but with the
following differences:

{(a) Shell thinner, single line, with a marked
thickening (E) of the wall at the
opposite pole to the operculum

{b):Operculum slightly smaller

{c) Content  cells may-be refractile with one clear cell

in the centre of the egg

{d)-Quantity the eggs are often present in large
numbers in stools,
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10. Heterophyes heterophyes
Similar to the egg of Clonorchis sinensis.

Size 25-30um

Shape more oval; the operculum does not overlap

Colour yellow to dark brown

Shell slightly thicker than that of C. sinensis

Boss tiny and wart-shaped, at the wider end of the
egg; not always visible

Content a mass of cells, sometimes with large refractile
granules (unfertilized) or a ciliated embryo.

Asia
(mainly)

11. Hymenolepis diminuta
Ra_re species (found in children’s stools)

Size 70-80 um {much larger than H. nana)
Shape  round
Colour transparent or pale yellow
Shell very thick:
— thin external shell with transverse lines
— very thick inner sheil without filaments
Content arounded embryo coniaining 6 hooklets
arranged in fan shape.

Rat tapeworm

Whole
world




12. Hymenolepis nana

Size 45-50 um

Shape  oval, almost round

Shell double; external membrane thin and internal
membrane often thicker at the poles, with
filaments coming away from both poles
{reduce light to see them), mixed with
granules occupying the space between the two
membranes

Colour very pale grey

Content rounded mass (embryo) with 6 refractile
hooklets arranged in fan shape and often
some well defined granules in the centre.

Important: Record whether there are many or few eggs
present.

Dwarf tapeworm

Whole
world

13. Necator americanus

The egg is almost identical with that of Ancylostoma
duodenale.

Size a little longer (70 um)

Shape  poles more flattened ,

Content always contains at least 8 cells (never 4 like A.
duodenale in fresh stools).

Hookworm

Hot
countries

14. Metagonimus yokogawai
Similar to the eggs of Clonorchis sinensis and

Heterophyes heterophyes

Size 25-30um

Shape oval, with no marked bulge

Shell quite thick (the thickest of the three)

‘Operculum more rounded than in H. heterophyes;

overlapping less than in C. sinensis
Boss at the other pole, tiny or invisible
Content a ciliated embryo.
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Asi
- . (m'aainly) @
16. Opisthorchis felineus
Also similar to the egg of Clonorchis sinensis

Size identical (25-30 um)
Content aciliated embryo *.

2

Some differences:

(a) Shape Slightly less widé: at the base and with
less bulge; some eggs asymmetrical

{b) Operculum less overlap

{(c) Boss rarely visible.

It is very difficult to differentiate between the eggs of the four oriental flukes:

Clonorchis sinensis squat shape, operculum with distinct overlap
Heterophyes heterophyes sauat shape, darker colour
Metagonimus yokogawai thicker shell
Opisthorchis felineus narrow, often asymmetrical shape, boss not visible.
Oriental lung fluke Far East @
(Central Africa)"

16. Paragonimus westermani

Eggs mainly found in sputum (if swallowed they pass
into the stools).

Size ;IO('J( u)m {smaller than the egg of the giant
luke

Shape oval, often slightly flattened on one side

Operculum quite distinct, with an obvious rim (like a
flat cap)

Shell distinct thickening at opposite end to
operculum

Colour golden brown

Content clelar central space surrounded by squarish
cells.

Africa south
of the Sahara

17. Schistosoma bovis

Eqggs found in the stools of patients who have eaten
infected beef.

Size very large (200 um)

Shape  spindle-shaped, with narrowed extremities

; extending beyond the embryo

Spine long terminal spine

Content small round embryo lying in the centre of the

egg but not filling it. Scale
. . . reduced
This worm does not cause disease in man, by half
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18. Schistosoma haematobium

Eggs found in urine (for detection, see page 178) and
occasionally in stools.

Size 120-150 um

Shape  oval, with one well rounded pole

Spine terminal, and situated at the other pole

Shell smooth, very thin

Colour grey or pale yellow

Content a well-formed broad ciliated embryo
surrounded by a membrane (internal shell).

19. Schistosoma intercalatum

Similar in appearance to eggs of S haematobium, but
found in stoals.

There are some differences:

Size slightly larger (150-180 um)

Spine terminal spine longer and more tapered

Shape spindle-shaped; less broad (sides particularly
flattened towards the rounded pole)

Content a ciliated embryo surrounded by a membrane
with 2 depressions (d) or indentations, one on
each side near the middle.

Schistosome (vesical)

Schistosome (rectal)

Africa @

Eastern Mediterranean




20. Schistosoma japonicum

Size
Shape
Colour

Spine

Content

70-80 um

oval, almost round

transparent or pale yellow

difficult to see, lateral and very small; may be
hidden by small granules (P) often found on
the surface of the egg

a broad ciliated embryo.

Schistosome (oriental) Ea’ G
ast

21. Schistosoma mansoni

Size
Shape

Spine
Shell

Colour
Content

150 um (= 3 eggs of Ancylostoma)

oval, with one well rounded pole and one more
conical pole

lateral, near the rounded pole; large and
triangular (if hidden underneath, adjust the
focus of the microscope)

smooth, very thin

pale yellow

a broad ciliated embryo, surrounded by a
membrane (internal shell) as in all
Schistosoma species.

Schistosome (intestinal) Africa south of the Sahara

Tropical America @
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22. Strongyloides stercoralis: A. Larvae
The larvae are highly motile in the stools.

Size 200-300 um long, 15 um thick

Tail moderately tapered

Moutn short

Digestive

tube easily visible, with an oesophagus (O) with

two swellings at one end and an anal pore
{A) at the other

Genital

primordium a rounded clear space near the middie of
the farva (E).

Threadworm Hot
countries

Strongyloidss stercoralis: B. Eggs

Threadworm eggs are seldom seen in formed stools
because they hatch before evacuation to produce the
larvae described above. They may, however, be found in
liquid stools {and occasionaily in the formed stools of
carriers of certain strains).

The eggs are very similar to those of Ancylostoma
duodenale.

Size 50 um (slightly smaller)

Shape -- similar to that of Ancylostoma

Shell similar to that of Ancylostoma

Colour similar to that of Ancylostoma

Content a thick larva curled around itself one or more
times and sometimes motile.
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Tapeworms
23. Taenia saginata o

24. Taenia solium*

The “eqgs”'** of these two tapeworms are practically
identical. They may be found in stools and 7. saginata
eggs can also be collected from the skin around the anus
(see page 119).

Size 30-40um

Shape  round

Shell very thick, smooth, with transverse lines
(reduce illumination)

Colour — shell: dark yellowish-brown
- content: light yellowish-grey

Content a round granuiar mass enclosed by a fine
membrane, with 3 x 2 refractile lancet-shaped
hooklets (adjust the focus)

External sometimes the egg is enclosed in a floating

sac transparent sac.

*Taenia solivm infection is mainly restricted to regions of low
socioeconomic development in central and southern Africa,
Latin America and Southern Africa.

**The correct term for these “eggs” is “embryophore”: an
embryonate egg that has last its outer sac.

25. Trichostrongylus (several species)
Quite similar to eggs of Ancylostoma duodenale

Size 80-90 um (slightly larger than A. duodenale)
Shape  oval, asymmetrical:
— one pole rounded
— one pole narrower
Shell very thin, like Ancylostoma shell
Content in fresh stools: a mass of at least 20 small
round granular cells. The egg quickly develops
into an embryo.

Whipworm

28. Trichuris trichiura

Size 50 um

Shape  barrel-shaped

Shell fairly thick and smooth, with two layers

Colour  shell orange, content yellow

Other

features - a rounded, transparent plug at each pole

Content a uniform granular mass (sometimes divided
. in old stools).

Important: it is important to specify whether there are
many or few whipworm eggs present.
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NOT TO BE MISTAKEN FOR EGGS

1. Starch granules fn?m plants

Size 50-100 um

Shape round or oval and elongated, but the outline
is always irregular, with rough indentations

Shell thick in places, very irregular, with cracks

Colour whitish or greyish-yellow; iadine solution
turns it to violet

Content masses of starch packed closely.

These granules are the residue of starchy foods such as
potatoes, beans, yams, cassava.

2. Digested meat fibres

Size 100-200 um

Shape  oval or rectangular with rounded corners

Colour yellow

Content transparent with no granulations or fines
{or residual lines where meat is not properly

digested).

3. Soaps

Size 20-100 pm

Shape  round, oval or irregular (like a section of a
tree trunk)

Colour  brownish-yellow or colourless

Content lines radiating from the centre and visible near
the rim; nothing in centre. .

-

e w
B

4. Air bubbles — oil droplets

- wvariable {can be any size)
. perfectly round

_acircular ring, very refractile (several layers in
... . thecase of oil)
Content  none.

Note the great differances of size present in the
preparation.




5. Plant hairs {50-300 um)

Size very variable {(50—300 um)

Shape rather rigid, often curved; wide and clean-cut
at one end, tapered at the other

Colour pale yellow

Content a narrow empty central canal between two
transparent refractile layers.

6. Pollen grains and fungus sporas

Vary widely according to the part of the world and the
diet. Their peculiar and distinctive geometrical shapes
and other features (saw-like or rounded projections,
etc.) help to distinguish them from the eggs of parasites.
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‘COMM'ON ECGS ind some confusing microscopical structdres

Roundworm Roundworm
Hookworm (fertilized) {unfertitized)

Roundworm Roundworm
(fertilized; {unfertilized;
Starch granule Soap semi-decorticated) semi-decorticated)
26 12 23
24

Whipworm H. nana Tapeworm Pinworm

S. haematobium S. mansoni Threadworm (larva) Plant hair




LESS COMMON EGGS

EGGS FOUND IN ASIA

S. intercalatum

Lung fluke

Giant liver fluke

4 4 20 3

Lancet fluke (from Lancet fluke S. japonicum C. sinensis

infected person) (ip rsssage) {common) {(common)
5 1" 10 15

Fish tapeworm M. diminuta H. heterophyes 0. felineus
22 , 25 14

Fragment of meat
Threadworm (egg) {muscle fibre) Trichostrongylus
16

Giant intestinal fluke
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HOW INFECTION BY INTESTINAL PARASITES OCCURS

it is useful for the laboratory technician to understand the ways in which infection by intestinal parasites can
occur, so that he can give advice on hygiene to those around him and avoid infection himself, particularly in the

laboratory.
Hookworm by walking barefoot on ground contaminated by stools; by playing on the ground (children)
Roundworm by eating raw vegetables and salads without washing them well; by playing on infected ground

{children)

Threadworm by walking barefoot on ground contaminated by stools; by autoinfection;* in the laboratory,
by touching stools with the hands

Schistosomes by bathing in streams or ponds contaminated by stools or urine

Fish tapeworm by eating undercooked lake or river fish

Flukes:

— giant flukes by eating unwashed salads

— lung flukes by eating undercooked river crabs

— lancet flukes by swallowing infected ants (in unwashed salads or in playing in grass — children)
— oriental flukes by eating undercooked river fish

Pinworm by contact with infected persons with dirty hands (children playing together) and by auto-
infection

Beef and pork

tapeworms by eating undercooked infected meat

Cysticercus of

pork tapeworm by eating raw, unwashed vegetables or by autoinfection

Dog tapeworm by swallowing the fleas of an infected dog (chiidren)

Dwarf tapeworm by eating contaminated vegetables; by contact with persons who have infected themselves; and
ii1 the laboratory

Rat tapeworm by swallowing rat fleas
Whipworm by eating unwashed vegetables and salads
Trichostrongylus by eating unwashed salads (Asia).

Protozoa**
Entamaeba histolytica and Giardia lamblia

by drinking contaminated water, eating unwashed salads, contact with infected persons with dirty hands, and failure
to observe the rules of cleanliness in the laboratory

Balantidium coli by eating unwashed vegetables; by contact with pigs (farms).

.:Auto- or self-infection: the patient reinfects himself, thus perpetuating his disease.
For identification of intestinal protozoa, see pages 147 and 155.




5. Adult Worms Found in Stools

Worms brought to the laboratory for identification may
have been found in stools, in clothing or bedlinen, or
during a surgical operation.

What to examine:

their length

their shape

whether flat, segmented or not
whether cylindrical (round) or not.

A. COMMON ROUNDWORMS

1. Large Roundworm — Ascaris

Colour pinkish

Thickness 0.3-0.5cm

Length male — about 15 cm, with a curled tail
female — 20-25 cm, with a straight tail

. Small Roundworm — Pinworm

Colour  white .
Length female — 1 ¢cm, with a very pointed tail
male — 0.5 cm (males are less common).

Pinworms are found in-large numbers, especially in
children’s stools, and are motile.

They may also be found in the folds of skin round
. the anus, where they are collected with a strip of
- adhesive:cellophane tape (see page 119).
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B. SEGMENTED FLATWORMS — TAENIAE

Colour ivory white or pale blue

Length total worm, 3-10m; but single mature
segments (1-3 c¢cm long) or fragments of
the chain, quite variable in length, are
usually presented for examination.

Important

. If there is a delay in examination, separate pieces

may dry up and roll around themselves, looking like

roundworms. Moisten them with water to restore

their shape.

Examination

1. Examine a chain of segments to observe the arrange-
ment of the lateral pores.

2. Examine a single segment gently flattened between
two slide

Hold the slide against the light to observe and count the
uterine branches with the naked eye.

3. To examine the head (scolex):

— place the whole worm in a Petri dish filled with
water {or on a plate)

— using forceps, transfer the worm little by little
into another dish; untangle it, starting with the
thicker end

— if at the end of a very narrow section {the neck)
a swelling the size of a small pinhead is found,
examine it with a magnifying glass or under the
lfnicrgscope {x 10 objective). The head is rarely

‘ound.




" C. FLATWORMS — TAPEWORMS — HOW TO IDENTIFY

NS

Pores arranged in
irregular alternation

' Pores generally
arranged in regular

Most common Less common

BEEF TAPEWORM PORK TAPEWORM DWARF TAPEWORM DOG TAPEWORM
{Taenia saginata) (Taenia solium) {Hymenolepis nana) (Dipylidium caninum)
Single rectangular Small chains of A small worm 2-4cm A worm 5-30cm long
segments found 3-4 rectangular long
in underclothes and segments found
in the bed; they in the stools
pass through the
anus independently
of the stools

They are part of an

intestinal worm 3-5m

long

fl g T
DR,
;KD;:‘:

Pores all on the same side

Two pores on opposite
sides of each segment

About 20 uterine
branches

About 10 uterine
branches

alterna-ion
lvory white Pale blue segment 1 mm wide Reddish segment of
segment of 1-2cm of 0.5-1.5cm 0.3-05cm

Uterine branches hardly
visible

Two bunches of uterine
branches

4 suckers
{2 mm diameter)
Very thin neck

2 crowns of hooklets
— 4 suckers (1 mm
diameter)

1 invaginated crown of
hooklets — 4 suckers
(0.5 mm diameter)

4 external crowns of
hooklets — 4 suckers
(0.5 mm diameter)

OTHER TAPEWORMS:

Dibothriocephalus is found mainly in cold climates.

Echinococcus is found in dogs; only the hydatid cyst is found in

man.
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D. OTHER WORMS

Rarely found in thg stools. Occasionally found in a patient’s organs during a surgical operation. Flukes are found in
the liver and intestines.

Actual size Under a magnifying glass
{or microscope)

Hookworm
A small round worm {like a piece of thread).

Length 1-15cm
Colour white, or red if it contains blood.

Resembles the pinworm.

Examine the head under the microscope {x 10
objective).

Whipworm

A small thin worm,

Length . 3-5cm

Colour white.

Looks like a tiny whip, one third being relatively thick
and the rest thread-like.

The worm lives in the wall of the caecum or,
occasionally, the rectum,

Fluke
A flat worm with two suckers; looks like a leaf.

Large fluke 2-3cm long, fairly broad, brownish-red or
dull white (LF)

Small fluke 0.5-1c¢m long, narrower, transparent,
greyish-red (SF).

Schistosome

A small thin worm.
Length. .. 0.5-1.5cm
Colour  white.

The flat male is rolled around the thread-like female
worm, which is a little longer. Each worm has two
suckers near the head.




6. Amoebae, Flagellates and Ciliates: Motile Forms

Definitions

Protozoa are microorganisms consisting of a single cell.
They may be found in stools in their motile form
(trophozoites) or as cysts.

The trophozoites of protozoa are motile:

— either because of slow movements of the cell
(amoebae)

— or because they have rapidly moving flagella (long
whip-like threads) or cilia (numerous short hairs).

Protozoa in motile form are chiefly found in:

— fluid stools
— stools containing mucus
— soft unformed stools.

Classification

Without flagella or cilia AMOEBAE

With flageila FLAGELLATES
With cilia CILIATES

" Preparation of slides for examination
1. Examine only fresh stools {(maximum 1 hour old; amoebae become non-motile very quickly).

2. If you receive a number of stool specimens at once, begin by examining the most fluid specimens containing
mucus.

3. Take a portion from the outside of the stool where mucus appears.

4. Examine in a sodium chloride solution (reagent No. 45), warming slightly in low temperatures, or examine
directly if the stools are very liquid. Use the x 40 objective.

5. In iodine solution (reagent No. 36) the trophozoite forms become non-motile. The nucleus is clearly
stained but it may be difficult to distinguish between trophozoite and cystic forms.

6. 1f adrop of eosin, 20 g/l solution in saline (reagent No. 21) is added, the whole field becomes stained except for
the protozoa (particularly amoebae), which remain colourless and are thus easily recognized.
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List of intestinal protozoa

S'c:me inéestinal protozoa are pathogenic; others are less so or are harmless. All these parasites are found throughout
the world.

A. AMOEBAE

1. Entamoeba histolytica This amoeba, which may cause dysentery or abscesses, is the only amoeba that is
commonly pathogenic in man

2. Entamoeba coli Non-pathogenic, but very common
3. Other amoebae: Non-pathogenic. .
— Entamoeba hartmanni They are difficult to differentiate but differentiation is not really necessary; it is
— Endolimax nana enough to be able to distinguish them from E. histolytica.
— lodamoeba butschli
— Dientamoeba fragilis
B. FLAGELLATES
1. 'Giardia lamblia Pathogenic
2. Trichomonas hominis Non-pathogenic
3. Chilomastix mesnili Non-pathogenic.

C. CILIATES
1. Balantidium coli Pathogenic.

The chief problem for the laboratory, therefore is:

— the precise identification of: E. histolytica
G. lamblia
B. coli




Some features useful for the recognition of motile forms of intestinal protozoa

Nucleus
ue Pseudopodium

Ectoplasm

Endoplasm

Vacuole //’/

Inclusion bodies:
{a) red blood cells

Inclusion bodies:
{b) bacteria, yeast cells,
debris

Nuclear membrane (chromatin)

Nuclear /
karyosome

Flagellum

" Undulating membrane -

T
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A. AMOEBAE

1. Entamoeba histolytica {dysentery amoeba)

Size
Shape
Mol_‘ility

Cytoplasm

Nucleus

varies from 12 to 35 um (usually as long as
3 or 4 red blood cells)

when moving, elongated and changing;
when not moving, round

moves in one direction, a pseudopodium
pushes forward and the endoplasm flows
quite rapidly into it

the ectoplasm is transparent, quite
different from the fine granular texture of
the endoplasm (greyish, shot with
yellowish-green), which may contain
vacuoles

not visible in the motile form, but when
stained with iodine solution clearly seen to
have a regular membrane and a small dense
central karyosome (a black dot).

Two motile forms of E. histolytica can be found in
liquid or diarrhoeal faeces:

{a) the magna form, measuring 20-35 um, with
vacuoles containing mare cor less digested red blood
cells (1 to 20 of different sizes) indicating haemato-
phagous (blood-eating) activity and so pathogenic
capability;

{b) the minuta form, non-pathogenic, thriving in the
intestinal cavity, where it eats bacteria or other local
material that can be seen inside the vacuoles;
measures 12-20 um.

2. Entamoeba coli

Size
Shape
Motility
Cytaplasm
Inclusion

bodies

Nucleus

20-40 um (usually bigger than E..
histolytica)

oval or elongated, rather irregular

often non-motile or moving very slowly,
putting out blunt pseudopodia in all
directions, gropingly

both the ectoplasm and the endoplasm
granular and difficult to differentiate

numerous and varied (bacteria, yeast cells,
dell;ris of all sorts), but never red blood
cells

visible in the fresh state, without staining.
The membrane is irregular and granular
(like a bead necklace), the karyosome large
and eccentric.




Dysentery amoeba Amoeba of the colon
Entamoeba histolytica Entamoeba coli

Motion In a definite direction Haphazard

Motility Fairly motile Non-motile or barely motile

Ectoplasm Transparent, quite different from Little or no differentiation from
the endoplasm the endoplasm

Inclusion bodies Red blood cells if haematophagous Bacteria, yeast cells and various

debris, no red blood cells

Nucleus invisible Visible {nuclear membrane like a
{fresh state) bead necklace)

Nucleus Regular membrane Irregular membrane

(after staining Smali dense central karyosome Large eccentric karyosome

with iodine solution)

Entamoeba histolytica Entamoeba coli

(stained with iodine solution)
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3. Other Amoebae

Entamoeba hartmanni

Size small, always less than 10 um (about the size
of a red blood cell)

All characteristics similar to those of E. histolytica but
never contains red blood cells. There may be distinct
vacuoles.

Endolimax nana

Size small, 6-10um ) )

Motility many small rounded pseudopodia moving
slowly in all directions

Cytoplasm very granutar with small vacuoles

Inclusion

bodies various (mainly bacteria)

Nucleus (iodine solution) karyasome like an
ink-spot.

lodamoeba butschii

Size medium-sized, 10-15um

Shape compact, leaf-like

Motility very slow; clear, rounded or finger-shaped
pseudopodia

Inclusion

bodies bacteria, large vacuoles

Nucleus (iodine solution) a large oval karyosome
next to a group of granules.

1. butschli amoebae are rarely seen in stools.

Dientamoeba fragilis

Size small, round, 6-15um

Motility either non-motile (most often), or very
motile (in very fresh fluid staols), with
pseudopodia like the blades of an electric
fan; quickly becomes non-motile under the

coverslip
Cytopilasm clear ectoplasm
Inclusion
bodies bacteria

Nucleus (iogiil:\e solution} 1 or 2 nuclei; karyosomes
sgl_l';lu;to 4-6 granules (membrane hardly
visible).




B. FLAGELLATES

All these parasites, with the exception of Trichomonas
hominis, can appear in an active flagellate vegetative
form or as inactive cysts. The cysts are described on
page 158).

1. Giardia lamblia (the longest flagellate)

Size 10-18 um (size of 2 red blood cells)
Shape  rather elongated:
front view: like a pear
side view: spoon-shaped
Motility either moves forward in little rapid jerks in a
definite direction, sometimes turning in a
loop {fluid stools), or hardly motile
Content 2 large oval nuclei, faintly visible.

Important:

— the characteristic movement is seen only in fresh
liquid stools

—~ flakes of mucus in fluid stools oft:n contain clusters
of G. lamblia in large numbers

— the vegetative and cystic forms of G. Jamblia are
often found together in soft stools.

2. Trichomonas hominis

Size 10-15 um (slightly smaller than G.
lamblia)

Shape oval with 2 pointed poles

Motility whirls and turns in all directions, seeming
to vibrate

Undulating

membrane. present on one side only; extremely motile
(a rapid wavy movement)

Nucleus 1 nucleus, difficult to see

Flagella usually 4.

Trichomonas is the most resistant flagellate. It remains
motile even in old stools.
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3. Chilomastix mesnili

Size: 10-15um
Shaze: triangular and tapered at one end, looking
twisted

Modiity moves in one definite direction, in a spiral
Cytoplasm qgreyish-green with:

— towards the tapered end: a distinct
spiral marking, around which the
flagellate turns (figure-of-eight)

~ near the rounded end: a mouth-like
cleft (faintly visible cytostome)

Nucleus one nucleus, easily visible in unstained
preparations.

i

C. CILIATES

1. Balantidium coli (rare)

Size very large — 50 um (often as big as or bigger
than a roundworm eqg)

Shape oval, with one pole more rounded than the
other, transparent

Cilia covered with many small cilia, which move
with rapid strokes

Motility  moves very rapidly in stools, crossing the
field in a definite direction and sometimes
turning in circles

_ Nucleus a large kidney-shaped nucleus next to a small
round nucleus

“Mouth’” the cytostome: a sort of mouth that contracts
and expands, drawing in debris.

Important: If stools are left exposed to the air, without a lid, organisms of the infusoria type may fall on to them
from the atmosphere. These look rather like Balantidium coli.




7. Amoebae, Flagellates and Ciliates: Cysts

Cysts are the small round non-motile resistant forms of certain intestinal protozoa (see page 147 for motile forms).
Cysts may have one or several nuclei.

importance of cysts

(a) Clinical importance
The clinical importance of cysts varies from country to country. The essential thing is to be able to find and
recognize cysts of Entamoeba histolytica, Giardia lamblia and Balantidium coli, although their presence in the
stools is of less immediate significance than the presence of the vegetative forms. Healthy persons may be
carriers of cysts.

{b)} /mportance for public health
The cyst is the infective form. Carriers of cysts, therefore, are a public health hazard. Detection of cysts may
also be of epidemiological value.

Stools containing cysts
Cysts are usually found in both soft and hard stools.

Slide examination

1. Preparation in sodium chloride solution (reagent
No. 45)
Cysts can be seen as transparent refractile globules
standing out clearly against the grey background.
They have well-defined shells.

2. Preparation in iodine solution (reagent No. 36
diluted 5 times)
The nuclei become stained. Examine under the x 40
objective.

3. Counting the nuclei
Turn the fine adjustment screw of the microscope.

4. [ldentification
It is never enough to recognize a single cyst; identi-
fication depends on the observation of severa/ in
succession,

5. Concentration
If necessary; use the formaldehyde-ether concen-
tration method (see page-165) to examine a larger
number of cysts for surer identification.

Cysts of several different species may be found in the
same stool specification,
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Some features useful for the recognition of cysts of intestinal protozoa

Cyloplésm

Nuclei

Nuclear membrane
{chromatin)

Regular, thin Irregular, coarse
chromatin chromatin

Karyasome

Small central Large eccentric
karyosome karyosome

Chromatoid body
(refractile)

Rounded chromatoid Sharp serrated
body chromatoid body

Glycogen vacuole
{turnad reddish-brown
by iodine solution)

Fibrils (vestiges of flagella)
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CYSTS OF AMOEBAE

Entamoeba histolytica
This amoeba causes dysentery.

Size 12-15 um (1%-2 red blood cells)

Shape round

Nuclei 1-4 nuclei:

— membrane thin, regular, circular

— karyosome small compact, central {like

a black dot)

Cytoplasm (iodine solution) yello: vnsh—grey and

granular; looks “dirty’’

Chromatoid

bodies oblong, rounded at ends (sausage-shaped); ;

not found in all cysts

Vacuole sometimes a large glycogen vacuole (stamed:
reddish-brown by iodine solution) in young:

cysts with 1 or 2 nuclei. '

Cysts of other amoebae that do not cause disease

Identification difficult. The main thing is to differen-
tiate between them and the cysts of E. histolytica.

1. Entamoeba coli
Size 12-20 um (2-2% red blood cells; a little

larger than the cyst of E. histolytica)
Shape round or slightly oval, sometimes irregular
Nuclei 1-8 nuclei:

— membrane irregular, thick in parts, not
a perfect circle

— karyosome large, diffuse, often
eccentric

Cytoplasm (iodine solution) pale yellow, bright (as

compared with E. histolytica)

Chromatoid

bodies sharp or jagged ends (dagger-shaped or

needle-shaped); not found in all cysts

Vacuole sometimes a very large vacuole (stained

brownish-red by iodine solution) com-

pressing two nuclei, one at either pole.

2. Entamoeba hartmanni

Size small cyst, 4-8 um (% to same diameter as
red blood celf)
Nuclei 1-4, identical with those of E. histolytica.

167




3. Endolimax nana

Size quite small, 8-10 um
Shape more or less oval
Nuclei 1-4

— membrane: cannot be seen

— karyosome: large, irregular outline
Cytoplasm clear, without granules; turned deep

yellow by iodine solution.

4. lodamoeba butschli

Size small cyst, 8-10um

Shape varies (round, oval or irregular)

Nucleus almost always a single nucleus
— membrane: cannot be seen
— karyosome: very large, oval, pressed

against a cluster of granules

Vacuole a very large glycogen vacuole {stained
brownish-red by iodine solution, hence the
name /odamoeba), often taking up half of
the cyst.

5. Dientamoeba fragilis
Not found in cyst form.

CYSTS OF FLAGELLATES AND CILIATES

1. Giardia lamblia

Size 8-12um

Shape oval, ore pole more rounded than the other

Shell often appears to be a thick shell with a
double wall; in fact, the second wall is the
membrane of the cytoplasm

Nuclei 2-4 oval nuclei:
— membrane: very fine
— karyosome: small, central, faintly

coloured

Cytoplasm clear, refractile when unstained, pale
yellowish-green or bluish in iodine solution

Fibrit refractile, hair-like line, folded in two or S-
shaped, placed lengthwise in the centre of
the cyst (adjust microscope).

2. Chilomastix mesnili

Size small cyst, 6-8 um
Shape round, one pole tapered (like a pear)
Nucleus  asingle, large nucleus:
-~ membrane: clearly seen, thick in parts
— karyosome: small and central
Fibril twisted, like a curled hair.




3. Balantidium coli

Size very large cyst, 50-70 um (the size of a
roundworm egg)

Shape round

Shell thin, double wall

Nuclei 1 large kidney-shaped nucleus
1 small nucleus like a thick dot beside the
large nucleus

Cytoplasm granular, greenish, filled with inclusion
bodies.

Often the ciliated, organized and slightly motile
Balantidium trophozoite can be seen faintly inside.

Conclusion
It is most important to be able to identify:

— cysts of ENTAMOEBA HISTOLYTICA
— cystsof GIARDIA LAMBLIA
— and cysts of BALANTIDIUM COL .
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ARTIFACTS* NOT TO BE MISTAKEN FOR CYSTS

1. Blastocystis

Size varies from 5 to 20 um (average 10 um)

Shape round or oval, sometimes with angular
irregular edges

Content one large vacuole taking up almost the whole
cell; the compressed cytoplasm forms a
granular ring round it

Colour very refractile when unstained; the vacuole
is not stained by iodine solution, but the
periphery is pale yellow.

Some physicians request that the presence of
Blastocystis be reported, particularly in children’s
stools.

2. Yeasts

Size small {5-8 um)

Shape oval, often with buds

Content often an eccentric cluster of 3-6 small
granules

Colour (iodine solution) brownish red.

Some related forms of yeast are rectangular, with a very
clear oval cytoplasm inside: arthrospores.

3. Leukocytes

Size 10-20 um
Shape round or slightly elongated, with an irregular
outline
Contert refractile cytoplasm, clear and granular with
‘ tiny vacuoles
Nucleus  indistinct, sometimes with a star-shaped
“false karyosome'’,

* Artifact: other things, living or artificial, present in the stool
that are not parasites and could mislead the labaratory worker.




4. Pus .

Pus can be seen by the naked eye as opaque, greyish
streaks (not transparent like mucus). Under the micro-
scope it appears as a mass of more or less degenerate
leukocytes (report its presence).

5. Coccidia

These are protozoa that may be parasites of man
(without causing any significant pathogenic effects) or
may be found in transit in the stools following the
consumption of infected food (fish, rabbit, etc.). They
appear in the stools in a form resembling cysts (called
oocysts or sporocysts).

Size 15-20 um, depending on the species

Shape an elongated oval, sometimes tapered at one
pole

Colour colourless and transparent {(or occasionally
pale yellow

Shell .  aquite distinct, slightly refractile double
line; sometimes a sort of operculum at one
pole

Content three types:

(a) 4 sporozoites (small banana-shaped rods),
each containing a small round nucleus; some-
times a few large granules massed at one pole
{b) one large round granular cell

{c) refractile granules completely filling the
interior.
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8. Choice of Method for Concentration of Parasites

Advantages of concentration

Concentration of parasites, sometimes called the “enrichment technique’’, makes it possible to:
— examine a greater quantity of stools in less volume
— detect parasites present in very small numbers.

. Important:

JA direct microscopical examination of stools must always be made before preparing a concentration. (Motile forms
| of protozoa are not found in concentrated preparations.)

TECHNIQUES

Three different concentration techniques are described:
1. Willis sodium chloride solution technique

2. Formaldehyde-ether or MIF technique

3. Harada-Mori technique for Strongyloides larvae

The appropriate technique is chosen according to:

(a) the equipment available

{b) the parasites sought

(c) the time available

(d) other considerations (such as cost-benefit factors in surveys).




9. 'Concentration Method using Sodium Chloride Solution (Willis)

Recommended for:

Eggs of hookworm, roundworm, H. nana, Taenia,
whipworm (best method for detecting the presence of
hookworm).

Not suitable for:

Eggs of flukes and schistosomes, larvae of threadworm,
protozoa.

Principle

The stools are mixed with a saturated solution of
sodium chloride (increasing the specific gravity). The
eggs are lighter in weight and float to the surface, where
they can be collected.

MATERIALS

10 ml (penicillin) bottles
Wooden applicators

Glass coverslips

Ethanol

Ether

Petri dish

Willis solution (reagent No. 58).

L I S I

METHOD

Preparation of grease-free coverslips

(a) Mix in cylmder
— 10 ml 95% ethanol and 10 mi ether

(b) Pour into a Petri dish and in it place 30 coverslips,
one by one; shake and leave for 10 minutes

{c) Take the covershps out one by one and dry them
with gauze

{d) Keep them in a dry Petri dish.

1. . Place a'portion of stool, approximately 2 mi (2 cm?),
in a penicillin bottle. Quarter-foll tl*e bottle with
Willis solution.
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2. Using an applicator, crush the portion of stool and
mix it well with the solution. Then fill the bottle to
the top with Willis solution. The suspension should
be completely uniform.

3. Place a coverslip carefully over the mouth of the
bottle.

4. Check that the coverslip is in contact with fhe
liquid, with no air bubbles. Leave for 10 minutes.

5. Remove the coverslip with care; a drop of liquid
should remain on it.

Piace the coverslip on a slide and examine under the
microscope at once, for the praparation dries very
quickly. Otherwise seal the coverslip with petroleum
jelly {Vaseline) and wax.

Use the fine adjustment of the microscope to examine
every object visible in the field {for eggs tend to stick to
the coverslip and are not immediately distinct).




10. Cohc‘entration Method using Formaldehyde-ether or MIF

Recommended for: : Not suitable for:
All eggs and larvae, and especially cysts of protozoa. Motile forms of amoebae and flagellates.
MATERIALS

Electric centrifuge

15 ml conical centrifuge tubes with stoppers
Penicillin bottles —
Funnel )
Gauze

Graduated cylinder
Cotton wool swab.

L 4o1s
REAGENTS
Formaldehyde solution (reagent No. 26) @
Pure ether (if unavailable, ordinary petrol (gasoline) v

Irrrrr oot xRN —mrrere el

Sodium chloride solution (reagent No. 45)
Lugol iodine solution (reagent No. 36)
MIF (reagent No. 39), if available.

FORMALDEHYDE-ETHER METHOD

1. Take about 2 ml (2 cm3) of stool. Crush and mix it
in about 10 ml (10 cm?) of sodium chioride
solution.

2. Filter through two layers of gauze into a centrifuge
tube graduated with 10 ml and 13 mi marks.

.. Centrifuge for one minute at medium speed. Pour
off the supernatant fluid. If the supernatant fluid is o)

very cloudy, wash the deposit again, i.e., mix it with '

10 ml of sodium chloride solution, centrifuge for

one minute at medium speed and pour off the super-

natant fluid.
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4. Add 10 ml of formaldehyde solution (reagent No.
26) to the deposit (up to the 10 mi mark).

5. Stir the mixture well and let it stand for 5 minutes.

6. Add 3ml ether or petrol (up to the 13 ml mark).
Important: make sure there is no open flame in the
laboratory.

7. Stopper the tube. Turn it on its side and shake
vigorously for 30 seconds.

8. Remove the stopper carefully. Centrifuge for one
minute at low speed.
“There will be four layers in the tube:
— 1stiayer: ether
2nd layer: debris
3rd layer: formaldehyde solution
4th layer: the deposit, containing the eggs and
<o oYStS OF parasites,
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9. Free the layer of debris by rotating the tip of a
wooden applicator between it and the sides of the
tube. Tilt the tube and pour off all the supernatant
fluid. Use a cotton swab to remove any debris
adhering to the side of the tube.

10. Mix the remaining fluid well with the deposit by
tapping the tube gently.

11. Place two drops of the deposit on a slide. Add a
small drop of iodine solution to the second drop of
deposit only.

12. Place coverslips over both dreps.
Examine under the microscope.

Preparation 1 {unstained): use x 10 x 40 objectives
(eggs, larvae?).

Preparation 2 (stained): use x 40 {cysts?).

Stools received in formaldehyde preservative:
Follow the same method, but in step 1 use distilled water instead of sodium chloride solution,

'METHOD USING MIF

Follow the same steps as for the formaldehyde-ether method, but replace the 10 ml of 10% formaldehyde solution
- with 10ml of MIF. Then continue, adding 3 ml of ether, etc.

-This is'an excellent method of preserving the vegetative forms of amoebae, but the reagent is expensive.
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11 “Ctyincemkra‘ii'dn Method for Strohgyloides larvae (Harada-Mori)

Principle

Strongyloides larvae in stools migrate against the current of capillary water that rises in a paper strip that is
partiaily submerged in a test-tube, and they accumulate at the bottom of the tube.

MATERIALS

— Test-tubes (20 x 200 mm)
— Strips of filter paper {30 x 150 mm)
~ Spatula.

TECHNIQUE
(a) With the spatula spread a small quantity of faecal specimen along a strip of filter paper (previously folded
lengthwise to keep it straight} but leave the last 4 or 5cm clean to be put into water.

{b) Put-the strip of filter paper, clean end first, into a test-tube containing filtered or boiled water 2.5 to 3cm deep;
the bottom of the strip should not touch the bottom of the tube.

{c) Record the serial number or name of the patient indelibly on the tube.

(d) Keep:the tube for 7-8 days at laboratory temperature with a cotton stopper or, preferably, sealed with
cellophane tape.

{e) Look for the larvae at the bottom of the tube and examine them, after treatment with iodine solution, to
differentiate Strongy/oides from hookworm larvae (see next page).

Note: Strongyloides larvae can attain the infective stage in these conditions {producing filariform larvae) or can become adult worms.




LARVAE FOUND IN STOOLS

The larvae most commonly found in stools are those of Strongyloides (threadworm). Oceasionally those of

Ancylostoma (hookworm) are found.

— Threadworm larvae: in both fresh and old stools.
— Hookworm larvae: in old stools (24-48 hours) only.

The difference between them can be seen under the microscope after staining with iodine solution.

LARVAE

THREADWORM HOOKWORM
length 200-300u 200-300 1
breadth 15u 15u
oesophagus (0) two two

swellings* swellings*
mouth (M) short: 4u long 15u

(% red cell) (2 red cells)
posterior slightly very
end tapered taperad
genital large and small
rudiment {GR) distinct (22 ) (7u)
anal pore 50u from 80u from
{AP) posterior end posterior end

*Larvae with two oesophageal swellings are called rhabditiform

larvae.

HOOKWORM

THREADWORM
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12. How to Record the Results of Stool Examinations

Example:
Mr Amala — Stool examination — 8.5.79.

The following details should be given when recording
the results of a stool examination:

1. Consistency of stools » | Soft, unformed stools
2. Abnormal features seen with the naked eye ——— | Flakes of mucus present
3. Parasites found by microscopic examination Presence of:

specifying:

— SPECIES .......ceisieseranntatiaeneranns Giardia lamblia

— stageofdevelopment ..................... Vegetative forms

— QUANTILY . ... ittt Numerous

1. CONSISTENCY OF STOOLS

They may be:

hard and dry

firm and formed
soft and formed
soft and unformed
semi-liquid (muddy)
liquid and watery.

2. ABNORMAL FEATURES

The following may be seen with the naked eye:

flakes of mucus (colourless slimy substance like phlegm)
mucous membranes

bloodstained mucus

streaks of pus :

blood superimposed on the stools, which then are red in parts.

Ed

3. PARASITES

Species worm eggs: give the common English name (together with the Latin name in the case of schistosomes,
flukes and tapeworms).
protozoa: give the scientific Latin name.
Scientific
name first name (the genus): write with a capital letter, e.g. Schistosoma.
o second name (the species): write with a small letter, e.g. mansoni.
- Stage  eggs, larvae, vegetative forms, worm segments, etc. When describing . histolytica, always specify
whether it contains ingested red blood cells.
Quantity occasional {1—2 eggs per slide); a few (3—5); a moderate number (6—12); many (more than 12).

If no parasites are found, state: “No ova or parasites seen”, and specify whether this result was obtained by direct
axamination-or by a concentration method (name method used). Never state categorically: “No parasites”’.




EXAMPLES OF REPORTS ON STOOL EXAMINATIONS

Mr A Stools hard and dry.
Few eggs of Trichuris trichiura found by direct examination.

Mr B Liquid stools, showing bloodstained mucus.
Moderate humber of vegetative forms of £. histolytica, a few eggs of hookworm.

Mr C Firm, formed stools.
Direct examination: no ova or parasites seen.

Mrs D Soft, unformed stools.
No ova or parasites seen by direct examination or after concentration (formaldehyde-ether method).

Mr E Semi-liquid, muddy stools.
A few larvae of Strongyloides stercoralis found by direct examination.

Mr F  Stools soft and formed, showing streaks of blood.
QOccasional eggs of schistosomes (S. mansoni) present.

Mrs G Firm, formed stools.
A few segments of Taenia saginata present.

Mr H Stool specimen received very small and dried-up.
Direct examination: no ova or parasites seen.
State of specimen made examination for vegetative forms of protozoa impossible.
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' MODEL STOOL EXAMINATION REPORT FORM

The technician ticks the appropriate word(s) and fills in the spaces.

PARASITOLOGICAL EXAMINATION OF STOOLS

SO g R L I R I
PatiBNt 0. . - o ottt vteece et Ward {(or outpatientdept.) . . . ... ... i i e

1
0T R LT L S U R I
APPEARANCE OF STOOLS
Hard dry Presence of:
Firm well-formed
Soft — pus
Semi-liquid — mucus
Liquid — bloodstained mucus

— fresh blood
— occult blood

MICROSCOPICAL EXAMINATION

No ova or parasites seen by direct examination
after concentration

(MEthod(s): . o v v ittt et et sttt et nasasnn

..............................................

Parasites present by direct examination . .. .. ......ccieuire et

In some countries the report forms include a list of the principal types of parasite that occur.

Parasites present: The technician checks the appropriate word(s) as follows

Eqggs of hookworm + (some eggs)

Eags of Ascaris ++ (eggs fairly numerous)

Eggs of H. nana +++ (eggs very numerous)

Eggs of S. mansoni E. histolytica {veg. form) (with/without ingested red cells)
Eqggs of Trichuris E. histolytica (cyst)




13. I/‘)yiépya‘tch‘ of Stools for Detection of Parasites

Stools may be sent to a specialized laboratory for the identification of rare parasites that are difficult to recognize.

Preservatives used:

1. 10% formaldehyde solution (reagent No. 26), for
wet mounting

2. MIF (reagent No. 39), for wet mounting

3. PVA (poly{vinyl alcohol)}, for permanent staining.

1. USING 10% FORMALDEHYDE SOLUTION

Prepare a mixture containing about 1 part of stool to
3 parts of formaldehyde solution.

Crush the stool thoroughly with a glass rod.

Preserves eggs and cysts of parasites.

Does not preserve vegetative forms of protozoa,
which are destroyed after a few
days.

Preserves specimens indefinitely if the bottle is tightly
closed.

2. USING MIF

Just before dispatch, mix in a tube or a small bottle:

— 4.7 ml of MIF solution
— 0.3ml of Lugol iodine solution (reagent No. 36).

Add a portion of stool, approximately 2 ml (2 cm?).
Crush well with a glass rod.

‘Preserves all forms of parasites, including vegetative
forms of amaebae (those of flagellates deteriorate
slightly),

Preserves specimens indefinitely.
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3. USING PVA
{(a) /n a bottle

1. Pour about 30 ml of PVA fixative into a bottle,
which should be three-quarters full.

2. Add enough fresh stools to fill the last quarter of
the bottle, which should now be full.

3. Break up the stools thoroughly with a glass rod.
Preserves all forms of parasites indefinitely.

(b) On aslide

1. To examine for amoebae and flagellates, place a

small portion of the stool on one end of the slide.

. Add to the stool:
— 3dropsof PVA.

. Spread carefully with a glass rod over about half of
the slide.

Leave to dry for 12 hours (preferably at 37 °C).
Slides can be kept for about 3 months.

They can be stained on arrival at the specialized
laboratory.




Principle
Oxygen is produced when the haemoglobin in blood
comes into contact with hydrogen peroxide. The

liberated oxygen reacts with aminophenazone (amino-
pyrine) to yield a blue colour.

MATERIALS AND REAGENTS

Centrifuge

Conical centrifuge tube

Applicators

20-mi measuring cylinder

Test-tubes

Hydrogen peroxide (fresh 10-vol. solution)
95% ethanol

Aminophenazone, crystalline.

METHOD

1.

Immediately before carrying out the test, prepare a
solution of aminophenazone:

— put about 0.25 g of aminophenazone in the
bottom of a test-tube
— add 5ml of 95% ethanol.

2. Putaportion of stool, approximately 4 ml (4 cm3),

in.a centrifuge tube.

- 3. Add7ml of distilled water to the stool and mix

~thoroughly.
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4. Centrifuge at a low speed for about 5 minutes, or
until the solids are precipitated (a hand-powered
centrifuge can be used).

5. Decant the supernatant fluid into another test-tube
and keep it.

6. Add to the test-tube containing the supernatant
"~ fluid, without mixing:

— 10 drops of 10% acetic acid
— 5ml of the aminophenazone solution.

To prevent mixing, add with the tip of the pipette
against the inside wall of the test tube.

7. Then add:

— 10 drops of the 10-vol. hydrogen peroxide
solution,

Do not mix.
Let stand for one minute,

Positive reaction

A blue colour appears between the two layers of
[iquid:

. = pale blu_é = positive reaction +

"+ = "dark blue = strong positive reaction ++

— blue-black = very strong positive reaction +++,
Negative reaction

No change.in.colour. .




PRECAUTIONS IN THE LABORATORY

The glassware used must be clean (no trace of blood).
The result must be read within 5 minutes.
Control tests may be set up:

— . negative: with distilled water
— positive: with water containing 1% blood.

PRECAUTIONS FOR THE PATIENT

For one day before the examination, the patient should not:

- eat any meat

— take any drug containing iron compounds
— brush his teeth vigorously.

Note: The benzidine test is no longer recommended because of the carcinogenic properties of that substance.
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15. Examination of Urine for Eggs of Schistosoma haematobium

..... . . .

The schistosome {bilharzia) worm, the cause of the vesical schistosomiasis found in Africa and the Middie
its eggs in the blood vessels of the bladder wall. The eggs pass into the urine, often accompanied by blood.

Direct examination (after centrifuging)
The urine is centrifuged and the deposit examined for eggs.

o S0 LI LARUe

MATERIALS

— Centrifuge and conical tube, 100, 200 and 1000 m!
cylinders

— Clearing agent: 10% sodium hydroxide (reagent No.
47)

— Preservatives: hydrochloric acid and commercial
bleach.

COLLECTION OF SPECIMEN

Collect the urine between 11 h and 17 h; a greater
concentration of eggs is found in the urine during this
period, particularly in the last drops.

Preliminary exercise

Just before the specimen is taken, ask the patient to
perform 20 rapid knee-bends, run 100 yards, or run up
and down the stairs several times {(this results in the
excretion of more eggs).

Preservation of urine

If there is any delay in examining the urine, add for
every 100 mi-of urine:

— 1 ml of hydrochloric acid (20 drops)
— 2 ml of commercial bleach (40 drops).

The urine can then be kept at room temperature
indefinitely.
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A. DIRECT EXAMINATION
Centrifuge the urine in conical tubes {10-15ml) for
5 minutes at low speed or with the hand centrifuge.

( if the urine is bloodstained, treat as described under
B below).

After centrifuging, discard the supernatant urine.

Mix the deposit evenly by drawing it up and blowing it
out with a dropping pipette.

Take a drop of the homogeneous deposit and place it
between a slide and coverslip. Examine under the x 10
objective.

Egg of Schistosoma haematobium

Size 120-150 um
Shape oval, with one well-rounded pole
Shell smooth, very thin

Terminal spine at one pole

Colour grey or pale yellow
Content abroad well-formed embryo with tiny cilia
around the edges.

The egg is often surrounded by a mass of leukacytes,
which may conceal the terminal spine. (See photograph
of egg on page 134).

Viability of eqgs

The viability of eggs can be determined only in fresh
untreated urine. The egg is viable if it is still “alive”’; if
S0, thepatient is still i_nfected with living worms,

. Examine the egg under the x 40 or x 100 cbjective {seal
- the preparation with melted wax). Observe whether the
embryo is moving slightly within the egg. If not, look

- for the flame cells: there are 4 of them, one at each
-corner-of the embryo. A continuous and rapid move-
:ment of the cilia in these cells can be detected, stirring

up the fluid in the egg. This shows that the egg is alive.
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B. BLOODSTAINED URINE

exlilic

if a lot of blood is present, examination is difficult since
the masses of red cells may conceal the eggs.

Add 5 drops of 10% sodium hydroxide (reagent No. 47)
to the centrifuge tube of urine. This will lyse {dissolve)
the red cells and leave the deposit clear. The eggs are
also atfected, but the shells remain recognizable.

Egg of Schistosoma mansoni

This may be found exceptionally in the urine. It has a
lateral spine: see description, page 135.

. EGG-COUNTING TECHNIQUE

Collect whole bladder content and take 10 ml of the well-shaken specimen.

Centrifuge for 3 minutes at medium speed in a graduated centrifuge tube.

Remove the supernatant fluid to the 0.2 ml mark.

. Mix the residue very well and transfer to a slide (with a graduated pipette) 0.1 ml of it.

. Count the eggs under the microscope, using a low-power scanning objective and the x 5-6 eyepiece.
. Multiply the result by 2 to obtain the egg concentration in 10 mt of urine.

Examination of rectal biopsy material

The physician may ask the laboratory to look for schistosome eggs in biopsy material taken from the rectum, The
physician performs rectal biopsies to diagnose different schistosome infections or as a follow-up to treatment.

Examine i a wet preparation.

Flatten a small fragment of the biopsy material between a siide and a coverslip.
Examine under the microscope (x 10 objective).

Schistosome eggs are easy to see and recognize.

Examination of rectal biopsy material is often useful for the detection of S. haematobium. A positive result may be
obtained when nothing is found in the urine.




| 16 Other Pardéiles Found; in Urine

Apart from schistosome eggs (see page 178}, found in Africa and the Middle East, parasites are rarely found in the
urine.

The following may be found in urine deposit after centrifuging:

1. Flagellated protozoa Trichomonas vaginalis
2. Microfilariae Wuchereria bancrofti and others
3. Spirochaetes Leptospira icterohaemorrhagiae

1. FLAGELLATED PROTOZOA

Trichomonas vaginalis

These protozoa are detected in genitourinary discharges
(see page 186).

They may, however, be found still motile and recogniz-
able in the deposit of fresh urine.

Size 15um

Shape round, globular

Motility whirls and turns, vibrates

Undulating

membrane like the fin of a fish, on one side, very
motile

Flagella 4 flagella.

2. MICROFILARIAE

Wuchereria bancrofti

Appearance of urine: milky, because chyle is present (it
comes from the damaged lymphatic vessels in a
condition called “chyluria’’). The microfilariae are still
motile (size: 200-300 um long, 8 um thick). They move
in regular curves. For description see page 212,

The sheath of the organism is visible in the urine.
Usually large numbers of leukocytes are also present.

Onchocerca volvulus

Very occasionally (in about 5-10% of cases), micro-
filariae of onchocerciasis pass into the urine.

They are found stil! motile.

Size: 200-300 zm long, 8 um thick.

Rigid curves. No sheath. The head is broader: see
description, page 218.

Identification can be confirmed by examining a
cutaneous smear in a wet preparation,
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Accidental blood microfilariae

Patients with schistosomiasis may also be infected with
filariae. The schistosome infection causes loss of blood
into the urine and the blood carries with it blood micro-
filariae such as W. bancrofti, Loa loa and D. perstans
(see description on pages 212 and 213).

A large number of red cells will be present.

3. SPIROCHAETES

Leptospira icterohaemorrhagiae

Leptospirosis is transmitted by rats. The disease is found
most frequently in Asia. If leptospirosis is suspected, the
urine deposit can be examined directly as a wet
preparation using darkground illumination, or as a
Giemsa-stained preparation.

Length - varies greatly; 10-20 um on average
Shape  spiral: 20-40 spirals; looks like a squashed
.. spring
Ends tapered, often hooked
Motility  undulates and rotates
Staining weakly Gram positive; stains better with
Giemsa stain.

Leptospira can be isolated by culture, using special
media.

Do not mistake for parasites:

Spermatozoa, which may be found still motile in the
deposit of fresh urine from males (see description on
page 329). ‘

Contamination of urine with stool:

If urine is contaminated with stoof, parasites which can
be found:in stool specimens may also be found in urine
deposits, IR

e




17. Eggs of Pulmonary Flukes; Other Parasites

World distribution of pulmonary flukes

. o C—— — s
- g - e ey -
— = T Pt a ©
o e W S e

PULMONARY FLUKE — Paragonimus westermani 1 . \

W 3‘: — e E'v
This flatworm, shaped like a coffee bean, attaches itself e _— =%
to the bronchi. The patient is infected by eating under- =] e = §L"::2AA
cooked river crabs. The sputum of infected patients is more
rust-brown. common - oS T *

Materials

Centrifuge

Conicat centrifuge tubes

Glass rod

inoculating loop

Slide

Coverslips

r‘ 3% solution of sodium hydroxide (reagent No. 46).

o
o =
1. Add to the sputum in its receptacle an equa/ iy ~8

quantity of 3% sodium hydroxide.

3 min

r
(r,;\\
i
S

~ 2. Mix well for 3 minutes.
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3. Pour all of the mixture into a centrifuge tube.

Centrifuge for 5 minutes at high speed.

Y

5 min

4, Pour off the supernatant fluid.

5. Remove a drop of the deposit with an inoculating

loop and place it on a slide. Examine between the
slide and a coverslip under the microscope (x 10 and
x 40 objectives).

Eggs of the pulmonary fluke

Size 100 um long

Shape oval, one side often slightly flattened

Colour golden brown

Opercidum (0) Hattened. with a visible rim, like a tiny

‘ hat placed on the egg

Shell smooth, with a marked thickening (T)
at the op‘gosite end to the operculum

Content clear central space surrounded by cells.

(see photograph of egg of the lung fluke, page 141)




OTHER PARASITES FOUND IN SPUTUM

Hydatid scolex

Patients infected with Echinacoccus granulosus
(tapeworm caught from dogs) may sometimes have a
hydatid cyst of the lung. |f the cyst runtures in the
bronchi, scolices will be found in the sputum, which
may be bloodstained.

Size about 150 um :

Shape round, irregular or oval, with one pole slightly
flattened

Content colourless and transparent, then fine
granules, but with a distinct ring of hooklets
{10-30 hooklets). '

Hydatid disease occurs in sheep-breeding areas: e.g..
Argentina, Australia, Chile, Egypt, New Zealand, No: th
Africa, Saudi Arabia, Uruguay.
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" 8. Trichomonas: Direct Examination of Genitourinary Discharge, etc.

Principle

Trichomonas vaginalis is a protozoon that can give rise 1o a genitourinary discharge {exudate), chiefly in women
but occasionally in men. It can be detected under the microscope in wet preparations.

The discharge is fairly clear and whitish or may be greenish grey, foamy or frothy.

MATERIALS

Glass slides

Coverslips . .

Warm (37 °C if possible) sodium chioride solution (reagent No. 45)
Inoculating loop.

)

COLLECTION OF SPECIMEN

Females: The discharge must be taken to the laboratory immediately after being collected (in a tube or on a slide}.

Best on a swab placed in sodium chloride solution in a test-tube; the trichomonas remains motile for some time
{usually several hours).

Males: Collect in the laboratory using the method described for gonococei (see page 243). Examine immediately.

METHOD / /7

1. Place a drop of the discharge on a slide.

2. Add a drop of lukewarm sodium chloride solution.
Mix and apply a coverslip.
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3. Make a large very thin smear of the discharge on
another slide.

4. Examine at once under x 10 objective

Look for tiny round transparent organisms, the size
of a white cell, moving rapidly in jerks and loops.

5. Examine using x 40 objective
to observe the trichomonas.

Size about 15um (10-20 um)
Shape round, globular
Motility whirls and turns, seeming to vibrate

Undulating membrane: like the fin of a fish, on one
side only; very motile {a rapid undulating
movement)

4 flagella: whip-like, very motile; the main
impression is one of movement.

Slide with smear

H nothing is found in the drop examined between the
slide and coverslip, stain the dry smear on the second
slide with Gram stain. Look for bacteria (gonococci?).
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Fungi
Found in thick white (occasionally yellow or colourless)
discharge. Using the x 40 objective, look for:

{(a) Yeasts

round or oval bodies
non-motile

varying in size (2-6 um)
some show buds.

{b) Mycelium filaments (accasionally)

— filaments with rounded ends
— varying in length (20-100 um)
— 2-4um in breadth.




' 19. Preparation of Thick Blood Film and Staining with Field Stain

Purpose

Detection of parasites in the blood

1. A drop of blood from the finger is placed on a slide, spread and dried.
2. ltisstained and examined under the microscope for the following:

— malaria parasites
microfilariae
— trypanosomes
— borreliae.

3. The thick film method makes it possiblé to find parasites:

— more quickly
— if there are only a few present.

Principle

1. During staining of the drop of dried blood, the haem(}globin in the red cells dissolves and is washed out by the
water in the staining solution.

. L e W )
Pt

Y

2. All that remain are:

— the parasites and
— the white cells

which can be seen under the microscope.

PREPARATION OF THICK FILM

Materials

— Clean glass slides (see cleaning procedures, page 31) /

— Sterile lancet —_ ="
— Methanol

— Cotton wool

Grease pencil.

- Pricking the finger
- 1. Find aspot: s
= _on the 3rd or 4th finger of the left hand

, — at the side of the finger, which is less sensitive
-+ than the tip, as shown,
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In babies under 6 months:
— prick the heel or big toe.

2. Clean the site:

— first with a cotton wool swab dipped in ethanol
— then with a second dry cotton wool swab or
pledget, to remove any ethanol remaining.

3. Prick the finger firmly and rapidly.

4, Wipei away the 1st drop of blood with dry cotton
wool.

5. With your right hand:
— take a slide, holding it by the edges.
With your left hand:

— press the finger to produce a drop of blood,
about this size: O




Preparing the film

6. Make a thick smear in the centre of the slide. Spread
the blaad with the corner of a clean slide to an even
ihickness; smears that are too thick or too thin will
not stain well.

A correct thickness enables the hands, but not the
figures, of a watch to be seen through the smear.

(A thin blood film may be usefutl if the identification
of a species of malaria parasite proves difficult. Spread
a thin film as described on page 387 ]

7. Label the end of the slide with the patient's number,
using a grease pencil. Leave the thick film to dry in
the air. A warm sunny bench is suitable, provided
the smear is protected from flies and dust. An
electric fan, if available, will speed up drying and
keep flies away.

Thin films should be dried in the air and
immediately fixed with methanol (methyl alcohol).

STAINING OF THICK BLOOD SMEARS USING FIELD RAPID STAINS

In many parts of the world Field stains A and B are used for thick blood smears, because:

— staining is rapid
— no dilution of the stains is necessary

— the stains can be used for several days (filter every two days; change when the results are no longer good)
— no buffered water is necessary; clean tap water can be used for washing the smears.

Diluted Giemsa stain, as used for thin films, can also be used for thick smears (see page 393).

Materials

— Field stain A (reagent No. 22A)
— Field stain B {reagent No, 22B)

— - Two containers of clean tap water
— ‘Draining rack.
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Method

1. Dip the dried thick smear into Field stain A:

— count up tc 10.

Drain the smear.
Wash in a container of tap water.

ey

A

2. Dip into a container of Field stain B:
— countup to 10.

Drain the smear.
Wash well in a container of clean tap water.

Note: The staining times may need altering.
If the smear is too blue:

— stain for a longer time with Field stain B.
If the smear is too pink-

— stain for a longer time with Field stain A,

3. Dry the smear in the air in a draining rack (with the

side with the smear facing down).

RESULTS

The smear should appear mauve. This will enable a malaria trophozoite to be recognized:

— the cytoplasm ring stains blue
— the chromatin dot stains dark red.

For species diagnosis see pages 200 and 201.
Also recognized in thick films:

— white cells, type and appropximate number
— nuclei of normoblasts, staining dark red

— reticulocvies, apoearing as circular areas of blue dots.
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20. Staining of Thick and Thin films with Giemsa Stain

Important :

For a leukocyte type number fraction (*differential leukocyte count”), films are best stained with May-Griinwald
and Giemsa stains (see page 393).

MATERIALS

10, 50 and 100 m! measuring cylinders
50 and 250 ml beakers

Staining troughs

Glass rod

Wash bottle

Slide forceps

Slide rack

Timer

Giemsa stain (reagent No. 28)
Methanol in a drop bottie

Buffered water (for preparation, see page 61).

METHOD for less than 10 smears.

Important:
Stain thick film preparations at once with diluted Giemsa.
First fix thin films for 2-3 minutes in methanol (see page 391).
1. Make a 1 in 10 dilution of Giemsa stain.

Example

Use 18 ml buffered water and 2 ml stain; this will be
sufficient for 4 smears. Increase the volume if more
smears are to be stained.

2. Mix gently with a glass rod.

3. Place the slides across 2 glass rods. Cover them with
diluted Giemsa stain.
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4,

Leave for 30 minutes.

(The staining time is given by the manufacturer: you
may wish to adjust it when you have used the
technique several times. If the film is too pale, the
staining time has not been long enough.)

Wash off the stain with buffered water. Do not tip
off the stain and then wash, as this will leave a
deposit of stain over the smear.

Drain off the water. Place the slides in a rack to dry.
Place them in a sloping position, the slides with the
stained films facing downwards to protect them
from dust in the air. Drying stained slides by
blotting them between sheets of filter paper is not
recommended.

METHOD for large numbers of smears

1.

Using forceps, pick up the slides cne by one and slot
them into the rack of the staining trough, ina Z
pattern.

(Thin films have first to be fixed for 2-3 minutes in
methanol.)

Make up sufficient stain to fill the staining trough.
Slowly fill the staining trough containing the slides.
Cover.

Leave for 30 minutes out of the sunlight.
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3. Remove the lid.

Slowly pour clean water from a beaker into the
trough, to remove the deposit on the surface of the
staining solution.

4. Gently pour off all the staining solution from the
trough.

In some laboratories with limited supplies the dilute
Giemsa is kept for reuse; if it is, it must be used on
the same day.

5. Fill the staining trough with buffered water.

6. Take out the slides one by one, using forceps.

Dip each slide in a beaker of ordinary water, gently
so that the stained preparation does not become
unstuck.

7. Drain the slides.

Place them in a rack to dry (the side with blood film
facing downwards).
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21. Identification of Malaria Parasites

The parasites that cause malaria are found in the blood;
part of their development takes place within the red
biood cells. Malaria parasites are detected in blood films
stained by Field or Giemsa stain.

PREPARATION OF BLOOD FILMS

1. When to collect the specimen

The parasites are usually most numerous in the
blood towards the end of an attack of fever.

Always collect the blood before antimalarial drugs
are given.

2. For individual patients

Prepare:

— 1slide with a thin blood film (see page 387) for
- the detailed examination of species if required,
and

— 1 slide with a thick film (see page 189) for the
detection of parasites. :

3. For mass surveys
Prepare:

— 1 slide only per person, with 1 thick film and
1 thin film on each.

4. Preservation of slides

Keeping slides more than 4 days before staining is
not recommended.

Field stain is recommended for smears stained
straight away and Giemsa stain for smears to be
stained after a few days.

STAINING
Fixatian

Prior to staining, fix thin films only in methanol.
Take care not to let the alcohol touch the thick film.

(See staining techniques, pages 191 and 393).




VIDENTIFICATION OF MALARIA PARASITES

1 or more nuclei containing red chromatin
MALARIA PARASITE

{stained) blue cytoplasm

occasional granules of black or brown pigment

. the infected red blood cell {pink)

STAGES OF DEVELOPMENT Parasites found in the blood are at different stages of development

—— nucleus
0\

young form {:‘ —— thin ring
Earliest stage with of cytoplasm
1. Trophozoite 1 nucleus living inside
the red cell

adult
more compact or amoeboid
cytoplasm cytoplasm
nuclei often arranged in a circie
Mature trophozoite forming a rosette
with nucleus
2. Schizont divided into 8—24

nuclei. ~
Fills most of the each nucleus enclosed by some cytoplasm, forming
red cell a merozoite

Sexual form with one
3. Gametacyte large compact and round
or elongated nucleus

male female
gametocyte gametocyte

Some parasites have granules
Pigment of pigment in their cytoplasm;
others do not

with without
pigment pigment
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INFECTED RED CELLS'

In thin films

The infected red cells may remain the same, may have changed colour or shape, or may contain pink spots
(Schiffner’s dots).

unchanged more deeply enlarged oval cell with cell showing
red ceil stained cell red cell red cell jagged edoes stippling (clefts
or dots)

M
p N .
.*-'._., parasite
- e

V. T schiiffner's
= dots

Ir sick films
The red cells have practically disappeared.

The pink Schiiffner’s dots can still be seen around the
parasite.

The leukocytes remain unchanged.

white blood
— cell

PARASITE DENSITY

This is the number of parasites counted in each microscopical field.
It usually varies according to species and it might therefore be useful to consider the density in the thick film.
it is important to report the parasite density (see page 203).

high derisity: medium density: low density:
20 {or more) parasites 219 parasites 1 {or less) parasite
per field per field per field




PARASITE SPECIES

There are 4 different species of human malaria parasite.

Plasmodium falciparum
Plasmodium malariae
Plasraodium ovale
Plasmodium vivax

It is important for the prognosis and treatment of the
disease that the species invoived be identifiad in the
laboratory. However, if you cannot identify the species,
always report the presence of any malaria parasites you
see,

For example:

Malaria caused by P. falciparum is much more
serious than malaria caused by P. malariae and
sometimes causes death,

If not properly treated, however, a P. malariae
infection can last much longer than a
P. falciparum infection.

A patient can harbour more than one species of malaria
parasite at the same time.

For example:

Plasmodium falciparum and
Plasmodium malariae

Plasmodium falciparum and
Plasmodium vivax

GEOGRAPHICAL DISTRIBUTION

P. falciparum P. malariae P. ovale P, vivax
North Africa Common Common - Predominant -
West Africa Predominant Not common Common Very rare
Central Africa Predominant Common Rare Very rare
East Africa Predominant Common Rare Rare
Madagascar, Indian Ocean Predominant Common Rare Not common
Middle America Common Rare - Common
South America Common Rare - Predominant
South West Asia Common Not common - Predominant
India to Indochina Predomiiiant Not conimon - Common
Indonesia Predominant Not seinmon Rare Common
Pacific Islands Commion Not common Rare Common
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IDENTIFICATIO.I OF THE FOUR SPECIES OF MALARIA

PLASMODIUM FALCIPARUM PLASMODIUM MALARIAE
= o NS
0O | (Stage frequently found) 5 (Stage frequently found)
% 8 Cytoplasm: small fine pale blue ¢ Cytoplasm: thick, dense, blue ring
g L | ring with some granules of black pigment
8 Chromatin: 1 or 2 small red dots Q Chromatin: 1 large red dot @
i ¢
w <P
— | (Stage frequently found) & (Stage frequently found)
w=
o« 8 Cytaplasm: rather thin blue ring, @ Cytoplasm: either {1) round,
20 | orshaped like a comma or compact, dark blue, with many black
l—
< L | exclamation mark @ particles of pigment, or {2) in band
= 8 Chromatin: 1 or 2 medium-sized ‘\. form {in thin films only)
| red dots 4 Chromatin: a round dot or a red
band
(Fairly frequently found) Q“?a
o
(Very rare) v freq v $.: *
e Hardl f in blood fil Merozoites: 8-10 )8 A
o ardly ever found in blood films Each one a large red spot enclosed &ric
N | (exceptin very serious cases) by pale cytoplasm; the 8 spots may
5 Merozoites: 18-32 be arranged irregularly (young form) N
& . ) or in a rosette @B
Pigment:  dark brownish-black . @ v
Pigment: always seen ® '&
{Fairly frequently found) (Fairly frequently found)
E Shape: like a banana or sickle Shape: large, oval or rounded
> Colour: blue (male) or dense blue Colour: dense blue {female) or
3 (female) pale blue (male)
E Nucleus: reddish-pink Nucleus: 1 round spot qf red m
Z Pigment: a few blue-black granules ggrzmatm against one p ;fy///ﬂﬂ’m
4] in the centre of the cyto- 9 f:%// i ’,1?/////;1’!
plasm or scattered Pigment: \arge black granules in the ’z,{’;/‘/ /ff ity
through it cytoplasm ///m
Normal in size
a9 | May show crenation cells containing Normal in size and shape
g o | mature tropht_)zoites; o.fter_l contain a No red dots usually seen
© | few red dots, irregular in size and
shape
u
te
2 & | often very high density Low density
=8
<3

* The parasite density in any area depends mainly on whether the malaria is seasonal or endemic. Adults, especially, build up
immunity in endemic areas and the parasite density is often low.




PARASITES IN BLOOD FILMS

: ldentity of P._ ovale
PLASMODIUM VIVAX PLASMODIUM OVALE ™t be confirmed
y examination of
; a thin blood film

w .
(96': (Stage frequently found) /
% (ND Cytoplasm: irregular blue quite o Cytoplasm: regular dense blue ring
oF thick ring ' Chromatin: 1 medium-sized red dot
> 8 Chromatin: 1 rather large red dot
@
wl
w = (Not frequently found) Cytoplasm: round, compact, very
@« 8 Cytoplasm: large, blue, irregular blue with a few particies of brown
l:_’ g (sometimes divided into 2, 3 or 4); pigment
< small particies of brownish-arange .
Eé pigment Chromatin: 1 large red dot
b= | Chromatin: 1 red dot

SCHIZONT

{(Quite frequently found)

Merozoites: 12-18 large compact
red granules seen against the pale
blue cytoplasm

Merozoites: 8-14 large red granules Qg &

in a rosette, round a central mass of 155
particles of brown pigment L Tyet

GAMETOCYTE

(Freqhently found)

Female: oval or rounded, dense
blue

A dense red triangular nucleus,
often at one end; many particles
of orange pigment in the cytoplasm

Male: rounded, pale blue

A round central pale red nucleus;
some-particles of orange pigment
in the cytoplasm

Shape: large, oval or round, dense
blue

Nucleus: 1 round red spot

Pigment: a few brown particles in
the cytoplasm

Differentiated from:
— P. vivax by its brown pigment

— P. malariae by the presence of
Schiiffner dots

RED CELLS

Enlarged, often pale-staining
Schiiffner dots, especially around
mature trophozoites

May appear oval with jagged ends R
Easily seen large red James dots w0 e,

PARASITE
GENSITY

Medium density

Medium density
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T‘COM’PAR!SON OF INFECTED CELLS IN THE THIN BLOOD FILM

P. falciparum

P. malariae

P. vivax

- P. ovale

SIZE
of young
trophozoite in
comparison Q @
with diameter
of red cell R
(at the same
stage of
development) 1/5t0 1/3 1/4 t0 2/3 1/4 to 2/3 1/4 to 2/3
of diameter of diameter, but of diameter of diameter
often band form seen
APPEARANCE
of infected
red cell
Remains unchanged
or becomes smaller
and sometimes Enlarged and Enlarged, oval,
Remains more deeply often pale- with torn
unchanged coloured staining jagged edges
DOTS
in the
infected
red cell’
\®) g
Small pink, Large James dots
Often none* None Schiffner dots always present
STAGES
found Trophozoites
or gametocytes
or both All forms found All forms All forms
together; many in the same film found in the found in the
trophozoites same film same film
~can be found
= in one cell
NOTE:

Appearance of monacytes (in malaria cases of long duration):

— the cytoplasm often contains brown or greenish-black bodies (siderophils).
Appearance of malaria parasites following injection of an antimalarial drug:

- the parasites stain poorly and look distorted and indistinct.

* In some red cells infected with adult trophozoites of P. falciparum a few fairly large pink granules called “Maurer clefts’ can be found.




REPORTING RESULTS

Paositive result
Specify:

1. The species of parasites found
2. The stage of development of the parasite
3. The parasite density*.

Example
Examination for malaria parasites positive.

— many trophozoites

l — Plasmodium falciparum
— a few gametocytes.

|¢f : Negative result
i State: no parasites feund. -

Important: Do not mistake piatelets superimposed
upon red cells for malaria parasites (for piatelets, see
page 351).

*When the parasites are very numerous (very high parasite density), the patient requires urgent treatment. Therefore, if you find a
high parasite density, state the result clearly in your report and send it without delay to the physician.
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22. Blood Microfilariae: Examination of Wet Preparation, Concentration T

Principle

Capillary blood

Mix = fresh smear of capillary blood from the finger with sodium chloride solution, place between a slide and
coverslip, and examine for motile microfilariae under the microscope.

Venous blood

The microfilariae can also be concentrated using venous blood.

A. EXAMINATION OF CAPILLARY BLOOD

The examination should be carried out at the right time of day.
Some species of microfilariae appear in the blood at night only, others only during the day.

Species When to take a specimen® Part of world
W. bancrofti At night (between 22 h and 4 h} Tropical Africa, Asia, Middle
and South America, {ndian Ocean
W. bancrofti Any time Pacific Ocean
(var. pacifica)
B. malayi Mainly at night (between 22 h and 4 h) | Asia
Loaloa During the day (between 10h and 16 h) West and Central Africa
Doubtfully pathogenic
filariae:
— D. perstans Any time Tropical Africa
— M. ozzardi Any time Tropical America
I *These periods are not invariable.
Materials
— Blood lancet
— Cotton wool swabs
— Slide
— Coverslip

— Sodium chioride solution (reagent No. 45)




5. Prepare 2 thick films on another slide using 2 drops
more of blood, for the identification of stained
microfilariae (see page 189).

Examine the fresh smear systematically under the
microscope (x 10 objective with reduced condenser
aperture).

The first sign of the presence of microfilariae is
rapid movement among the red cells.

Micrcfilariae in fresh blood smears
Microfilariae are identified in stained smears. It is possible, however, to gain some indication from a fresh sinear:
— of the species seen and its pathagenicity.

Pathogenic Doubtful pathogenicity

Thickness: usually 6-8 um Thickness: usually 4 um

: (diameter of a red cell) (% the diameter of a red cell)
. Length: usually 250-300 um Length: usually 150 um

(% the field in the diagram) (% of the field in the diagram)
! W. bancrofti, Loa loa, B. malayi D. perstans, M. ozzardi

|5

6. Identify the species of microfilariae by staining the
preparation, see page 209.




B. EXAMINATION OF VENOUS BLOOD
CONCENTRATION FOLLOWING HAEMOLYSIS

Materials

— 5ml syringe

— Needles for venepuncture

— Anticoagulant: 2% trisodium citrate solution
{reagent No. 53)

— 2% formaldehyde solution

Centrifuge

— Conical centrifuge tubes.

Method

1. Collect 4 mi of venous blood.
Expel into a bottle containing 1 ml of citrate
solution.
Mix.

2. Measure into a conical centrifuge tube:
— 10 ml 2% formaldehyde solution
Add:

— 1ml of citrated blood.

Mix. Wait 5 minutes for the red cells to haemolyse.

3. Centrifuge for 5 minutes at high speed.
Pour off the supernatant fluid.
Tap the tube to mix the deposit.

4. Place 1 drop of the deposit on a slide.
Spread the drop to form a thin smear.
Leave to dry in the air.

Leave to dry for 2 minutes.

The microfilariae stain well {for identification, see
pages 212 and 213).

Fix the smear using ether and ethanol in equal parts.

Stain immediately with Giemsa stain {see page 193).
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C. TECHNIQUE USING A MICROHAEMATOCRIT
CENTRIFUGE

Collect venous blood from the patient into a citrated
bottle as shown above, or take 2 drops of capillary
blood from the finger and mix with 1 drop of 2%
trisodium citrate solution.

1. Three-quarters fill a microhaematocrit capillary tube
with the citrated blood. Seal one end of the tube
with plastic modelling clay or by heating.

2. Centrifuge in a microhaematocrit centrifuge at high
speed for 2 minutes.

3. Lay the capillary tube on a slide and secure the 2
ends with adhesive tape.

Examine the dividing line between the blood cells and
the plasma under the microscope, using the x 10
objective with reduced condenser aperture.

Motile microfilariae will be seen at the bottom of the
column of plasma, just above the layer of white cells.

The tube can be snapped at this point, With the 1st drop
from each piece of the broken tube, a thick film can be
prepared, Stain with Giemsa to identify the species.




23. Blood Microfilariae: Staining and Identification

Principle
Microfilariae must be stained before they can be identified with certainty.

MATERIALS — REAGENT

Blood lancets

Slides

Sodium chloride solution (reagent No. 45)
Staining trough

Dropping pipette

Beakers

10 ml measuring cylinder

Giemsa stain.

A. THICK FILM

Take 1 drop of capillary blood at the right time of day
(see table, page 204).
Make a thick smear as described on page 189).

B. REMOVAL OF HAEMOGLOBIN

{a) Place the slides vertically in the staining trough filled
with clean water (if no trough is available, use a
beaker).

{b) Leave for 10 minutes (the haemoglobin sinks
gradually to the bottom).

{c) Take the slides out and drain them.

C. STAINING WITH GIEMSA STAIN

Stain for 30 minutes using a 1 in 10 dilution of Giemsa,
as described on page 193.




D. MICROSCOPICAL EXAMINATION

(a) Cover the stained smear with a thin film of
immersion oil.

{b) Look for microfilariae using the x 10 objective: they
shouid stand out well.

(c) Examine the microfilariae found with the x 100 oil-
immersion cbjective.

E. IDENTIFICATION: SOME USEFUL
CHARACTERISTICS

Study in order of importance:

(a) The size of the microfilaria:

— its length (in relation to the field)

— its thickness (in relation to the leukocytes)
— as thick as 1 white cell {1)

— as thick as % a white cell {2).

{b) The sheath of the microfilaria

in the diagram opposite the sheath of the micro-
filaria.is present in (3) and absent in (4). The sheath
may be stained red by Giemsa stain or remain
colourless, depending on the species.

(/Important: the sheath is sometimes torn and difficult
to see. Positive identification cannot be based on this
characteristic alone.)

{c) The curves of the microfilaria
There are several types of curve:

— large curves (5)
—~ many small curves {6)
— few.small curves (7),




(d) The tail of the microfilaria and its nuclei
The following features may be seen:

nuclei extending to the tip of the tail (8) or
not (9)

a tapered tail (10)

a rounded tail (11)

a hooked tail (12).

(e} The nuclei in the body
These stzin purple with Giemsa stain. They may be:

well separated (13)
overiapping (14).
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IDENTIFICATION OF MICROFILARIAE

Wuchereria bancrofti Loa loa
| Tropical Africa Central Africa
; Wh Asia West Africa (from
ere Tropical America Nigeria to Gabon)

Indian Ocean
Pacific Ocean

When At night* During the day
Length 200-300 um 250-300um

8um 8um

(about 1 leukocyte® *) (about 1 leukocyte)
Thickness E l

Pink sheath Almast colourless sheath
Sheath

Regular, large Irregular, small

Body

curves M L‘Sk

No nuclei at end*** Nuclei right to tip

Tail
Rather straight
tapered tail : Curved tapered tail
1
Large round nuclei
Bady Round medium-sized crowded together and
nuclei nuclei, well separated overlapping

*Except var. pacifica: any time.
**In thick films the leukocytes always shrink and measure 8-11um.
***The tail is sometimes broken or coiled, giving a false impression that there are nuclei right to the tip.

R




STAINED WITH GIEMSA STAIN

‘

Dipetalonema perstans Brugia malayi Mansonella ozzardi
Tropical Africa Asia Central America
South America South America
Any time Chiefly at night Any time
150-200 um 220-250um 150-200 um
4um 6 um 4um

(% leukocyte) (almost 1 leukocyte) (%2 leukocyte)

js

E

No sheath

Very pink sheath

No sheath

’ g g
(g € (= 50,8
Regular, look like Small, irregular Few and smail
loops in string and many
) PR
D) S
Double row of nuclei 2 widely spaced 1 row of nuclei
right to the tip nuclei at the end extending almost to
of tail tip

m

Straight tail with
rounded tip

Curved very
tapered tail

s

Straight tapered
tail

Small nuclei squeezed
together; indistinct
{plaited appearance)

Small angular
nuclei, squeezed
together and not
very distinct

Small round nuclei
packed closely in a
double or triple row
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SOME POINTS TO REMEMBER WHEN IDENTIFYING MICROFILARIAE

Identification of species can be difficult and experience has shown that mistakes are frequently made. Nevertheless,
if a systematic study is made of a// the characteristics mentioned, it should be possible to identify with certainty
the species observed. The identification must not be based on a single characteristic but on all the features taken

together.

Examples of some mistakes

1.

The tail

if the tail of W. bancrofti is broken or folded over, it
appears to have nuclei extending to the tip like Loa
loa.

The sheath

The sheath is sometimes torn or aimost colourless.
in Loa loa, for example, it is seen only as a colour-
less space between the tail and the blood cells.

Size

Some D. perstans are very long (200 um); and some
W. bancrofti and Loa loa are small (250 um).

The curves

I1f damaged when the film is being made, W.
bancrofti may appear twisted and Loa /oa may show
a few curves.

. Geographical distribution

Always bear in mind where the patient comes from.
If he is from:

— The 2aire river basin, Eastern Nigeria or
Cameroon, the parasite is probably Loa /oa

— Senegal, Ghana, the West Indies or India, the
parasite is probably W. bancrofti

— Thailand, the parasite is probably B. malayi

— Guyana, the parasite is probably M. ozzard).

Thin films

identification of microfilariae in stained thin films is
not recommended; the microfilariae are shrunken,
distorted and difficult to recognize.




24. Onchocerciasis: Examination for Skin Microfilariae

Onchocerciasis (river blindness) is a parasitic disease
caused by the worm Onchocerca volvulus. The male and
female worms live in the subcutaneous tissues of man,
massed in nodules. The female worms lay larvae (the
microfilariae) that migrate under the skin.
Onchocerciasis is prevalent in tropical Africa and in
parts of Arabia and Middle and South America. It is
transmitted by a small blackfly, Simulium.

Laboratory examination

A very small piece of the patient’s skin is collected. To
see the highly motile microfilariae, it is examined as a
wet preparation between a slide and coverslip under the
microscope.

MATERIALS

— Needle (for intramuscular injection 22-gauge
(0.7 mm) x 40 mm or for subcutaneous injection
22-gauge x 25 mm)

— Scalpel or razor blade

Sodium chloride solution (reagent No. 45)

Slides, coverslips

— Ethanol.

WHERE TO COLLECT THE SPECIMEN

(a) Patients with nodules
Look for nodules:

on the chest (over the ribs)
.on the hips

on the legs (tibia) ,
'on the back (shoulder-blades).

~The nodules are round and hard, 1-5cm in
diameter; when pushed with the fingertips they
- slide about under the skin, Take the specimen from
*- the'skin in the centre of the nodule,

I |
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(b} Patients without nodules
Take the skin specimen from:

— the top of the buttocks (the upper outer part
where intramusculai injections are given).

If the examination gives a negative result, take
specimens from:

— the calf (upper outer part)
— the back (centre of shoulder-blade).

It is recommended that 6 specimens (2 from buttocks,
2 from calves, 2 from shoulder-blades) be examined
before reporting a negative result.

COLLECT!'ON OF SPECIMEN

(a) Preparations

1. Flame the scalpel (or razor blade) and the needle
with ethanol.

2. Place one drop of sodium chioride solution on a
slide.

3. Disinfect the chosen area with a gauze pad dipped in
ethanol.

(b) Method

1. Using your left hand, pierce the skin with the poiat
of the needle to a depth of 2 or 3mm.

2. Pull the skin away from the flesh with the point of
the needle.
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3. Place the cutting edge of the scaipel or razor blade
on the stretched skin above the point of the needle
(using your right hand).

4. Cut with a quick stroke the piece of skin pulled up
by the point of the needle, as close to the needle as
possible. The specimen should be about this size: ®,
(2-3mm)
It should remain attached to the tip of the needle.
The specimen should not be bloodstained; the
biopsy must be bloodless.

5. Place the fragment of skin in the drop of sodium
chloride solution on the slide {using the scalpel or
razor blade if necessary). Do not flatten the piece of
skin; if only one microfilaria is present, it might be
damaged.

=)
—
£~
= 6. Cover with a coverslip. If any part of the specimen
is _not_in contact with the liquid, add more solution, -
injecting it under the coverslip with a Pasteur —
pipette, until the whole area underneath the cover- g
slip is wet. '
3min

7. Wai_t 2-3 minutes. Meanwhile, clean the spot from
which the specimen was taken with ethanol. Apply
an adhesive dressing.
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MICROSCOPIC EXAMINATION

Use the x 10 objective with reduced condenser aperture.
Examine the edges of the piece of skin. The micro-
filariae are seen struggling out towards the water. They
are highly motile.

Length 200-300 um

Breadth 8um (1 red blood cell)
Curvature

of the body rather angular
Frontend slightly broader

Tail curved and tapered.

When the specimen contains very few microfilariae, wait
10 minutes.

If no microfilariae emerge, look inside the piece of skin;
by looking through it a microfilaria may be seen
moving.

PROCEDURE FOR OBTAINING A STAINED
SPECIMEN

A smear is made on a slide by crushing the skin
specimen. It is fixed using methanol and stained with
Giemsa stain (see page 193).

The microfilaria of Onchocerca volvulus shows the
following features:

it has no sheath

its front end is broad

the body shows rigid curves

the tail tapers gradually and ends in a sharp curve
it contains large oval nuclei, elongated and stained
blue-black; they are well separated and do not
extend to the tip of the tail.

ANOTHER MICROFILARIA FOUND IN SKIN
BIOPSIES

Dipetalonema streptocerca

'I:his quite rare worm may not be pathogenic. |ts micro-
filaria is found in the skin and shows the following
features:

— itis less broad (5 um: % red blood cell)

— it is slightly shorter (200 um)

— the front end is not broadened

— the tail ends in a rounded crook

— the nuclei are smaller and reach the tip of the 1ail.

IN CASE OF DOUBT
1. Examine a fresh blood specimen taken from the finger between a slide and coverslip to look for blood micro-
filariae (see page 205).

2. If the examination is positive, make a stained skin smear and a stained thick blood film (see page 193) to
identify the species,
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COLLECTION OF SPECIMENS IN THE FIELD

If no microscope is available, or during mass
epidemiological surveys:

. Place the piece of skin in a small penicillin bottle
containing 2 ml of sodium chloride solution.

2. Wait 15 minutes for the microfilariae to leave the

sin,

3. When the 15 minutes are up, fix by adding 2 ml of

10% formaldehyde solution (reagent No. 26). Mix
and replace the cap on the bottle. Preservation time:
several months.

. When you return to the laboratory, shake the bottle
well.

Centrifuge the liquid (after removing the piece of
skin) at medium speed (or use a hand-powered
centrifuge).

Examine the deposit in the centrifuge tube between
a slide and a coverslip under the microscope.

The dead microfilariae are clearly visible unstained,
with their characteristic angular curves.

Microfilariae sometimes mi
‘instrument.

MICROFILARIAE OF THE EYE '

grate to the eye, where they can be detected by an ophthalmologist using a special
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25. Trypanosomes: Detection in the Blood, Concentration

Principle
Trypanosomes are detected in the blood:

— in wet preparations
— in thick films after staining
— following concentration by repeated centrifuging.

Trypanosomes can be found in the blood of patients:
— with African trypanosomiasis (sleeping sickness)

—~ with South American trypanosomiasis (Chagas’ disease)

Important:

In African trypanosomiasis trypanosomes appear in the
blood at intervals for a period of a few days, mainly
during the first 3 months of the disease and especially
during bouts of fever,

A. DIRECT EXAMINATION

MATERIALS

Blood lancet

Ethanol

Slides

Coverslips

Sodium chloride solution (reagent No. 45)
Giemsa stain

Buffered or neutral water

Filter paper.

METHOD

1. After sterilizing the pad of the 3rd finger, prick with
the blood lancet. Wipe away the 1st drop of blood

with filter paper. Collect 2 drops of blood:

— 1 drop on one slide
— 1 drop on a second slide.

2. Collect 2 drops of blood on a strip of filter paper.
Leave to dry.

3. . On the 1st slide, place:

— 1 drop of sodium chloride solution beside the
drop of blood

Mix, using the corner of a coverslip. Cover with the

coverslip.
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4. On the other slide:

— spread the blood to make a thick film (see
technigue, page 189).

5. Examine the 1st slide with the wet preparation
under the microscope, using the x 40 objective and
reducing the condenser aperture.

Examine the edges of the smear first.
Look for movement among the red cells; the

trypanosome displaces them with its flagellum as it
moves forward. :

Make sure that it is a trypanosome:

Length 15-25um (2-3 red cells)

Breadth 3 um (% red cell)

Shape like an elongated fish

Motility moves rapidly, advancing and contracting
like a snake, and has an undulfating
membrane extending from a motile
flagellum at the anterior end.

Do not confuse with a microfilaria, which is much
bigger (100-300 um, as long as 10-40 red cells).
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6. Examination of thick films

Thick films must always be examined, even if the examination of the wet preparation seems positive, to make
sure that the motile organism seen is in fact a trypanosome. Stain with Geimsa stain (see page 193), or with
Field stain (see page 191).

Description of stained trypanosome
(T. gambiense or T. rhodesiense}*

Length 15-25 um {1-2 leukocytes)

Cytoplasm pale blue

Nucleus large central nucleus, stained reddish-
purple

Granules 1 compact red body at the posterior

end: the kinetoplast (K)
Undulating
membrane (M) reddish-pink, starting at the kinetoplast
Flagellum (F) pink, extending 5 um beyond the
undulating membrane.

*T. gambiense (West and Central Africa} and 7. rhodesiense (East Africa) are identical in appearance.

S .
7. Ifthe examination is negative:

— repeat the tests for up to 7 days.

Send the dried drop of blood on the strip of filter
paper to an immunological reference laboratory for
testing for immunogiobulin M (IgM) and FAT
antibodies.
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B. CONCENTRATION METHOD USING VENOUS
BLOOD

Examination after centrifuging 3 times
Materials

Electric centrifuge

Conical centrifuge tubes

Pasteur pipette

3.8% trisodium citrate solution {reagent No. 54).

P

1. Take a conical centrifuge tube with a 10 m! mark.
Measure into it:

— 1 ml of citrate solution.

2. Collect:
— 9 ml of venous blood,
and add it to the citrate (i.e., up to the 10 ml mark).

3. Mix and immediately centrifuge at medium speed
for 3 minutes.

4. Draw off all the supernatant plasma and the layer of
leukocytes above the red cell deposit.

Expel this supernatant liquid into another tube
(tube 2). Centrifuge at medium speed for 5 minutes,
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5. Draw off all the supernatant fluid (but keep the
deposit of tube 2).

Expel the supernatant fluid into a third tube
(tube 3).

Centrifuge at high speed for 10 minutes.

6. Examine the deposits of tubes 2 and 3 betwr:en a _
slide and coverslip under the microscope. i

The trypanosomes will appear in the deposit from
tube 3 (and occasionally in that of tube Z).

Microfilariae will be found in th2 deposit ‘rom
tube 2.

Microhaematocrit centrifuge method

If a microhaematocrit centrifuge is available, anticoagulated venous or capillary blood can be collected into a
microhaematocrit capillary tube. The method of collection and examination is as for microfilariae given on page
208. Motile trypanosomes, if present, can be found in the piasma just above the layer of leukocytes. Movement can
first be detected using the x 10 objective with reduced condenser aperture, and the trypanosomes can be seen more
clearly using the x 40 objective.

Other examinations for trypanosomiasis
African trypanosomiasis is also diagnosed in the laboratory by:

{a) examination for trypanosomes in lymph node fluid (see page 226)

(b) testing dried blood collected on filter paper for IgM and antibodies (see method of collection, page 287)
(c) immediate inoculation of the patient’s heparinized blood into rats or mice (in specialized laboratories)
(d) examination for trypanosomes in the CSF (see page 347).




~ €. SOUTH AMERICAN TRYPANOSOMIASIS: CHAGAS' DISEASE

Chagas’ disease, which occurs in Middle and South America, is caused by Trypanosoma cruzi and is transmitted by
bugs. Another trypanosome, 7. rangeli, can be found infecting man in almost the same areas. Although it is not
pathogenic, it must be identified and distinguished from 7. cruz/ for the diagnosis of Chagas’ disease.

Importani:

Motile trypanosomes are found in the blood during the acute phase of the disease, and rarely thereafter. During the
chronic stage the diagnosis is based essentially on immunological methods.

Examination techniques

The trypanosomes that cause Chagas’ disease are difficult to find in the blood. The same techniques are used as for
African trypanosomiasis.

Examination of wet preparations (rarely positive during the chronic stage of the disease).
Examination of thick films repeated several days in succession.

Triple centrifuging and microhaematocrit centrifuge technique if possible.

Detection of antibodies {complement fixation test).

PN =

Appearance of Trypanosoma cruzi
Description of stained T. cruzi:

Shape Broad forms "“C"*-shaped; also slender
forms, generally *S”-shaped

. Length about 15 um in broad forms and 20 um in
slender forms

Cytoplasm pale blue

Nucleus large, central and red

Kinetoplast large and round granule, dark red or purple,
near the posterior extremity

Undulating

membrane narrow, reddish-pink

Flagellum pink, extending beyond the undulating
membrane

Appearance of Trypanosoma rangeli
Description of stained 7. rangeli

Shape Only slender forms, with tapering
extremities

Length 25-35um

Nucleus red, near the central part of the cell body

Kinetoplast small, like a dark red dot, far away from

: the posterior extremity

Undulating
. “membrane - visible, narrow
_Flagellum - extending beyond the undulating
S membrane.




26. Trypanosomes: Examination of Lymph Node Fluid

African human trypanosomiasis

In cases of African human trypanosomiasis (also called “‘sleeping sickness’’), trypanosomes are found in the lymph
glands (in T. garnbiense infections) in the early stages, i.e., 2-3 weeks after injection of the parasites by the tsetse
fly (Glossina). They disappear from the glands within 2-6 months.

Principle of examination

A drop of fluid from the iymph node is collected with a needle. It is examined at once as a wet preparation
between a slide and coverslip. The trypanosomes, which are motile flagellate protozoa, are easily seen under the
microscope.

2B

MATERIALS

— Needle (for subcutaneous injection), 25-gauge
(0.5 mm) x 16 mm

— 5 or 10ml syringe (both syringe and needle must be
perfectly dry)

— Slides

— Coverslips

— Tincture of iodine

— Sodium chloride solution (reagent No. 45).

FINDING A LYMPH GLAND

Lymph nodes are found among the cervical glands of
the neck. Feel both right and left sides of the neck,
from the base of the neck up to the ear.

Affected glands are swollen and form a round lump
2-4cm across. They are elastic and slide under the skin,
offering little resistance to pressure. They do not
become hard (except in chronic cases).




COLLECTION OF SPECIMEN

Preparations
Prenare the svrinage
b dviidiabindiogd / &

possible.
Prepare 3 slides, putting a drop of sodium chloride

solution on each.

Wash your hands with soap.
Have the patient sit down.

TU Lifw pALIwEIL GIL WY

nulling the
, putling the

1. Disinfect the chosen site on the neck with tincture
of iadine.*

Take the gland between the thumb and index finger
of the left hand.

Hold it steady, at the same time making it stand out.

*lodine must be washed off with ethanol to prevent burns.
Disinfectants such as thiomersal can be used.

2. Introduce the needle at right angies into the centre
of the gland, in two stages:

— first pierce the skin
— then penetrate the gland.

{Make sure that you avoid the jugular veins and
arteries.)

3. With your left hand:
— gently knead the gland.
With your right hand:
— revolve the needle in both directions.

The glandular fluid will ooze into the needle. The
operation should last about 1% minutes.

)

4. Withdraw the needle in one rapid movement,
holding your thumb over the hub. Then apply a
swab dipped in tincture of iodine to the point of
entry.

(Never apply the iodine swab before withdrawing the needle,
for some disinfectant:might get on to the tip-of the needie,
make its way into the fluid from the gland and make the
‘trypanosomes non-motile).

If the gland is hardened, draw up the glanduiar fluid

~«+ directly into a syringe.
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Preparation of slides
1. Attach the syringe (piston pulled back) to the

needle.

Place the point of the needle in the drop of sodium
chloride solution on the first slide. Push the piston
gently half way down the barrel to discharge the
glandular fluid contained in the needle on to the
slide.

2. Repeat the procedure with the second slide, pushing

the piston to the end of the barrel to discharge the
rest of the fluid.

3. For the third slide draw the drop of sodium chloride

solution up into the needle. Force it out and

aspirate it several times to rinse the needle

gloroughly and cotlect the last traces of glandular
uid.

Cover each of the 3 preparations with a coverslip.
Examine at once under the microscope {x 40
objective).

Wait until the convection currents stop.

Begin by examining the periphery of the
preparation, near the edges of the coverslip, towards

whi,ch the trypanosomes tend to make their way.

Ihen examihe, the rest of the preparation, repeating
the nprocedure with the other two slides.
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The preparation will contain red blood cells, feukocytes
and lymph cells. If any movement is detected between
the different cells, look very carefully to see if it is
caused by a trypanosome. The organism is about 20 um
long and is often hidden by the cellular elements, which
are disturbed by its flagellum as it moves.

The trypanosome

Size 15-25 pm (2-3 times as long as a red
blood cell)

Shape like a long undulating fish

Appearance (in wet preparations) clear, very refractile.

Flagel/lum and undulating membrane

In wet preparations, it is chiefly the movements of the
flagellum located at the front of the trypanosome that
can be seen. The trypanosome weaves among the
cellular elements, following a zigzag course.
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STAINED SMEARS OF GLANDULAR FLUID

If the specimen is collected in the field and no micro-
scope is available, make a large thin smear using the
corner of a slide.

Leave to dry. Fix with methanol. On return to the
laboratory, stain the smears with Giemsa stain
(see page 193). A description of trypanosomes in
stained preparations is given on page 222.

MICROFILARIAE IN GLANDULAR FLUID

These cannot be confused with trypanosomes as they
are much larger (100-300 um), They may be micro-
filariae of the blood (see page 204) or they may be
sl;:\dricrofilariae {see page 215) picked up by the
needle.




B BACTERIOLOGY

Introduction -

Direct examination of bacterial smears is generally not sufficient to identify a bacterial species; precise identi-
fication can only be obtained by culture. This shows the importance of collecting and dispatching specimens to
referral laboratories. Nevertheless, direct microscopical examination of stained smears is an efficient way of
studying the presence of bacteria in biological fluids that are normally sterile, such as cerebrospinal fluid (CSF) and
pleural fluid, and in specimens from other sources. It may provide information of great value for the diagnosis,
immediate treatment and control of the disease. For example:

— in specimens from cases of male urethritis at an early stage gonococcal infection can be diagnosed with
reasonable certainty (in females it is much more difficult)

— direct microscopy is believed to be the most practical and effective technique for the detection of
infectious cases of tuberculosis, and it is therefore of high epidemiological importance

— microscopical examination of stained smears and of spinal fluid and study of the morphology of any

bacteria present may assist in identifying meningitis {meningococcal, pneumococcal or M. tuberculosis
meningitis). ‘

The diagnosis of some diseases is also possible through serology; an example is syphilis. Serological techniques are
also important for seroepidemiological surveillance.
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27. Preparation of Smears. Fixation

Principle
The ;iample to be examined (pus, sputum, urine centrifugate, cerebrospinal fluid, etc.) is treated as follows:
—~ itis spread in a thin layer on a glass slide

— itis dried completely
— it is fixed on the slide by heating before being stained.

MATERIALS ey

Inoculating loop: this is a metal wire (usually made of
nickel-chromium alloy) fixed on to a handle and bent D0

into a loop at the other end.
Make the loop with forceps, taking care that it is
centred.

The actual size of the loop should be as follows: —2
2mm

Glass slides: clean with an ethanol-ether mixture and
wipe with gauze. :

Bunsen burner.

PREPARATION OF SMEAR

1. Flame the loop until it is red-hot:

— hold the loop just above the blue part of the
flame

— hold the instrument as nearly vertical as
possible.

Allow to cool {count to 20).

2. Take a portion of the specimen to be examined for
Fus,_gy placing the loop f/at on the surface of the
iquid.
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3. Place the loop on the slide and press slightly flat and
in the centre (the slide should be numbered).

. Still holding it flat against the slide, move the loop in
an oval spiral, outwards from the centre.

Leave a space between the specimen and each of the
4 sides of the slide.

L et the slide dry completely in the air.

5. Flame the loop again until it is red-hot to destroy
any bacteria.

Unmarked smears are sometimes received in the
iaboratory from outside sources.

To find out on which side of an unmarked slide the
smear has been made:

— turn the slide so that it reflects the light from
the window

— the side without the smear will shine

— the side with the smear will not reflect the light.

FIXATION

Check that the smear is completely air-dried.

- Pass the slide through the flame of a Bunsen burner,

with the smear uppermost. Pass it through the flame
three times.

Allow to cool before staining.




It is sometimes useful to draw a circle around the smear
with a grease pencil, so that it can be seen more easily.

Staining of fixed smears

Gram stain, see page 235.
Ziehl-Neelsen, see page 249.
Reading of stained direct smears, see page 238.




28. Gram Staining

Advantages

Gram staining makes it possible to classify bacteria into
two groups:

— Gram positive stained dark purple
— Gram negative stained pink.

This makes identification easier.

GRAM STAINING REAGENTS

Modified Hucker crystal violet (reagent No. 15)
Gram iodine solution {reagent No. 31)

95% ethanol

Safranine solution {reagent No. 42)

Tap water.

TECHNIQUE
Fix the smear and allow to cool.

1. Crystal violet — 1 minute
Pour the crystal violet on to the slide.
Cover the slide completely.
Leave for 1 minute.
Rinse with tap water and drain.

2. Gram iodine safution — 1 minute

Flood the slide with Gram iodine solution and let it
stand for 1 minute.

Drain off the solution and rinse with tap water.

3. 95% ethanol — 1 minute
Cover the slide completely.
Leave for 1 minute.

Flood with water and drain.
Look at the smear:

- if violet patches remain, treat again with ethanol
for 15 to 30 seconds.

Rinse well with water and drain.




4. Safranine solution — 10 seconds
Leave an the slide for 10 seconds.
Wash briefly with tap water at once.
Drain and allow to dry in the air.

WHAT TO LOOK FOR

Bacteria — stained deep violet: Gram positive, e.g.
staphylococci, streptococci, micrococci, pneumococci,
enterocacci, diphtheria bacilli, anthrax bacilli.

Bacteria — stained pink: Gram negative, €.g. gonococci,
meningococci, coliform bacilli, shigellae, saimonellae,
cholera vibrios.

See page 238 for direct examination for bacteria. .

PRINCIPLE OF THE STAINING REACTION

1. The violet colour stains all bacteria deep violet.

Gram negative
bacteria

q

Gram positive
bacteria

®
<y

%
o
-

\J

¢

. lodine solution fixes the violet colour more or less
strongly in the bacteria.

4

o,
60'
8

L°

Q
. 95% ethanol: ‘y
— Decolorizes certain bacteria when the violet (%369
stain is not strongly fixed by iodine solution 949
— Does not decolorize other bacteria when the C\Q o
violet stain is strongly fixed by iodine solution. <~
0....

. “Safranine solution (pink):

— Re-stains (pink) the bacteria discoloured by
ethanol

— Has no effect on the other bacteria, which
remain dark violet.

: 236;3  i




SOURCES OF ERROR A

A Talse Gram positive reaction may accbr because:
— the smear was fixed before it was dry

— the smear was too thick

— there was sediment in the bottle of crystal violet
(filter before using)

— the Gram iodine solution was not thoroughly
drained off

— the ethanol was not left long enough

— the safranine solution was too strong or left on the
slide too long.

A false Gram negative reaction may occur because:

— the Gram iodine solution was not left long enough

— the ethanol was left on too long and not washed off
properly.
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microscopically or in culture are bacteria and that is why the examination is called a “bacteriological examination”.
Other types or germ (rickettsiae, viruses, etc.) are looked for in specialized laboratories.

A distinction is made between the following:
Pathogenic bacreria*

Germs are very small microorganisms {0.5-5 um; 10 um at the most). Most of those you will look for either , |
These can cause disease. They are found in the body

they are infecting and detected by laboratory

examination.

Non-pathogenic bacteria

These are harmless and exist in countless numbers in
nature. Some multiply normally in man without
affecting his health and are known as ‘‘saprophytes”’.

HOW BACTERIA ARE DETECTED IN THE
LABORATORY

1. By direct microscopical examination of smears (of
specimens of pus, urine, sputum, skin, CSF, nose
or throat) made on slides and stained (by Gram or
Ziehl-Neelsen stains).

2. By bacterial culture:

— on solid culture media (agar in a Petri dish or
test-tube) -
— in liguid media (tubes of broth).

Culftures are essential to determine the exact identity of
bacteria and, more particularly, to determine whether
the organisms found in the specimen are pathogenic or
non-pathogenic, Biochemical, serological {agglutination)
and-other tests are used to identify the organisms
cultured.

Never fail to send specimens to a more specialized
laboratory for culture whenever necessary (for dispatch
of specimens see pages 268 and 273).

*Note: Obligatory and facultative pathogens. Obligatory pathogens are those that always cause disease (e.g. tubercle bacilli).
Facultative pathogens are harmless in certain areas of the bady (e.qg. coliform bacilli, a normal saprophyte of the intestine) but can
..cause disease when they invade other areas (the coliform bacillus may infect the urinary tract).
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Value of direct examination

Direct examinations are most useful in obtaining an indication of the type of arganism involved or, in some cases,
in establishing a diagnosis of the disease {tuberculosis, leprosy, gonorrhoea, etc.).

For this purpose, it is essential to give a detailed description of the organisms seen as well as of any other elements
present {leukocytes, red blood cells, epithelial cells, etc.) (see page 242).

VARIOUS GROUPS OF BACTERIA SEEN UNDER
THE MICROSCOPE
{DIRECT EXAMINATION BY GRAM STAIN)

1. Gram positive cocci — rounded shape
May be arranged:

— in clusters (staphylococci)
— in chains (streptococci) i
— in pairs L o
— in fours, etc.

& #
2

Found in pus, urine, blood and other specimens.

2. Gram negative diplococci — rounded shape in pairs a
May:
— be shaped like coffze beans
— cluster in the cytoplasm of the leukocyte. “ 0

Found in urethral pus {gonococci) and the CSF 9
{meningococci). ¢

There are other Gram negative diplococci that are
generally non-pathogenic. They may be seen in
throat swabs or sputum specimens.

3. Gram positive bacilli — rod-shaped 0 {
(a) Gram positive bacilli — with spores Oi “
Long and thick and may have square ends {anthrax) . p
or rounded ends (tetanus, saprophytes). The spore 0 ‘

appears as a large uncoloured area inside the bacillus
as it does not stain with Gram stain.
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(b)

Gram positive baciili — without spores

Usually small and variable in shape; the ends may be
swollen and be arranged in rows or like letters.
Found in throat specimens, blood, skin, etc.
(diphtheria, diphtheroids, Listeria).

4. Gram negative bacilli %% O e@&
Variable in size, ends rounded or pointed. May be %é &
large and straight {coliform bacilli), comma-shaped
{vibrio) or short and fat (Proteus). This group
includes many species.

Q“g A8 ?'3 vl %‘a
O'%n °.\%
P 9°
5. Gram negative coccobacilli

Quite variable in shape, not as round as cocci but
not as long as normal bacilli (plague, Haemophilus).
Found in a variety of body specimens,

(a)

Yeasts and actinomycetes

Yeasts

Vary in size but are larger than bacteria. May be
seen in process of budding. Usually present as
contaminants but sometimes pathogenic {(genital
discharge, sputum, etc.).

{b) Actinomycetes

Large granules, sometimes visible to the naked eye
{white to yellow colour).

The centre is Gram negative, the periphery Gram
positive, Found in pus from skin, sputum, etc.




7. Spirochaetes

Treponema and Borrelia
Irregular loose spiral — weakly staining Gram
negative.

(a) Treponema vincentii (formerly Borrelia vincenti)

Found together with cigar-shaped Gram negative
rods {fusiform bacilli) in throat and mouth
specimens {Vincent's angina) (see page 272).

{b) Borrelia recurrentis

Found in blood films stained with Giemsa stain.
Agent of relapsing fever.

STERILE BODY CAVITIES, FLUIDS, AND TISSUES

NON-STERILE BODY CAVITIES, FLUIDS, AND TISSUES

In healthy persons the following are sterile:

— blood
— cerebrospinal fluid
— subcutaneous tissue

— internal organs (heart, liver, kidney, etc.)

In healthy persons the following may contain many
non-pathogenic organisms (saprophytes):

respiratory tract {mouth, nose, throat, sputum)
gastrointestinal tract
skin, ear, and eye

urogenital tract (vagina, anterior urethra)

In disease all of these areas may be infected by pathogenic crganisms

e

~
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RECORDING THE RESULTS OF DIRECT BACTERIOLOGICAL EXAMINATIONS
The laboratory report must give a detailed description of all the elements and organisms found and their number.

Elements -
Type: leukocytes, red blood cells, epithelial cells.

Organisms
Shape cocci, bacilli, etc
Arrangement pairs, chains, clusters

Staining properties ~ Gram, Zieh|-Neelsen
Special characteristics spores, granules, etc.
Quantity . occasional, a few, a moderate number, many.

Examples of reports

1. Pus from abscess (direct bacteriological examination) (Gram stain):

— many leukocytes

— a few red blood cells

— a few epithelial cells

— a moderate number of Gram positive cocci in clusters.

2. Urine (direct bacteriological examination) (Gram stain):

— a few leukocytes

— occasional red blood cells
— a few epithelial cells

— a few Gram negative bacilli.

3. Sputum (direct bacteriological examination (Ziehl-Neelsen):
— 5 acid-fast bacilli found/10 fields (2 +).

4. Throat specimens (direct bacteriological examination) {Gram stain):

a few leukocytes

a few red blood cells

a few epithelial cells

many Gram positive cocci in chains

a few Gram positive rods without spores (diphtheroids)
a few Gram negative diplococci

occasional Gram negative bacilli.

Important:

dentification of the organisms found

It is rarely possible to diagnose a disease in the laboratory on the basis of the i

by direct bacteriological examination of a specimen. The results of such an examination, however, can help the

- physician to establish a diagnosis when taken together with the symptoms shown by the patient.
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30. Gonococci: Direct Examination of Urethral Pus. Syphilis

GONORRHOEA

The genococcus Neisseria gonorrhoeae is the cause
of gonorrhoea, a very common venereal disease.
Its incubation period is 4 to 8 days.

Genitourinary discharge

Thick yellow pus: gonococcus?
Clear whitish fluid:  7Trichomonas™
Thick white exudate: fungus?*

Other exudates: non-specific urethritis
(not identifiable by direct examination).

*For Trichomonas and fungi, see page 186.

Principle
Smears of urethral pus are stained with Gram stain.

Gonococci can be recognized by three characteristics:
they are

1. diplococci {in pairs)
2. Gram negative g
3. intracellular {inside the leukocytes).

Collection of specimen from male

1. If possible, take the specimen first thing in the
morning before the patient has urinated. If
necessary clean the meatus with a swab moistened
with sterile sodium chloride solution.

2. Exert a slight pressure on the penis so that a drop of
pus appears at the meatus.

3. Remove the pus with a sterile inoculating loop or
apply directly to a clean slide.

4. If no pus appears, insert the sterile locp
approximately 2.5 ¢cm up the urethral canal to
obtain a specimen.

5. Prepare two smears that:

— areas thin as possible
— cover as much of the slide as possible.




Collection of specimen from female
The specimen should be taken by the physician or specialist nurse from the cervical canal. In cases of chronic
gonorrhoea, the specimen should be taken just before or just after the menstrual period.

Direct examination is of great value for the diagnosis of gonorrhoea in males; it is much less so in females. Culture
is therefore necessary to isolate and identify the gonococci in specimens from females.

Staining the smears

Stain with Gram stain (see page 235).
Treat thoroughly with ethanol after applying Gram iodine solution (reagent No. 31).
Wash with water at once after final staining with safranine solution (reagent No. 42).

Examination of slides

Pay particular attention to the edges of the smear,
where the elements are spread more thinly and are easier
to see and the stain is less concentrated.

Pus {Note whether there are many masses of
degenerate leukocytes. The nuclei are
brigl)\t pink and the cytoplasm is colour-
less.

Gonococci  oval, kidney-shaped, Gram negative (pale
pink), arranged in pairs

Intracellular massed inside the cytoplasm of the
leukocytes (1)

Extracellular clusters seen between the leukocytes or
near ruptured leukocytes (2).

Evaluation of results of direct bacteriological examination of pus from urethra

Many leukocytes. Many leukocytes. Many leukocytes.

A few red blood cells. A few red blood cells. A few red blood cells.

A few epithelial cells. A few epithelial cells. A few epithelial cells.

A moderate number of Gram OR No Gram negative OR No Gram negative
negative intraceliular intracellular diplococci. intracellular diplococci.
diplococci. A few Gram negative No Gram negative

extracellular diplococci. extracellular diplococci.

CONCLUSION

Gonococci — positive Gonococci — suspicion Gonococci — negative

Other bacteria causing urethral infections
Male "

Numbers of the following may occasionally be seen in smears of urethral pus:

— Gram positive cocci (staphylococei)
— Gram positive bacilli (diphtheroids)
— Gram negative bacilli.

The organisms are described on pages 239 and 240.
Never make a direct examination for gonococci on a smear of a urinary deposit.

Female

Al kinds of organisms are found in the smears,
- particularly:

— Gram positive bacilli
— Gram negative cocci (saprophytes).

Culture-is therefore essential.




Dispatch of specimens for culture

A. Using Martin & Lester’s “Transgrow” medium*

This is the bést method, if the medium can be obtained
from a specialized laboratory. '

30-ml bottles contain 8 m! of solid medium (along one
side of the bottle) are filled with a mixture of air
{90%) and carbon dioxide {10%). The bottle should
remain open for as short a time as possible to prevent
the escape of gas.

Note: This medium is usually supplied in flat bottles for

convenience, but round bottles, as shown here, may also be used.

1. Piace the bottle upright.
Collect the pus specimen on a swab.
Unscrew the bottle cap.

2. Holding the bottle as upright as possible (to prevent
the gas escaping), rub the swab of pus over the
whole surface of the solid medium, from one side of
the bottle to the other, starting from the bottom.

3. Replace the cap on the bottle at once.
Dispatch at normal temperature.

Preservation time: up to 3 days, but the shorter the
delay the better.

This transport medium is also suitable for
meningococci.

“US Department of Health, HMSHA Health Reports, 1971,
 Vol. 86, No. 1, page 30,
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. Using semi-solid transport medium for gonococci

Stuart transport medium (reagent No. 50), can be
used in small 5-m! bottles with stoppers.

1. Collect the pus specimen on a sterile cotton wool
swab held in sterile (flamed) forceps.

2. Put the swab into the transport medium in the
bottle.

3. Cut off the protruding portion of the swab stick
with sterile (flamed) scissors.

4. Screw the cap on the bottle at once.
Preservation time: 6 hours only at normal temperatures.

C. Using a Pasteur pipette

1. Draw the pus specimen into a sterile Pasteur pipette
plugged with cotton wool.

2. Place the pipette as it is in a sterile tube, padded and
plugged with cotton wool, as shown in the diagram.

Preservation time: 6 hours only at normal temperatures.

There are other madia; in each case observe the instructions given by the specialized laboratory.

SYPHILIS

Syphllls is another venereal disease, caused by a
spirochaete: the pale treponeme (Treponema pallidum).

The incubation period is about one month.

The first sign of the disease then appears, usually on the

genital organs, as a chancre, round or oval, 1 or 2 cm in
diameter, red wsth hard edges

Non-venersal (endemic) syphilis

This form of the disease is found in semi-desert regions such as
the Sahel bélt south of the Sahara and the Eastern Mednerranean
- ares. 1t mainly affects children. -

 Yaws

This is a non-venereal disease found in humid tropical climates. it

is caused by a different treponeme (T pertenue), which looks
ldentu:ll t0-T. pallidum.




Direct wet examination for treponemes in syphilis and yaws

This can be carried out only by experienced personnel in a laboratory equipped with a dark-ground condenser
microscope.

The examination is of no value when the patient has treated the lesion with ointment. In that case, wait 3 days
before making the examination.

1. Clean the chancre with gauze moistened with sterile
sodium chloride solution. Dry it.

2. Scrape the edges of the chancre several times with \ N /'/ e \\
the flat blade of a sterile lancet. Do not draw biood. ’ }

3. Press with dry sterile gauze. ’

4. Remove the swab and wait a few minutes until a
pinkish serous fluid appears. Draw off the fluid with
a Pasteur pipette with a teat.

247




5. Place a drop of the fluid on a thin glass slide

{designed especially for dark-ground microscopy).

6. Examine under the microscope using a dark-ground
condenser.
The treponemes of syphilis and yaws can be

distinguished from saprophytic treponemes of the
skin by their very thin bodies and characteristic

movement.

The technician needs special training to recognize
them.

Examination of dried and stained smears

This is not recommended because of the presence of saprophytic treponemes on the skin and in the mucous
membranes.

Serological examination for syphilis and yaws, see VDRL test, page 288. This test should be repeated after 3-4
weeks if the examination for treponemes is negative.
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31. Tubercle Bacilli. Ziehl-Neelsen Stain: Hot Method

Principle

The tubercle bacillus Mycobacterium tuberculosis is acid-fast and stains red with Ziehl-Neelsen stain (see page 253},
while almost all other organisms stain blue.

The technique described below is based on Smithwick, R.W. Laboratory manual for acid-fast microscapy, 2nd ed., Atlanta, US
Department of Health, Education, and Welfare, Center for Disease Control, 1976. See also International Union against Tuberculosis,
Technical guide for collection, storage and transport of sputum specimens and examination for tuberculosis by direct microscopy,
Paris, IUAT, 1976.

Collection of sputum

The quality of the specimen is very important; see page 254 for method of collection far direct examination and
page 255 if the specimen is to be dispatched for culture.

MATERIALS

— Glass slides (new if possible, unscratched)
— lInoculating loop

— Cotton wool plug on metal wire for flaming
— Alarm clock (timer).

REAGENTS

— Carbon fuchsin for Ziehl-Neelsen stain
{reagent No. 13)

— Acid-ethanol {reagent No. 3)

— Aqueous methylene blue (reagent No. 38)

— Methylated spirit (for burning)

— Wash bottle of distilled water.

PREPARATION OF SPUTUM SMEAR = \ | Q

1. Prepare two slides.
Take a purulent portion of the sputum, one for each S / 2
slide, using either one sterile inoculating loop or two \ao"

to form tongs.
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2. Make the smears:

— as thin as possible

—~ covering as large an area as possible, tracing
concentric circles well separated but not
reaching the edges of the slide.

Impaortant:

When the smears are completed, plunge the inoculating
loops into liquid disinfectant and shake to remove any
sputum. Then bring the loop near the flame, wait until
it is dry, then pass it through the flame. This prevents
infected sputum from being sprayed into the air on
exposure to the flame.

3. Fixation

Dry in the air and then fix the smears by passing the
slides three times through the flame.

4. Place the numbered slides on two glass rods over the
sink.

8. Carbal fuchsin staining — & minutes with heat

Cover the slides with carbol fuchsin, filtered before
use.

Dig the cotton wool swab in the methylated spirit,
ignite and-pass slowly under the slides to heat them.




6. As soon as steam begins to rise, set the timer at 5
minutes.

Continue to heat so that steam is seen, but without
boiling, for 5 minutes.

I the filtered stain starts to dry during heating, add
more fuchsin immediately to avoid drying.

7. Wash with distilled water

Cool. Wash the slides gently with water until the
water that runs off is colourless.

8. Decolorization with acid-ethanol
Cover the slides with acid-ethanol.
Leave for 3 minutes.

Wash the slides in ordinary tap water and drain.

Examine the slides; if they are completely
decolorized, stain with methylene blue as indicated
under 10 below.

If traces of fuchsin can stilt be seen (thick smear),
apply acid-ethano! again and leave for 1 minute.

9. Wash with water
Check that the slides are completely decolorized.

10. Methylene blue staining — 30 seconds
Cover the slides with the stain, Leave for 30 seconds.
Wash with tap water for 1 minute,

Drain and leave to dry on a slide rack.
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SLIDE EXAMINATION

Use the oil-immersion objective.
Tubercle bacilli are:

— bright red on a blue background

— straight or slightly curved

— quite short (1-4 um)

— often granular

— arranged in groups of 3-10 bacilli close together, like
bits of string, or forming letters or forked shapes
(they are often found near threads of fibrin).

A 0.2% solution of malachite green in distilled water
can be used instead of methylene blue solution.
The procedure is the same. Malachite green stains the
backaround green; the tubercle bacilli stain red.

Do not mistake the following for tubercle bacilli:

1. Yeasts, stained more or less red. When heated they
often break up into groups of large red granules.

2. Spots of stain deposit (when the slide is not
properly decolorized).

Important:

Another pathogenic acid-fast bacillus is the leprosy
bacillus (see page 262). Various bacilli that are more
or less acid-fast are found in nature, even in tap water.
These sometimes lead to an incorrect laboratory result.

How to examine slides

Make a complete examination of the first slide using the
oil-immersion objective (maximum illumination, no
colour filter), proceeding as shown in the diagram.

Positive slide Negative slide
When you have seen about 10 acid-fast bacilli on the first Examine the first slide thoroughly (10 minutes),
slide, examine the second one to confirm the finding. then repeat with the second slide (10 minutes).

RECORDING OF RESULTS

Number of acid-fast bacilli (AFB) found* Report Alternatively
0 Negative for AFB -
1-2/300 fields Number seen *
1-9/100 fields Number/100 fields 1+
1-9/10 fields Number/10 fields 2+
1-9/field Number/field 3+
9/field 9/field 4+

D * Method of Center for Disease Control and WHO in: Smithwick, R.W. Laboratory manual for acid-fast microscopy, 2nd ed., Atlanta,
US Department of Health, Education, and Welfare, Center for Disease Control, 1976.
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PRINCIPLE OF ZIEHL-NEELSEN
STAINING METHOD

The bacillus responsible for tuberculosis in man is
Mycobacterium tuberculosis:

— human type
— bovine type and avian type (rare).

The bacilli are acid-fast, i.e., once they are stained red
by carbol fuchsin they cannot be decolorized by acid or

by ethanol.
Organisms Tubercle
that are not bacilli
acid-fast
..
4
®
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2 L
se -~
. b -
Carbol fuchsin: \s S \\

— stains all the organisms in the sputum red.
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Acid-ethanol mixture: @ Y ® <
\

— decolorizes all organisms and cellular elements I3
except acud -fast bacilli {tubercle bacilli).

Methylene blue ‘:’:'i \
— stains blue all the organisms and elements \\y ’ ul
decolorized by the acid-ethanol mixture, but the ]

acld-fast bacllh remain red.

OTHER PATHOGENIC ORGANISMS
FOUND IN SPUTUM

Culfﬁ‘fe is always necessary for their identification.
However, the presence of some species may be suspected
in direct examinations (Gram stain). {See page 239.)

{a) Pneumococci: Gram positive diplococci. Each pair is
surrounded by a capsule that remains colourless.

{b} Fungi: yeasts, filaments of mycelium with or
without pores. They may be pathogenic
{identification by a specialized laboratory necessary)
or saprophytes that have multlplled in the specimen

. .after collection.

“ {e) Actlnamycetes (granules): See page 240,

Parasites may be found in unstained preparations:
eqgs of pulmonary flukes and; very rarely, eggs of
schlstosomes and Syngamus.




COLLECTION OF SPECIMEN

Collect the first sputum of the morning.

The nurse or laboratory technician must be present and
the following procedure should be followed:

1. The patient should be standing, if possible.

2. He should take a very deep breath, filling his lungs.

3. He should empty his lungs in one breath, coughing
| as hard and deeply as he can.

4. He should spit what he brings up into the jar.

5. Label the jar clearly with his name and the date.




Jars and boxes used to collect sputum

Use reusable jars or stiff paper boxes made in the
laboratory for on-the-spot collection (see page 70).
For cleaning and disinfecting of receptacles, see page 40.

After collection

Check that a sufficient amount of sputum has been
produced.

The sputum of an infected person usually contains:

— thick mucus with air bubbles

— threads of fibrin

— patches of pus

— occasional brownish streaks of blood.

Important:

Liquid frothy saliva and secretions from the nose and
pharynx are not acceptable expectorations. Have the
patient produce another specimen.

DISPATCH OF SPUTUM

Sputum is sent away for the culture of tubercle bacilli,
which takes 1-2 months, for the establishment of anti-
biograms or for the inoculation of guinea pigs.

Fluid transport medium
A wide-mouthed, screw-top bottle containing:

25 ml of a solution of 0.6% cetylpyridinium
bromide in distilled water.

Collection

The patient should expectorate directly into the liguid
in the bottle, Screw on the cap and dispatch.

Preservation time: at least 10 days.
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Pulmonary tuberculosis can aiso be diagnosed by:

i 1. Direct examination {and culture) of gastric /avage fluids (particularly in children): centrifuge the fluids
at high speed for 20 minutes, make a smear of the deposit and stain like sputum.

2. Culture of laryngeal swabs.

For other sites of infection, bacilli are sought in:

1. Urine (renal tuberculosis): see page 305.

2. The pus of cold closed abscesses (tuberculosis of bone).

3. The cerebraspinal fluid (tuberculous meningitis, especially in children): see page 349.
4. Fluid aspirated from glands. -
Examination of stools for tubercle bacilli is not recommended.




32. Tubercle Bacilli. Kinyoun Stain: Cold Method

Principle

The same reagents are needed for the cold staining
method but a more concentrated solution of carbol
fuchsin is used, making heating unnecessary.

Tubercle {(and leprosy) bacilli remain red on a blue
background.

Advantage,sw

The technique is simpler and faster than the hot staining
method (see page 249). It facilitates examination of
large numbers of specimens (e.g. in epidemiological
surveys).

It does, however, use up a lot of carbol fuchsin. For
routine work in a general laboratory the hot method
seermns more suitable.

MATERIALS

— Timer

— Kinyoun carbol fuchsin (reagent No. 33)
— Acid-ethanol {reagent No. 3)

— Methylene blue {reagent No. 38).

PREPARATION OF SMEARS

Follow the instructions given on page 249.

STAINING

- Place the slides on two glass rods over the sink.
; Do not treat more than 6 slides at a time.
o ’Shake the bottle of fuchsin well just before using it.
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Method
1. Kinyoun carbol fuchsin — 5 minutes
{do not heat).

Pour the fuchsin on to the slides. Each slide must be
completely covered.

2. Wash gently with water.

Rinse each slide thoroughly under the tap or in a
stream of water from a wash bottle.

Drain well.

3. Decolorize with acid-ethanol — 2 minutes
Cover each slide.

" Leave for 2 minutes (thin or thick smears) or until
no more colour appears in the washing.

4. Wash gently with water.
Rinse each slide under the tap.

5. Counterstain with methylene blue — 30 seconds
Wash gently in running water.

Dry in air.

SLIDE EXAMINATION — RECORDING RESULTS

Follow the instructions given for the hot staining
method (page 252).
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‘33. Leprosy: Examination for the Bacillus in Nodules and Skin Lesions

Principle
Cases of lepromatous lepiosy show:

small nodules on the lobes and rims of the ears
nodules and larger patches on the face and body.

Leprosy bacilli are often present in large numbers in lepromatous lesions, but are usually very sparse or not seen at
all in tuberculoid lesions. The bacillus is known as Mycobacterium leprae or Hansen’s bacillus.

A lesion is incised superficially without causing bleeding. Serous material from the incision is spread on a slide,
air-dried, fixed for 3 minutes in formaldehyde fumes, and examined under a microscope after staining by a

maodified Ziehl-Neelsen method. Mycobacterium leprae is acid-fast.

MATERIALS

(I T T

Scalpel

If available, forceps with rounded ends and no teeth,
or curved clamp forceps with no teeth, or tissue
forceps

Large Petri dish

Slides

Gauze

Ethanol

Commercial formaldehyde (37%)

Reagents needed for modified Ziehl-Neelsen
staining, listed below.

\

REAGENTS

Carbol fuchsin (reagent No. 13) with solution A
maodified to contain 10 g (instead of 3 g) basic
fuchsin

Acid-ethanol (reagent No. 3) modified to contain

1 ml concentrated hydrochloric acid, 66 mi 95%
ethanol, and 33 ml distilled water

Methylene blue solution (reagent No. 38) modified
to contain 30 ml 95% ethanol and 70 ml distilled
water.
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1.

SPECIMEN FROM EAR

Examine each ear in gocd light beamed from the
side:

Look for lesions: small swellings (infiltration) with a
shiny surface, of different sizes.

Select the most congested lesion or nodule.

Clean the area with a gauze swab moistened with
ethanol. Flame the forceps and scalpel. Scalpels can
be sterilized beforehand in small glass tubes plugged
with non-absorbent cotton wool. Avoid iodine.

Squeeze the ear lobe hard between the blades of the
forceps to stop the flow of blood to the area.

Holding the forceps firmly, make a superficial
incision lengthwise in the middie of the lesion:

— about 0.5cm long
— 2-3mm deep.

Still squeezing with the forceps, scrape the bottom
and edges of the incision with the point and blade of
the scalpel. Collect on the scalpel the colourless or
pinkish serous material from the lesion. Do not draw
blood.

With the flat of the blade spread the serous material
in a circular motion over an area 5-7 mm in
diameter on a slide numbered with a diamond
pencil. 2-4 smears from the same patient may be
put on 3 single slide.




7. Leave the slide to dry in a dust-free place. When the

smears are completely dry, fix them with formalde-
hyde fumes in a large Petri dish containing a rack.
Add enough formaldehyde solution to cover the
bottom. Place the slides on the rack. Cover the Petri
dish and leave for 3 minutes. :

o

Staining the smears:

Flood each slide with freshly filtered carbo! fuchsin
and allow to stand for 20 minutes.

Wash the slides gently in tap water (in a beaker with
the smear away from the stream of water); they
may be allowed to stand in the beaker until
decolorization.

Decolorize one slide at a time by gently streaming

- with acid-ethanol until this flows clear and

colourless.

Wash the slides again in tap water and allow them
to stand wet until counterstaining.

Counterstain with methylene blue solution for

1 minute (see page 251!,

Note: For description of Mycobacterium leprae, see
page 262.

SPECIMENS FROM THE BODY AND FACE

Examine the body and face for:

A

lesions similar to those found on the ear, but often
larger

papules, flat patches (maculae), or plaques; they are
lighter in colour or thickened areas of skin looking
like orange peel, infiltrated.

A sample can also be taken from an area of skin just
showing signs of leprous infiltration.

Choose the most acutely infiltrated lesion and select a
site for collection of the specimen. This should be:

— just inside the edge of the patch, where the skin

appears to be altering most rapidly. (This is
important, to ensure that bacilli are detected )
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1. Disinfect the area with gauze dipped in ethanol.
Pinch the site hard with clamp forceps without
teeth.

2. Continue to hold firmly. o
With the tip of a scalpel make an incision:

— 0.5cmlong
— 2-3mm deep

3. Scrape the bottom and edges of the incision with
the tip of the scalpel.

Collect a quantity of pulp and serous material.
(Continue to squeeze to prevent bleeding.)

4. With the scalpel spread the specimen in a circular
motion over an area 5-7 mm in diameter on a glass
slide numbered with a diamond pencil.

3-6 specimens from different lesions can be put on
the same slide.

Dry and fix the smears as indicated on page 261.
Stain as indicated on page 261.

Clean the incision with ether or ethanol and apply a -
dressing if there is bleeding.

DESCRIPTION OF LEPROSY BACILLUS

Similar in appearance - o the tubercle bacillus. Like the
latter, it is acid-fast a. d stains red on a blue background
with the modified Ziehl-Neelsen technique.

Size 1-8um .
Shape longish rods straight or slightly curved
with rounded ends
Granulation often granular, with bright red granules
separated by colourless spaces
Arrangement (a) either in groups of 2-5 arranged in
parallel
(b) or in larger groups or clusters
(c) or in large numbers in circular masses
called “globi"’.
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Indicate degree of positivity:

No bacillusper 100 fields . .............. 0
RECORDING THE RESULT 1-10 bacilli per 100 fields. .. ........... 1+
1-10 bacilli per 10fields. .. ............ 2+
Racord the result as follows: ]—]g_b_acﬂ!!_per 1 _flgld_._ ................ 3+
1-100 bacilliper 1 fieid. . .............. 4+
— spec.men from plaques or nodules on ear, etc. More than 100 bacilli per 1 field......... 5+

—~ examination with the x 100 objective, using the x 6
eyepiece: no acid-fast bacilli seen

— or, shows acid-fast bacilli (specify whether in globi)

Importance of examination of plaques or nodules
Always begin by examining specimens from plaques or nodules, if any.

Bacteriological and morphological indexes
These indexes can be calculated on the request of the physician.

(a) Bacteriological index. l}dd all the positive findings from all body sites where a sample has been taken and divide
the total number of positives by the number of sites. For example:

site 1 = right ear +++
site 2 = left arm +
site 3 = back ++
total 6+

bzcteriological index 6/3= 2+

(b) Morphological index. Examine 100 bacilli on the prepared slides. Count the number of bacilli that are
uniformly stained red down their length (“viable bacilli”’). If the number of viable bacilli is, for example, 8, the
morphological index is 8%. This index is used for the first diagnosis and follow-up of multibacillary patients.

Culture

There is no method available for the in vitro culture of Mycobacterium leprae. The organism can multiply,
however, in the foot pads of mice and in the armadillo.
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Leprosy: Examination for the Bacillus

sal Smears

MATERIALS

— Plastic or cellophane sheet, thin

— Cotton wool swab on stick {the wisp of cotton wool
should be as small as possible

=

— Slides, numbered with a diamond pencil
— Tube of sodium chiaride solution {reagent No. 45) /-
— Reagents necessary for staining by the modified

Ziehl-Neelsen method: see page 259.

Specimens are best prepared from an early-morning
“nose blow"’. The patient blows his nose thoroughly
into a small clean dry sheet of cellophane or plastic.

1. With a small cotton wool swab, slightly moistened
in sodium chloride solution, transfer some of the

opaque material from the plastic sheet to a
iabelled microscope slide.

Spread the material as evenly as possible on the
slide. Two or more smears of the same material
may be made on one slide.

Leave the smears to dry.

When completely dry, fix with formaldehyde fumes
{see page 261).

Stain by the modified Ziehl-Neelsen technique
(see page 261).

Examine under the microscope and record the
Tesults as indicated for examination for the

b

o o aw

baciltus in.nodules and skin lesions {see page 263).

INTERPRETING THE RESULTS OF EXAMINATION OF NASAL SMEAR

Type of leprosy Result of examination
- Iepmmgtous very often positive
— borderline often positive
- t_uberculo_id usually negative
— indeterminate often negative
Important:

Examinations for the leprosy bacillus should be carried
out chiefly on scrapings from skin lesions (ears, face,
body). This technique is described on page 259,

- .Examination of nasal smears is also a routine require-

- ment.

Note, however, that nasal smears sometimes contain
, ggcn_-l;l:_athogemc acid-fast bacilli that are not leprosy
- bacilli,




35. Plague: Examination for the Bacillus

Principle

Confirmation of plague infection requires the isolation
and identification of the plague bacillus, Yersinia pestis.
During enidemics or epizootics it is often possible to
reach a presumptive diagnosis an the basis of the
presence of the characteristic bipolar stained plague
bacitli using Wayson stain {reagent No. 57}, in specimens
collected from a bubo by aspiration.

1. COLLECTION OF SPECIMENS

Materials

— 10ml or 20 ml syringe with 18-gauge (1.2 mm)
or 19-gauge {1.0-1.1 mm) needle
— Tincture of iodine

— 70% ethanol

— Sodium chloride solution {reagent No. 45}

— Glass slides

Method

1. Disinfect the skin of the bubo with tincture of
iodine.

2. Draw a few millimetres of sodium chloride solution
into the syringe through the needle.

3. Holding the syringe between the thumb and finger
of the right hand, insert the needle into the bubo.

4. With the left hand, pull back the piston of the
syringe slowly. Fluid (which may be bloodstained)
should appear in the syringe.

If no fluid appears in the syringe, inject the sodium
chloride solution into the bubo by pressing gently
on the piston with your thumb. Move the needle
about in the bubo with a circular motion. Then
slowly pull back the piston again, until the syringe
is about half fuli, if possible.

5. Withdraw the syringe, and swab the puncture site
with cotton wool impregnated with ethanol.

6. Holding the syringe upright, let 1 or 2 drops flow
from the needle on to a slide, and prepare a smear
as described on page 232.

7. 1f bubo fluid is to be sent to a specialized laboratory
for culture, a few millilitres should be inoculated
into Cary-Blair transport medium (reagent No. 14)
and the sealed screw-capped bottle should be
dispatched in a double container (see page 74).

8. Immerse the syringe and needle in 5% phenol,
withdrawing the plunger gently (see page 39 for
disposal of infected material).

care must be taken to avoid the production of an
aerosol (the dispersion of minute droplets in the air),
which might lead to the accidental infection of others
and the spread of pneumonic plague.

Important: When handling bubo material, the greatest /

/
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2. EXAMINATION FOR THE BACILLUS

Materials

Methanol! {chemically pure)

Glass slides
Wayson stain (reagent No. 57)
Tap water.

Method
1. Fixation

(a) Place the air-dried smears in a staining jar filled with
chemically pure methanol for 5 minutes.

(b) Remove the slides and allow them to dry in the
air before staining.

2. Staining
(a) Cover fixed smears with Wayson stain for 10-20
seconds,

{b) Carefully wash the slides in tap water.




{c) Allow to dry and then examine under the oil
immersion lens {x 100), looking at thin areas of the
stained films for the characteristic plague bacilli.

Results

With Wayson stain the polar bodies of Y. pestis are blue
and the remainder of the smear'is reddish.
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36. Dispatch of Stool Specimens

It is often necessary to send stools elsewhere for bacteriological culture:

— for the detection of cholera vibrios
— for the detection of other bacteria causing dysentery (Salmonell!a, Shigella, etc.)

The same method of transport may be used for both if Cary-Blair transport medium (reagent No. 14} is used.

USING CARY-BLAIR TRANSPORT MEDIUM

Cary-Blair transport medium will preserve many kinds of enteric bacteria {(cholera vibrios, other vibrios, salmonella,
shigella, etc.) for up to 4 weeks. The uninoculated medium may be stored at room temperature for 8-12 weeks

before use, if in a sealed bottle.

1. Dip a sterile cotton woo! swat in the stooi speciinen.

2. For infants or other patients without a stool
specimen take a rectal swab. Moisten the swab with
sodium chloride solution and introduce the swab
into the rectum. Turn the swab several times with a
circular movement.

3. Place the swab in a bottle containing Cary-Blair
medium (% full). If a delay is unavoidable store at
room temperature.




Important:

1. Never store in the incubator.
2. Never store in the refrigerator.

USING BUFFERED GLYCEROL SALINE

When specimens are to be sent for cuiture of enteric
organisms other than cholera vibrios and Cary-Blair
transport medium is not available, buffered glycerol
saline may be used (reagent No. 10).

Note: If the buffered glycerol saline in the bijou bottle has
changed colour from pink to yellow, discard it and prepare a
fresh solution.

1. A bijou bottle with a capacity of 7.5 ml is
recommended. Fill it to within 2 cm of the top.

2. Place the stool swab or rectal swab in the medium
and then send it directly to the bacteriology
laboratory.
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37. Direct Examination of Specimens from the Throat.
Dispatch of Specimens

Advantages

Direct microscopical examination of a stained smear
prepared from a throat specimen sometimes gives an
indication of the organism causing an infection.
Bacterial culture is needed to establish the identity ¢f
the organism with certainty.

Organisms responsible for throat infections

— diphtheria bacilli (Corynebacterium diphtheriae)

— streptococci

— acombination of spirochaetal and fusiform
organisms

— Candida (a fungus)

— various other less common species.

MATERIALS

— Sterile cotton wool swabs in test-tubes for the
collection of specimens (for preparation of swabs,
see page 274)

— Tongue depressor or spoon

— Reagents for Gram staining (see page 235).

COLLECTION OF SPECIMEN

Ideally this should be done by the physician or nurse,
but the laboratory technician may be called upon to
take the specimen.

1. The patient should sit facing the light (or an electric
torch can be used).

2. Tell the patient to open his mouth without putting
out his tongue, and to say ‘Ahhhh...".

3. While he is saying “Ahhhh...” press the outer 2/3 of
the tongue down with the tongue depressor, using
the left hand. The tonsils (T) and the back of the
throat framed by the arches {A) should be visible.

4. Introduce the swab with your right hand. Do not
touch the tongue, which is coated with organisms.

5. Locate the infected (inflamed) part of the throat.
it will be very red or white depending on the case.
}Jsually the infection is located in the tonsils or

auces, :

6. Rub the swab firmly against the inflamed part,
turning it round, and collect membranes, if present.

7. 1f nothing abnormal is seen, swab the tonsils, the
fauces and the back of the soft palate.




PREPARATION OF SMEAR

Streak 2 or 3 slides with the swab, using a rolling
movement to make sufficiently thick broad smears.

If the smear is to be inoculated on a culture medium or
dispatched in a transport medium, take two swabs:

— the first for the medium
— the second for preparing smears for direct
examination.

BACTERIAL EXAMINATION —
DETECTION OF DIPHTHERIA BACILLUS

In all cases a smear should be stained by the Gram
method (see page 235). If diphtheria is suspected a swab
should be placed on Loeffler culture medium* and sent
to a specialized laboratory.

*Obtainable from the national reference taboratciy.

Description of diphtheria bacilli

Narrow Gram positive rods, straight or slightly curved
and often enlarged at one end or both ends. They are
arranged:

— inrows (a)

— orscattered (b)
— _orinV formations (c).

Reporting the result

When reporting:the presence of diphtheria-like bacilli in
a throat swab, state that it shows the presence of Gram

positive bacilli resembling Corynebacterium diphtheriae.

:l'he reason for this is that diphtheria bacilli can only be
identified with certainty following culture.

271




Other varieties of bacteria

Direct examination is of little use if a mixture of )
different species is found. They may be pathogenic or
non-pathogenic and include:

streptococci (a)

pneumococci (b)

Gram negative diplococci (Neisseria) (c)
Gram negative bacilli (d)

atambaiilonnant Ia)l ata
stapnyiococCci &), etc.

A T B

The report should give a full description of the
organisms found (quantity, appearance, reaction to
Gram stain).

P °

Combination of spirochaetal and fusiform organisms

Responsible for the necrotic uiceration of the mouth
and throat known as Vincent's angina. Large numbers of
the following are found, mixed and in equal quantities:

1. Fusiform bacilli: Gram negative, long, with tapering
ends.

2. Treponema vincentii: Gram negative spirochaetes,
often poorly stained, 10-25 um long, in 5-7 loose
irregular spirals (often curled at the end).

Candida

A fungus responsible for thrush or moniliasis (chiefly in
infants). The following may be found:

(a) Yeasts: oval or round spores, 2-4 um in diameter,
thin-walled, budding. They are strongly Gram
positive.

{b) Mycelium-like filaments: varying in length, 4 um in
breadth, with rounded ends.

To obtain a better presentation of these forms,
make a wet preparation by dipping the swab in a
drop of sodium chloride solution and examine
between a slide and coverslip.
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DISPATCH OF THROAT SPECIMENS
(to a bacteriology laboratory for culture)
1. Dispatch of swab alone

As soon as the specimen has been collected, replace
the swab in its sterile tube and send as it is to the
bacteriology laboratory.

Preservation time: 4 hours at the maximum.

. Dispatch for the detection of diphtheria bacilli

Using tubes of coagulated serum (which must be
stored in the refrigerator):

Rub the swab over the slanted surface of the serum,
starting from the bottom and not applying pressure.
Send the same day.

Maximum transport time: 24 hours.

(b) Using Loeffler medium in a special tube for swabs:
Insert the swab immediately after collection of the
specimen in the cylindrical space in the centre of the
medium. Send the same day.

Maxirmum transport time: 24 hours.

. Dispatch for the detection of meningacocci

This is seldom necessary, except during epidemio-
logical surveys looking for carriers of meningococci.
if possible, use the “ Transgrow” medium or Stuart
medium (see page 245).
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1.

PREPARATION OF SWABS

If possible, swabs should be prepared at the central
level using a detoxifying technique; if not possible,
the following technigue might be used.

Prepare some thin sticks of wood (or aluminium
wire), 18cm long and 2 mm in diameter.

Prepare strips of cotton wool, 6 cm long by 3cm
wide and as thin as possible.

2. Roll the cotton wool round one end of the stick. If

metal wire is used, flatten the end first.

3. Mould the swab in a conical shape.

4. Place in a thick Pyrex tube. Plug with non-absorbent

cotton wool. Sterilize,




~ 38. Direct Bacteriological Examination of Urine

Value

In healthy persons the urine contains practically no

organisms. Bacteria may be found:

— where there is an infection of some part of the
urinary tract {lower tract: urethritis; bladder:
cystitis; kidneys: nephritis)

— or where bacteria from an infection elsewhere in the

i .body are excreted in the urine.

Principle of direct examination

The urine is centrifuged at high speed. Microscopical examination of the urinary sediment as described on page 325
is essential and the most important part of the analysis. However, the deposit may also be used to make smears that
are: i

— dried and fixed
— stained by Gram and Ziehi-Neelsen stains
— examined under the microscope.

Culture is always essential for precise determination of the identity f the organisms found and the quantity
present.

MATERIALS — REAGENTS -

— Sterile 250 ml Erlenmeyer flask with stopper
— Electric centrifuge
— Sterile conical centrifuge tubes with stoppers B
— Slides
— Inoculating loop
— Bunsen burner
— Reagents needed for Gram staining (see page 235)
and Ziehl-Neelsen staining (see page 249).

COLLECTION OF URINE

The genitalia should be cleansed beforehand (see
instructions on page 306).

Collect a midstream specimen in the sterile flask.
Examine as quickly as possible. {Another way is to
collect the urine in a conical tube only rinsed in boiling
water, and to examine immediately.)

METHOD

i 1. Ina sterile tube, stoppered either with a screw-cap
“or with a plug of sterile.cotton wool fixed with
. gauze and string, centrifuge:

16 mit of fresh urine

A% average sperd for 13 minytes,
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2. Pour off the supernatant urine.

3. Mix the deposit, using the inoculating loop
(sterilized by flaming), until it forms a homogeneous
suspension.

4, Make 2 smears. Let the 2 slides dry. @

Fix by flooding with ethanol and flaming or by
heating.

5. Tostain:

slide' 1 — Gram stain (see page 235)
slide 2 — Ziehl-Neelsen stain (see page 249).




Examine under the microscope {x 100 oil-immersion
objective).

Look for pus: many leukocytes stained red by Gram
stain.

L.ook for organisms such as:

1. Gram negative bacilli

2. Gram positive cocci

3. Gram positive diphtheroid bacilli
4. Gram positive yeasts.

See page 239 for descriptions of the above organisms.
Tubercle bacilli: see below.

RESULTS

State whether there are leukocytes or pus present. Give
a precise description of the aranisms found.

Example

Many leukocytes

A few red blood cells

A few epithelial cells

Many Gram positive cacci in clusters.

Or

A few leukocytes
Occasional red blood cells
A few epithelial cells

A few Gram negative bacilli.

Gonococci

Never give a diagnosis of gonococci on the basis of an
examination of a urinary deposit. Look for gonococci in
urethral pus (see page 243).

TUBERCLE BACILLI

The slide stained by Ziehl-Neelsen stain is examined for
tubercle bacilli,

If this examination is specifically requested:

~ —_-centrifuge 10 ml of urine at high speed for
20 minutes.

The bacilli stain dark red.
They are arranged in rows.
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UR

the

Urinary deposits are inoculated on selective culture
media. Another simple technique has been recently
described using direct microscopical examination after
Gram staining of urine that has not been centrifuged.
The numbers of pus cells should be recorded as well as

on the bacteria found. The following table indicates
how the results may be interpreted.

INE CULTURES

appearance and effect of staining with Gram stain

This procedure is essential:

to identify the species of bacteria

to determine the numbers of bacteria present (if
they result from contamination of the specimen
after collection, very few will be present)

to isolate small numbers of organisms

to establish the most effective antibiotic for treat-
ment (antimicrobial susceptibility tests).

Pus cells* Bacteria Possible interpretation

>3 Gram positive cocci or Gram negative bacilli Presence of urinary tract infection

<3 Gram positive bacilli or mixed flora Contaminated or not fresh specimens

<3 Gram positive cocgi or Gram negative bacilli

but not mixed Bacteriuria without pyuria

>3 None Urinary tract infection after antibacterial
therapy
— tuberculosis
— mycoplasma

*In the high-power field.




'39. Water Sampling for Bacteriological Analysis

Principle
Various bacteriological tests must be carried out to determine whether water is safe for humans to drink. These

tests are designed to identify and count the number of organisms that contaminate the water. They are usually
performed in specialized laboratories.

Technicians working in field laboratories must be able to collect water samples properly and send them to the
appropriate laboratory (bacteriology, public health, etc.) for analysis.

The water sample must be collected under sterile conditions to be sure that no outside organisms contaminate it.

MATERIALS

— 250 ml white glass bottle with ground glass stopper, washed and rinsed with distilled water
— Brown wrapping paper

— String

— 30 g/1 solution of sodium thiosulfate (reagent No. 49)

— Cotton waol

— 70% ethanol

— Thermometer 0-50 °C.

The water sample may be taken from:

-~ atap
— awell
— an open water source such as a lake or river.

METHOD

Sampling tap water
A. Preparations
1. Place in 250 ml sampling bottle:

— 2 drops of sodium thiosulfate solution.

2. Replace the ground glass stopper. Cover the stopper
with a piece of wrapping paper and tie it on firmly .
with string.

3. Sterilize in the autoclave for 30 minutes at 120 °C
" . at a pressure of about 100 kPa (about 1 atm,
1 kgf/cm?, or 151bf/in?).
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B. Taking the sample

1. Dip a cotton wool swab in 70% ethanol. Disinfect
the tap by lighting the swab and holding it under the

tap.

2. Turn on the tap and let the water flow for 2 minutes.

3. Remove the stopper from the bottle with your left
hand. Hold the bottle in your right hand under the
tap until it is % full of water.

4. Replace the stopper in the bottie immediately. Put
the paper back over the stopper and tie it around
the neck of the bottle.

5. Fill ‘in the information sheet (see model, page 284).
If possible, collect a second sample from the tap and
take the temperature of the water,

Pack the bottle of water upright in a box.
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Sampling well-water
A. Preparations

1. Artach a suitably-sized stone with string to the
middle of the bottle.

Take a 20 metre length of string rolled round a stick,
and tie one end round the neck of the bottle.

2. Wrap brown paper round the stopper and fix with
string.

Wrap everything in a large sheet of paper and place
in the autoclave for 30 minv:us at 120 °C.

B. Taking the sample

1. At the well, open the sterile package without touch-
ing the contents.

Rub vour hands with 70% ethanol.

Remave the stopper from the sampling bottle. Place
the stopper on the sterile wrapping paper.

2. Lower the bottle, weighted by the stone, into the
well, unwinding the string slowly. Do not allow the
bottle to touch the sides of the well,

3. - Immerse the bottle completely in the water at the
bottom of the well.




4. Rewind the string round the stick to bring up the
bottle full of water.

5. Pour off the top % of the water collected in the
bottle.

6. Repiace the stopper.

Put the wrapping paper back over the stopper and
tie around the neck of the bottle.

Fill in the details on the information sheet.

Sampling open water sources: lakes, streams, rivers, etc.
A. Preparation

1. A sterile 250 mi sampling bottle without sodium
thiosulfate solution'can be used.

" 'B. Taking the Sémplé o
1. Hold the bottle near the bottom and plunge it, neck

downward, below the surface to a leve! of about
20em.. oo




2. Turn the bottle until the neck points slightly

upwards, with the mouth facing the direction of the
current, if any.

3. When the sample is collected, stopper the bottle. Put
the wrapping paper back over the stopper and tie
round the neck of the bottle. Label the bottle clearly
and send it to the laboratory without delay.

Dispatch

Dispatch the sample the same day. Keep water samples in the refrigerator before dispgtch.

Mark on the outside of the box:

up

1. Pack in a wooden box: DOWN
— withalid
— with wooden supports inside to keep the bottles upright.

URGENT

2. Special metal containers are available for the
dispatch of water specimens without spillage or

el
brosbona,
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MODEL REQUEST FORM

This form must be filled in and sent with the water samples.

Source of supply: Tap Standpipe with pump Well Spring Storage tank

Avre there latrines in the vicinity? No YOS e e metres away

- < £t o _# O
femperature oTthe Water . .............c0cu-nn. 1%

Watercollected at . . .. . .o oot ittt e it (locality) . ........ .. ...y

Isthewaterused fordrinking? . .. ... ...ttt e

Name of sampling technician . . ........ ... ... ..o, Signature . . . ... ... .. 0.

{exact spot)

River

*Water temperature at the site. Do not measure the temperature of the water in the sample bottle!

!




" C. SEROLOGY

40. Dispatch of Serum and Dried Blood Specimens for
Serological Examination

Serum

Serologica| examinations are carried out to determine whether the blood contains ar.tibodies against various
infectious diseases.

The blood is centrifuged to separate the serum from the clotted red cells. The serum must be kept sterile.

Dried blood

Some serological tests can be carried out on drops of blood collected on filter paper and dried. Just before the test
the blood is absorbed into a solvent.

’

SERUM

Materials

— Equipment for taking bloods

Centrifuge

Sterile round-bottomed 10 ml centrifuge tube with
screw cap or rubber stopper, sterile Viacutainer tube,
-or sterile dry syringe

Sterile Pasteur pipettes

Teats

Forceps .

Steri)le 10 ml bottle with airtight screw cap (rubber
liner
Bunsen burner.

|

Collection of serum

1. Collect 10 ml of venous blood from the arm.

2. Remove the needle from the syringe. Expel the
blood into the centrifuge tube. Stopper the tube of
blood immediately.

3. Leave the blood to clot at room temperature.
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4.

After 30 minutes to 2 hours, but not more, centri-
fuge at high speed for 10 minutes.

if no centrifuge is available, the blood can be left in
the refrigerator for several hours; the clot wiil
separate from the serum.

5.

Unstopper the tube of blood. Draw off the serum
into a sterile Pasteur pipette.

‘Expel the serum into the sterile 10 ml bottle.
Replace the cap immediately.

For some serological examinations, an antiseptic
preservative can be added to the specimen (e.g.
thiomersal)*. Follow the instructions given by the
reference laboratory.

* Also known as merthiolate and as thimerosal.

Dispatch

cI’.abel the bottle with the patient’s name and the
ate. ;

Seal the stopper with sticking plaster.
Wrap the bottle in absorbent paper or gauze.

Place in an aluminium container and wedge with 2
pads of cotton wool.

Place the container in a cardboard or wooden box.

Make sure that the transport time does not exceed
3 days.

Specimens sent by car should be packed in an ice box.

past 1 month.

st serological examinations can be kept in the freezer compartment of the refrigerator at —2°C or lower




COLLECTION AND DISPATCH OF DRIED BLOOD
Materials

— Sterile blood lancets

— Whatman No. 4 filter paper (or ordinary thin filter

paper), cut into rectangles of 4 x 3 cm
— Small plastic bags, if available.

P

Method
1. Take capillary blood from the finger in the usual
way (page 189).

2. Collect a large drop of blood in the middle of the »
strip of paper. Let the paper absorb the drop of
blood completely. Leave to dry in the air.

Dispatch

Write the patient’s name and the specimen number
on the paper. Place it in a small plastic bag or an
ordinary envelope.

The strips of paper can also be stuck on pins set in small
blocks of plastic foam in a box with numbered compart-
ments. {(mass surveys).

Preservation

Specimens will keep at least 2-3 weeks at room
temperature in all climates.

Purpose

" Dried blood is used in particular for:

.~ the serodiagnosis of yaws and syphilis (immuno-
fluorescence test with treponemes)
E the detection of IgM'in trypanosomiasis, etc.
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41. VDRL Test

"VDRL stands for Venereal Disease Research Laboratory, where the test was developed.

Principle

1.

The serum is examined for the presence of reagins,
antibodies that appear in the treponematoses
{syphilis, yaws, pinta).

2. The presence of these antibodies is revealed by a
lipoid (non-treponemal) antigen, which is a
suspension of tiny particles.
3. The reaction between the antigen and the antibodies
results in floccu/ztion of the suspension (micro-
agglutinatior} i« iropical conditions the VDRL test
should be §:af-1zbly carried out at a temperature of
23-29 °C.
Materials
— Water bath at 56°C
— Rotating machine (180 r/min)
— Microscope with x 4 to x 6 eyepiece, x 10 objective < Tseel__ e ST LT
and mechanical stage.
— Glass VDRL plates with flat-bottomed ceramic or 2 o, L 773
paraffin rings 14 mm in diameter =
— 2 ml syringe (insulin type) 0 = -
— Special needle without bevel delivering 60 drops
per mi (laigaug; (1.2 mm) needle sawn off at the oo O o
tip or capillary Pasteur pipette calibrated to deliver 3 _
gozdnl)psperml) 0.05mi {or 1.0 / OOOO
= 0.2 ml pipettes graduated in 0.05mi (or 1.0 mi
*_ pipettes graduated in 1/100) O Oo O
— Beakers.
Reagents

VDRL antigen, prepared on the day of use.

Known positive sera: positive and weak positive controls
Known negative sera: negative control.

Prépamion of antigen suspension for VDRL test

. The antigen is an alcoholic solution of lipids {cardio-

fipin and lecithin) and cholesterol. These substances
are not soluble in water.

The, antigen suspension is prepared by mixing the

“ - antigen with the buffer solution for the VDRL test.

The fats are precipitated when they come into
contact with the water and form minute particles
that go into suspension when the mixture is shaken.
The solution should completely cover the bottom of

the bottle.




Materials fc.- preparation of the antigen suspension

. = 30ml na-row-moi:ithed bottle with ground olass
stopper, 3= mm diameter at the bottom

— 1graduated .ipette, 5 ml capacity

— 2graduate pipettes, 1 mi capacity

— Watch wit'. second hand

— VDRL antigen

— VDRL buffer soiution, usuaily supplied wit.s
antigen {re:gent No. 11).

Examine the antigen by holding it agair.:. th: hght. If it
contains particles ¢ precipitate iy shou! 0t be used.

1. Check that the bottom of the bottle is perfectly flat
inside. If not, discard the bottle.

2. Using a 1 m! pipette, measure 0.4 m! of VDRL
buffer solution, as follows:

— place the tip of the pipette against the botto
of the bottle _
— let.the solution flow into the bottle.

3. Using the 1 ml pipette, measure 0.5 ml of antigen

- into the lower half of a 1 mi pipette graduated to
the tip. Check that the antigen in the pipette is
perfectly clear (no precipitate).

(i

4. Keeping the mouth of the pipette tightly closed,
insert the tip into the upper third of the botle.

5, B,eginfrotatihg the bottle, held flat, on the bench top.
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relax the pressure of the finger sealing the mouth of
the pipette so that the 0.5 mi of antigen falis drop
by drap without splashing up on to the pipette.

{This should take about 6 seconds, or 18-20 turns round a circle
of 5 cm diameter.)

E
| 6. While continuing to rotate the bottle, graduaily

7. Blow out the last drop of antigen (without touching
the solution with the pipette)

Continue to rotate the bottle, held flat, for a further
10 seconds.

—5 =

' CIITTS
8. Using the 5 mi pipette, add at once: N
— 4.1 ml of VDRL buffer solution,

9. Replace the ground glass stopper in the bottle.
Shake the bottle up and down about 30 times for
10 seconds.

+ The antigen suspension is ready for use and must be
F . used the same day.

Preliminary testing of antigen suspension

1.. The control sera of graded reactivity (known reactive, weakly reactive, non-reactive) are tested against the
antigen suspension.

2. Reactions with control sera should produce the expected reactivity pattern. The non-reactive serum should

_show complete dispersion of the antigen particles.

3. ‘Do not use an unsatisfactory antigen suspension,




A. VDRL SLIDE QUALITATIVE TEST ON SERUM

1.

Examine the serum to be tested, to see if it is:

— clear
— cloudy .
— haemolysed (pink; do not use).

Set the water bath at 56 °C.

Leave the tubes (plugged with non-absorbent cotton
wool and numbered) in the water bath for 3
minutes. ‘

Examine ail the sera when removed from the water
bath and centrifuge again those in which there is a
deposit.

Meanwhile, check the speed of the rotating machine:

180 r/min, or 15 revolutions per b seconds.

Nuniberlhe, rings dn;the VDRL plate, using 5 grease
or diamond pencil, in the sequence shown in the
diagram. :

Make a note of the numbers of the tubes correspond-
ing to the numbers of the rings.
For example:

Sodium chloride solution: ring 1
Standard non-reactive serum: ring 2
Standard reactive serum: ring 3.

[Cacaca)
B
[CaSacs

Leavg the sera to cool to room temperature before
starting the test (15 minutes after removal from the
water bath).

Pipette into each ring:

.=~ 0,05 ml of the corresponding serum.
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7. Shake the bottle of antigen suspension gently and
immediately, in a single movement, draw about
.6 ml of the suspension into the syringe with the
specially prepared 18-gauge needle.

Let the 1st drop of suspension fall back into the
bottle.

8. Add 7 drop of the suspension to each ring
containing serum.

9. Place the plate on the rotating machine at once.
Rotate for 4 minutes,

Alternatively, rotate the plate by hand, in the
horizontal plane, at the same speed.

10. As soon as the 4 minutes are up, place the plate on
the stage of the microscope.

Examine the rings in numerical order, under the
x 10 objective (eyepiece x 10).




Microscope reading

Non-reactive serum (NR)

A homageneous susgension of fine short needle-like
narticles.

Feartive serumn (R)

Relatively large clumps of particles on a clear
.:ackground.

Weakly reactive serum (WR)

Many smali clumps among free parti..les that have not
been agglutinated. Check this we:+ reaction by a
quantitative VDRL test.

A prozone reaction is occasionally encountered. This
happens when inhibition of reactivity occurs with
undiluted serum and maximum reactivity is obtained
only from diluted serum; thus a weak!’, reaciiv= or non-
reactive resulit in the quzlitative test may be given by a
serum that will be strongly reactive when diluted. All
weakly reactive sera should be retested using the
quantitative procedure before the results are submitted.

Reco: the -esults as folfows
VDR L qualitative test:

— serum reactive

— “serum non-reactive

— serum weakly reactive.

In cases of syphilis

the VDRL test normally gives positive results:

— 3 weeks after the appearance of the primary chancre, i.e.:
— 6 weeks after exposure to the infection.

Important: false paositive reactions

Reagins may occasi?r_mally be found in small amounts in persons who have not contracted a treponematosis but
whose sera give positive results. It is therefore advisable to carry out the quantitative VDRL test on all sera found

reactive.
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VDRL SLIDE QUANTITATIVE TEST ON SERUM

Retest quantitatively all sera that produce reactive and weakly reactive results in the qualitative VDRL slide test.
The dilutions of the serum to be tested are: undiluted (1:1), 1:2, 1:4, 1:8, 1:16, and 1:32. Two tests may be set

up on one slide.

Materials

Additiona! equipment needed for the quantitative test:

Test-tubes and racks

0.2 ml pipettes graduated in 0.01 ml subdivisions

1.0 m! graduated pipettes

19-gauge (1.0-1.1 mm) needle without bevel (should
deliver 75 drops of antigen suspension per millilitre,
when syringe and needle are held vertically, but this

should be checked for each needle before testing is
started)

23-gauge (0.6 mm) needle without bevel (should
deliver 100 drops of scedium chloride solution per
millilitre when syringe and needle are held vertically,
but this should be checked for each needle before
testing is started)

sodium chloride solution,

Method

’I

Place the tubes of serum for quantitation in the
front row of a rack with a tube containing 0.7 mi of
sodium chloride solution directiy behind each.

2. Prepare a 1:8 dilution of each serum as follows:

— add 0.1 ml of serum to the tubes containing
.0.7 ml of sodium chloride solution

Use a 0.2 ml pipette graduated in 0.01 ml sub-
_ divisions.

3. Mix thoroughly and leave the pipette in the dilution

~“tube until all the dilutions are completed.




4. Using the pipette from the dilution tube, transfer
0.04 mi, 0.02 ml, and 0.01 ml of the 1:8 serum
dilution into rings 4, 5 and 6 respectively of a new
VDRL plate with the rings numbered as shown in
the illustration. Blow out the remaining serum
G .ution into the dilution tube.

cic
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5. Using the same pipette, add 0.04 mi, 0.02 ml and
0.01 mi of the undiluted serum to rings 1, 2, and 3
respectively.

@5_
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6. Add two drops of sodium chloride solution to rings
2 and 5 of each serum with a 23-gauge needle and
syringe.

7. Add three drops of sodium chloride solution to rings
3 and 6 of each serum with a 23-gauge needle and
syringe.

EOONOEO OGO || e

cloleliifolcle
clolelliclele
clololliiolole

8. Rotate the plates gently by hand for about 15
seconds to mix the serum and solution.




9. Add one drop of antigen suspensiorn: to each ring
with the special 19-gauge needle and syringe.

i

10. Rotate the plates for 4 minutes (at 180 r/min). Read
the results microscopically immediately after
rotation.

Results
Report the results in terms of the greatest serum dilution that produces a reactive result.

Example
Undituted serum Serum dilutions
1:2 1:4 1:8 1:16 1:32

R R R w N N Reactive, 1:4 dilution

w W R R w N Reactive, 1:8 difution

N (rough) w R R R N Reactive, 1:16 dilution

w N N N N N Weakly reactive, undiluted only
R = reactive

W = weakly reactive
N = non-reactive
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D. MYCOLOGY

42. Pityriasis Versicolor: Direct Examination

Pityriasis versicolor is a common skin disease in hot
climates, caused by the fungus Pityrosporum furfur. The
face and body are covered with patches:

— pale and discoloured in black-skinned patients
— vyellowish-brown in white-skinned patients.

| MATERIALS

, — Adhesive cellophane tape
| ~ Slide

, — Forceps

— Pad of gauze.

If possible, a 104/l {1%) aqueous solution of eosin
{reagent No. 20). Otherwise, examine without staining.

METHOD

1. Choose a rapidly developing patch of infected skin.
Moisten it with a gauze pad dipped in the eosin
solution.

Leave to dry for 1 minute.

(Do not take the specimen if talcum powder has
been used on the skin. Wash first.)

2. Cut a strip of adhesive tape about 5cm long. Place it
over the patch so that it overlaps one edge,




3. Stick the tape on the skin and press firmly from one
end to the other, passmg a tongue depressor or glass

i Th mmismmal S2enan

I'DCI OVer it severar tiimes.

Pull the adhesive tape away with forceps. Place it at
once on a slide, sticky side down.

Examine the whole slide under the microscope (x40
objectlve) until a cluster of large granules {the spores)
is seen. They are white on a pink background if the
skin was treated with eosin, and are also visible in
unstained preparations.

Change to the oil-immersion objective to examine the
details:

{a) The spores:

— in a bunch or cluster

— _round or slightly rectangular
— 3-8 um in diameter

— rather thick wall

— budding sometimes visible.

(b) Mycel/um filaments {more difficult to see)

Iong rods, bent and twisted

, 20-40um long

= 5um wide

= resemble fingers and have branches.
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REPORTING THE RESULT

Direct examination for pityriasis versicolor: clusters of spores (and, if applicable, mycelium filaments) present.

Culture

No culture has yet been possible.

Staining with iodine solution. ladine solution scales the skin and mycelium filaments are mainly found. The
method is not recommended.
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43. Tinea: Direct Examination

Tinea is an infection of the scalp caused by different
fungi and mainly affecting children. Patients lose their
hair in round patches of varying size.

In the laboratory the fungi can be detected by direct
examination of hair under the microscope.

The fungi can also be cultured and identified in
specialized laboratories {(mycological culture).

MATERIALS

Sterile (flamed) tweezers

Slide

Coverslip

Lactophenol cotton blue {reagent No. 34), if
available

200 g/| (20%) potassium hydroxide (reagent No. 41)

Spirit lamp.

COLLECTION OF SPECIMEN

Choose a likely hair from inside the bald patch, but near
the edge. Infected hairs are short, broken, twisted and
duller than the rest; sometimes there is a sort of dry pus
at their roots. '

Apply the tweezers right at the base of the hair. Pull the
hair out firmly but gradually. Affected hairs are usually

loosely fixed in their follicles and brittle.

Place the hair in the centre of a slide, It is advisable to
take hairs from several patches {about 10 hairs
altogether). Three or four can be placed on one slide,
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PREPARATION OF SLIDES

1. Place one drop of lactophenol blue or 20%
potassium hydroxide on the hairs. Cover with a
coverslip.

2. Pass the slide rapidly through a Bunsen burner flame
4 times, to warm it (or hold it over the flame of a
spirit lamp for % minute).

Warning: The stain and particularly the potassium
hydroxide may boil suddenly and spit. Keep your
face well away from the slide when heating it.

MICROSCOPICAL EXAMINATION

Examine under the x 40 (high power) objective, then
use oil immersion if necessary. Look for spores (large

round granules with a transparent membrane) round or
inside the hair.

1. Spores found outside the hair

These are called ectothrix. Forming a sheath around
the base of the hair the following may be found:

{a) Small-spored ectothrix: very small spores
(2-3 um) in several layers {microspores)

(b) Large-spored ectothrix: large spores (5-8 um) in
1 or 2 layers (megaspores).
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2. Spores and filaments found inside the hair

These are called endothrix. The following may be
found in the hair:

(aj Endothrix: chains of large spores (4-8 um),
often in conjunction with mycelium filaments.

(b) Mycelium filaments: clear thick filaments
4-5 um broad, twisted and fragmented,
surrounded by air bubbles in the hair, particu-
larly in potassium hydroxide preparations. On
the scalp, small yellow crusts form at the base
of each infected hair.

Important:

These examinations can be difficult, particularly in the
early stages of the disease.

If in doubt, take an apparently normal hair of the same
length and place it next to the infected hair on the slide
for comparison. Only culture can establish the exact
species of fungus involved.

RECORDING THE RESULT

Direct microséopic examination of hair:

— Ectothrix microspores present.
- lI1En.dothrix filaments present with air bubbles in the
air.

Collection of specimens using ultraviolet light

In specialized laboratories, hair specimens are collected
in a dark-room. The patient’s head is examined under
ultraviolet light. The hairs infected with tinea are often
fluorescent and thus easily seen.
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PART Hil




| A. EXAMINATiON OF URINE

1. Collection of Urine Specimens and Appearance

Urine specimens must be collected:
— in the correct way
— in suitable containers.

if the specimen is not collected properly, the laboratory
findings will be unreliable.

TIME OF COLLECTION

In hospital: where only one specimen is needed, the best
time to collect it is first thing in the morning (the urine
is concentrated).

At the dispensary: have the patient pass the specimen in
the dispensary, if possible.

Schistosomiasis: the best time for collection of
specimens to be examined for schistosome eggs is ' 3 i
between 11h and 17 h (see page 178). ey B

24-HOUR SPECIMENS (occasionally requested) ' ,

The urine is collected in a clear 2-litre bottle with a

stopper. The patient gets up and urinates; this urine is

not collected. All the urine passed during the rest of the

day is collected in the bottle. All the urine passed during

the night is also collected in the bottle. The patient gets

up and collects the first urine of the morning in the /
bottle. The bottle should be taken immediately to the

laboratory. Measure the volume of urine with a

measuring cylinder and record it.

SPECIMEN CONTAINERS
)

For urine collected in the patient’s room use a: RS
— wide-mouthed bottle with stopper.
{If the specimen is intended for bacteriological examin-
ation a sterile container must be used.)

For urine collected in the laboratory use a:
— clean conical urine jar
— or any clean glass container or bottle,

QUANTITY OF URINE TO COLLECT

Collect at teast 50 mi in a suitable bottle.
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PERﬁONAL HYGIENE BEFORE COLLECTION OF
URINE

Women: Patients should wash the genital area in all
cases.
«  Avoid collecting urine specimens during the
menstrual period.

Men:  Washing is necessary only for bacteriological
examinations.

COLLECTION METHODS

Midstream specimens:
These are required for all examinations.

3 separate specimens:

" These are sometimes reguested by the physician, The
patient urinates without stopping into 3 successive urine
jars, marked 1, 2 and 3. It can then be determined, for

example, which jar contains the most blood, pus, ete.

Catheter specimens:

Collection of urine using a catheter must be carried out
by a qualified physician or nurse. The procedure is used
for certain bacteriological tests, mainly in women.
Usually, however, a specimen collected in the normal
way following thorough local cleansing is acceptable for
this purpose.

Infants:

Urine can be collected into a plastic bag with an
adhesive mouth. The bag is fixed around the baby’s
genitaiia and left in place for 1-3 hours, depending on
the examination requested. Colostomy bags can be used.

APPEARANCE OF THE URINE

Describe the appearance of the urine:

— the colour, whether yellow, dark yellow, brown or
colourless ,

— whether clear or cloudy.




2. Specific Gravity and pH of Urine

SPECIFIC GRAVITY (SG)

Specific gravity is measured by means of a urinometer
calibrated from 1.000 to 1.060. (The specific gravity
of distilled water is 1.000 at a temperature of 20 °C).

The temperature of the urine must also be measured
for correct calculation of the specific gravity.

Value of the test

The specific gravity of urine varies according to kidney . -
function.

— Concentrated urine = high SG.
— Dilute urine = low SG.

Materials

— 1 urinometer 3
— 1 thermometer {0-50 °C) ‘
— 1 measuring cylinder (50 ml).

At least 40 ml of urine is required.

Method
.. Pour about 40 ml of urine into the cylinder.

.- Lower the urinameter gently into the urine and
release,

3. Wait for it to'settle. It must not be in contact with
the sides or bottom of the cylinder.

307




4. Read off the SG given on the scale at the surface
of the urine {lowest point of the meniscus).

5. Remove the urinometer. Take the temperature of

the urine at once with the thermometer.

Calculation

Check the temperature at which the urinometer is calibrated {marked on the instrument by the manufacturer).
It is usually 20 °C,

The temperature of the urine has been recorded.

Add to the SG recorded:
— 0.001 for every 3 °C that the urine temperature is above the calibration temperature,

Alternatively, subtract from the SG recorded:
— 0.001 for every 3 °C below the calibration temperature.

Example

The urinometer is calibrated at 20 °C.
The temperature of the urine is 26 °C.
The SG measured is 1.021.

The temperature of the urine is 6 °C higher than the calibration temperature.
Add to the SG figure:

gx 0.001 = 2 x 0.001 = 0.002

The actuatl SG of the urine, therefore, is:
1.021 + 0.002 = 1.023.

Results

Normal SG: 1.020 (normal range: 1.010-1.025).

Low SG:  below 1.010* (kidney or endocrine disorder).
High SG:  above 1.025 (glycosuria, proteinuria).

*A low figure is of no significance if the patient has drunk a large amount of liquid before the test.

Checking the urinometer

Every 3 months check the accuracy of the urinometer in distilied water at the temperature of calibration. The
reading should be 1.000.



MEASUREMENT OF pH

Value of test

iNormal freshly passed urine is slightly acid, with a pH of around 6.0,
In certain diseases the pH of the urine may increase or decrease,

Principle
Coloured indicator papers are dipped in the urine,

The colour changes according to the pH.
The papers are then compared with a standard control chart giving the corresponding figures.

Materials

Watch glasses

Dropper

Forceps

Universal indicator papers (for measuring pH from
110 10)

Indicator papers of limited pH range:

for the 5.0-7.0 range and for the 6.0-8.0 range.

The urine tested must be fresh.

Pl

I

Method

1. Place in a watch glass 1 strip of universal indicator
paper (pH 1-10).
Let a few drops of fresh urine fall on to the paper.

2. Pick the strip of paper up with forceps.
Compare the colour obtained with those shown on
the standard chart. Read off the pH unit given for
the colour most closely matching the test paper.

3. Ac(_:ording to the result obtained, select a strip of
indicator paper for the corresponding limited range.

Example:
— pH 6: indicator paper for the range 5.0-7.0
— pH 8: indicator paper for the range 6.0-8.0.
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4. Repeat the test in ancther watch glass, using the
limited-range paper.

Read off the pH of the urine on the standard chart.
Example: pH =6.2; or pH = 7.5,

The test paper can also be dipped directly into the
urine in the receptacle to obtain a reading of the pH.

Results

Normal pH about 6.0 (limit of normal range from 5.0 to 7.0 during the day).

Acid pH 4.5-5.5 (if persistent: some forms of diabetes, muscular fatigue, acidosis).
Alkaline pH 17.8-8.0 (infections of the urinary tract, vegetarian diet).

pH and crystalline deposits

Determination of the pH of urine is useful for the identification of crystalline deposits (see pages 332-335).
Some crystals are deposited in acid urine only, others in alkaline urine only.

For example:

— Acid urine: oxalates, uric acid.
— Alkaline urine: phosphates, carbonates.

Reminder: Acid fluids have a pH of 0-7 {0 being the most acid).
Alkaline fluids have a pH of 7-14 (14 being the most alkaline).
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3. Detection and Estimation of Glucose in Urine

Principle

* Glucose (sugar found in the urine of diabetics) is a reducing substance: it reduces the b/ue copper sulfate of
Benedict solution to red copper oxide, which is insoluble.

BENEDICT METHOD

Materials

Pyrex test-tubes

Wooden test-tube holder

Beaker

Bunsen burner

Penicillin bottles

Pipette

Benedict qualitative solution (reagent No. 6).

Method
1. Pipette 5 mi of Benedict solution into a test-tube.

2. Add 8 drops of urine and mix well.

3. Boil over a Bunsen burner or spirit lamp for
2 minutes, or stand the tube in a beaker or can of
boiling water for 5 minutes.

Leavef’the mixture to cool to room temperature.
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Roading the result

Examine the mixture for any colour change and for precipitate.

Colour Result (glucose present) Approximate concentration (mmol/litre)
Blue Negative 0
Green A trace 14
Green with yellow
precipitate + 28
Yellow to dark green ++ ' 56 _
Brown +++ 83
Orange to brick-red ++++ 111 or more

Note: For detecting sugar in urine using reagent strips, see page 323.




4. Detection and Estimation of Protein in Urine

[ 1

i

DETECTION OF PROTEIN IN URINE

METHOD USING 30% SULFOSALICYLIC ACID

Prirﬁciple

When sulfosalicylic acid is added to urine containing protein, a white precipitate is formed.

Urine

The urine must be clear. If it is cloudy, filter it through filter paper, or use the supernatant fluid from
a centrifuged urine specimen.

Materials

— Test-tubes

— Graduated 5 ml pipette

— Sulfosalicylic acid 300 g/l aqueous solution
(reagent No. 51).

Method D O OO s
1. Pipette 5 ml of urine into a test-tube,

(

DO OO

(B

2. Using a dropping pipette, add 2 drops of
sulfosalicylic acid solution to the urine,

3 Compare with a tube of untreated urine against
a black background. :
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Results
Positive result

A white precipitate forms on addition of the
reagent. This is a useful technique when large
numbers of urine specimens have to be tested.
Report the results as follows:

. trace
++. e small amount
R e 2 ST moderate amount
S 5 2w oA large amount (opague).
Negative result
No white precipitate forms on addition of the
reagent.

Note: For the detection of protein using reagent strips, see page 323,

ESTIMATION OF PROTEIN IN URINE

Principle

This is a quantitative test using the sulfosalicylic acid method and protein standard tubes (proteinometer) as a
visual comparison method for estimating albumin.

Materials
— 304/l (3%) sulfosalicylic acid solution {(reagent

iHo. 52)
— protein standard tubes.

Method
1. Pipette 1 ml of urine into a small tube of the same
bore size as that of the standard tubes.

Add 3 ml of the sulfosalicylic acid solution,
Mix and leave for b minutes.

3. Compare the cloudiness of the test with that of
- the standard tubes.




Results

Report the amount of albumin in g/1.* If the reading is
over 1g/i, the urine is diluted with sodium chloride
solution and the test repeated, with the necessary
adjustments in the calculations.

Example:

For a 1 in 4 dilution of the urine, use 0.25 ml urine
and 0.75 ml of sodium chloride solution. Mix.
Multiply the result obtained by 4.

*To convert values in mg/100 mi to values in g/!, divide by 100.
Example: 100 mg/100ml x 0.01 = 1g/l.
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5. Bile Pigments in Urine

Value of test

The bile secreted by the liver contains greenish-yellow substances: bile pigments.

In certain liver diseases (jaundice), anaemias and infectious conditions, bile pigments may pass into the blood
stream and be excreted in the urine.

Principle

When iodine (Lugol iodine soiution or tincture of iodine) is added to urine containing bile pigments, a green
colour is produced.

A. LUGOL IODINE TEST

Materials

Test-tubes and rack

10 m| measuring cylinder

Lugol iodine solution {reagent No. 36)
Dropping pipette.

Method

1. Paur into a test-tube:
— 4 ml of urine.

2. Add:
— 4 drops of Lugol iodine solution.

3. Shake the tube,
Observe the colour produced at once,




Results
Negative result
Faint yellowish-brown colour.

Positive result

Green colour:
— palegreen: +
—_ intense green: ++

B. TEST USING FOUCHET REAGENT

This is-a more sensitive test and will confirm results .
obtained by the iodine technique. —

Materials

Test-tubes

Funnel

Filter paper

Dropping pipette or drop bottle
10 ml measuring cylinder U
100g/1 (10%) barium chioride aqueous solution
{reagent No. 5).

Fouchet reagent (reagent No. 27).

Method =2 <
1. Mix in a test-tube: o é
— 5mi of urine L I
— 2.5ml of barium chloride solution. Vi == = N g

A precipitate forms.

2. Filter the mixture.

The precipitate (which contains the bile pigments)
remains on the filter paper.
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3. Unfold the filter paper.

Add to the precipitate on the filter paper:
— 2 drops of Fouchet reagent.

Results
Negative result: no colour change.
Positive result: the precipitate turns green.




6. Urobilinogen in Urine

MATERIALS
+~ Ehrlich reagent (see reagent No. 19).
— Test-tube.
[]
D> OO o@\
METHOD

1. Piperte 5 ml of a fresh urine specimen into a test-tube.
(If the urine is allowed to stand the urobilinogen will
be oxidized and form urobilin, which is not detected
by Ehrlich reagent.)

D O O

2. Add 0.5ml of Ehrlich reagent.

> O OO

oDO OO

3. Allow to stand for 5 minutes.

RESULTS
A deep red colour — indicates increased amounts
of urobilinogen.

A faint pink or brown colour — indicates that
urobilinogen is present in normal amounts.

- Note: For test using tablets, see page 324.
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‘7.‘ Ketoné S‘ub’st'ances in‘ Utine

Value of test
Normal urine does not contain ketone ‘odies.

Acetone and other ketone bodies may appear in the urine:
— in severe or untreated diabetes i _
— in certain other conditions (dehydration, vomiting, malnutrition or after violent exercise).

Principle

When sodium pentacyanonitrosylferrate(2-) (also called sodium nitroprusside}* is added to urine containing ketone
bodies, a purple colour is produced.

MATERIALS

- Test-tubes

— Rack

— 10 ml measuring cylinder

— Dropping pipette

— Sodium pentacyanonitrosylferrate(2-) (crystals)
Glacial acetic acid (+)
Ammonia.

METHOD

1. Preparation of sodium pentacyanonitrosy/ferrate(2-)
solution »

Just before carrying out the test, place a few crystals
of sodium pentacyanonitrosylferrate(2-) in a test-
tube {enough to cover the bottom of the tube).

2, Add 5ml of distilled water.

Shake well until the crystals are almost dissolved.
Not all of the crystals are expected to dissolve as
the solution is saturated.

* The bottle available in your laboratory may be labelied with the internationally recommended name sodium pentacyanonitrosyl-
+ ferrate(2-) or with the older, more widely used, but not recommended name sodium nitroprusside. Both names refer to the same
‘substance, but the labelling practice of different manufacturers varies.
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3. Into another test-tube, measure:
— 10 ml of urine.

4. Add to the urine:
— 10 drops of acetic acid.

'S5, Then add:

— 10 drops of the freshly prepared sodium
pentacyanonitrosylferrate(2-) solution.

6. Mix well.

7. Holding the tip of the pipette against the side of
the tube, let 20 drops (1 ml) of ammonia solution
flow on to the surface of the liquid.

Wait 5 minutes.




RESULTS

Negative result: no change in colour.
Positive result: purple ring at the top of the urine.
Pinkish ring: +. Red ring: ++. Deep violet: +++.

Note: For test using indicator papers or tablets, see page 324.




8. Use of Indicator Papers and Tablets for Urine Examination

Principle
The reagents are commercial products. They may be:

— strips of paper that are dipped in the urine
— tablets on which drops of urine are deposited
— tablets that are put in contact with the urine.

A change of colour occurs when the result is positive,

Instructions for use and precautions
Storage: Keep in a very dry place. Replace the stopper of the bottle immediately after use.
Follow the manufacturer’s instructions.

Value
Advantages:  The method is quick and easy and does not need glassware, balances, or chemicals.

Disadvantages: The reagents are often expensive. Some results are difficult to interpret. Some of the strips
and tablets are not stable and may fail to react.

A. Reagent strips {"dipsticks”)
Follow the manufacturer’s instructions.

B. Tablets
The method of use depends on the test required: see below.

TYPES OF INDICATOR PAPERS AND TABLETS*

1. Test for glycosuria
Test papers (usually impregnated with glucose oxidase and colour reagents).
Positive result: the paper usually turns bluish-purple.

Advantage

Reagent strips treated with glucose oxidase are specific for glucose. They can be used to confirm a weakly positive
result obtained by non-specific tests.

2. Test for proteinuria
Test papers (impregnated with tetrabromophenol blue).
Positive result: the paper usually turns yellowish-green (traces of protein) or blue-green (strong positive).

- Disadvantage
Test papers for protein are often too sensitive; they can give weakly positive results that are false.

*In all cases, follow the manufacturer's instructions closely.
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3. Test for ketone bodies

Pasitive result: the paper turns violet within 30 seconds.

Tablets (usual method):

— place the tablet in a watch glass

— let a drop of urine fall on to the tablet.

Positive result: a violet colour appears within 30 seconds.

Test papers (impregnated with sodium pentacyanonitrosylferrate(2-).

4. Test for urobilinogen
{p-dimethylaminobenzaldehyde).

Tablets. The most commoniy found tablets are used
as follows:

1. Place a small strip of filter paper on a watch glass.
2. Add 5 drops of urine to the paper.

3. Place 1 tablet in the centre of the strip of paper.
4, Let 2 drops of water fall on to the tablet.

Positive result: a red ring appears on the paper round the tablet.

5. Test for biood
Test papers {impregnated with orthotolidine).
Positive result: the paper usually turns blue within 1 minute.




9. Urinary Deposits

Principle

Urine contains microscopic elements in suspension (cells, crystals, etc.). These elements are collected by
centrifuging and a drop of the deposit is examined between a slide and coverslip.

As all these elements in suspension would sediment in the urine if left for a few hours, they are called urinary
deposits.

Collection of urine

Examine a specimen passed in a single urination.

Examine a mid-stream specimen of fresh urine as soon as possible; it should be
— collected in the laboratory

— -orbrought quickly from the patient’s room (within 2 hours of voiding).

The receptacle should be provided by the laboratory.
Women should be instructed to wash the genitalia beforehand (see page 525).
Never carry out the examination on urine kept in the refrigerator.

Value

In certain diseases of the urinary tract the urinary deposits are considerably altered. The following elements may
be found:

— pus

— anabnormal number of red cells

— abnormal crystals, etc.

parasitic forms.

Preservation of urine with formaldeh yde solution

Urine can be preserved for examination of the deposit by adding:
~— 8 drops of 10% formaldehyde solution per 300 ml of urine.

Urine treated in this way cannot be used for any other laboratory tests.

MATERIALS

—Electric or hand centrifuge @
= 15ml conical centrifuge tube
= Capillary dropping pipette (Pasteur pipette), if / / |
- possiblecalibrated to deliver 50 drops per mi

— - Slide and coverslip, 20 x 20 mm

—_ 5 ne'fg?sary, 10% formaldehyde solution (reagent
: 0. .
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PREPARATION OF THE DEPGSIT
1. Mix the urine gently.

2. Pour immediately into a centrifuge tube until
itis % full.

3. Centrifuge at medium speed for 5 minutes.

4. Pour off the supernatant urine by inverting the tube -
quickly without shaking.

{The supernatant urine can be used for chemical
tests).

5. Shake the tube to resuspend the deposit. / \ 7

Draw a few drops of the deposit into a pipette.
Place 1 drop on a slide and cover with a coverslip.
Number the slide with the number of the specimen.

6. Examine under the microscope at once:

— first using the x_10 objective

— then using the x 40 objective

— without a colour filter

— with the condenser lowered enough (or the
‘condenser aperture reduced) to make transparent
elements visible.




THE FOLLOWING MAY BE FOUND IN URINE
DEPOSITS:

red blood cells
leukocytes

yeasts

trichomonas
spermatozoa

epitheliai cells

casts

parasitic egg and larvae
crystals.

[ T O T T O T

A. Red blood cells
They may be:

(a) intact: small yellowish discs, darker at the edges

(8 um)
{b) crenated: spiky edges, reduced diameter (5-6 um)
(c) swollen: thin circles, increased diameter {9-10 um).

There are normally no red cells in the urine.

Note: Red cells can be found in the urine of women if the
specimen has been taken during the menstrual period.
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B. Leukocytes (white cells)

They may be:

{a) intact: clear granular discs, 10-15 um (the nuclei
may be visible)

{b) degenerate: distorted shape, shrunken, less granuiar

(c) pus: clumps of numerous degenerate cells.

. The presence of many leukocytes, especially if in
‘ clumps, usually indicates a urinary tract infection,
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How to express the quantity of red and white cells found in urine deposits
It is important to mention the quantity of the various elements found.
It is important always to use the same method of expressing quantities found.

With:

— 1 drop of urine deposit (1/60 mi)
— 1 coverslip, 20 x 20mm

— x40 objective; eyepiece x 5 or x 6

examine microscopically:

Red cells
0-10 red cells per field /?

\_/
10-30 red cells per field Tl

Over 30 red cells per field

Leukocytes

0-10 leukocytes per field

10-20 leukocytes per field

20-30 leukocytes per field

Clumps of more than 20 degenerate
leukocytes

Clumps and many degenerate
leukocytes

moderate number of red cells

many red cells

Few leukocytes

{normal}

Moderate number of leukocytes

Many feukocytes

Many leukocytes seen in clumps

Full field

C. VYeasts
Do not confuse with red cells.

Size  5-12um
Shape round or oval bodies of various sizes found
together. Budding may be seen.

They are not soluble in acetic acid.

Yeasts are occasionally present in urine containing
glucose. Check that the urine is fresh,
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D. Trichomonas

Size 15 um (2 red cells)

Shape round, globular

Motility motile in fresh urine (they whirl and turn)
Undulating

membrane on one side
Flagella 4 flagella, more or less visible.

See also page 187.

E. Spermatozoa
Occasionally found in the urine of males.

Head very small (5 um)
Fagellum  long and flexible (50 um)
Motility miotile in very fresh urine.

F. Epithelial cells
1. Sgquamous epithelial cells

Large rectangular cells, the product of
desquamation (the shedding of cells from the
epithelium of the urinary tract and organs).
They come from:

— the ureter or

— the vagina.

2. Bladder cells

Large cells, often diamond-shaped, with a distinct
nucleus.

3. Cells from the pelvis of the kidney

, Medium-sizéd;cells (the size of 3 leukocytes),
.7+ granuiar, with a sort of tail.
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4. Cells from the ureter and pelvis of the kidney
Medium-sized oval cells with a distinct nucleus.

If many are present together with leukocytes and
filaments, they may be from the ureter.

if few are present, with no leukocytes, they may
be pelvic cells.

5. Renal cells

Renal cells are small. They are:
— the size of 1-2 leukocytes (L)
— very granular.

The nucleus is refractile and clearly visible. They
are almost always present with protein in the
urine.

I G. Casts

Casts are cylindrical in shape and long, crossing almost
the whole field when examined under the x 40 objective.
They are formed during disease in the renal tubules,
which may fill with blood and other cells and chemical
deposits.

] . Hyaline casts

Transparent and slightly refractile, the ends
rounded or tapered.

(They may be found in healthy persons after
I strenuous muscular effort.)

2. Granular casts -

Rather short casts filled with large granules, pale
yellow in colour, with rounded ends.

(The granules come from degenerate epithelial
...cells from the tubules of the kidney.)




Fine granular casts

The granules are smaller and do not fill the cast.
Do not confuse with hyaline casts (H), partiy
covered by amorphous phosphate crystals.

Blood casts

Casts filled with more or less degenerate red
blood cells, brownish in colour.

Pus casts

Casts filled with degenerate leukocytes.

True pus casts are completely filled with
leukocytes (a). ‘
Hyaline casts may contain a few leukocytes (b).

Epithelial casts
Casts filled with pale yellow epithelial cells.

(To make the cells more distinct, add a drop of
100 g/l (10%) acetic acid to the deposit.)

Fatty casts (rare)

Very refractile yellowish casts, the edges indented
and distinct, the ends rounded. Fatty casts are
soluble in ether but not in acetic acid.

(They are found in cases of severe kidney disease.)




8. False casts

Do not mistake for casts:

— masses of phosphate crystals, short and
clear-cut (a)

— masses of translucent mucus, the ends tapering
into threads (b).

9. Miscellaneous foreign substances

If dirty receptacles or slides are used or if the

urine specimen is left exposed to the air, the

following may be found:

(a) oil droplets (refractile)

(b) starch granules (blue-black with Lugol iodine
solution)

{c) grains of pollen from flowers

(d) hairs

(e) cotton fibres

(f) air bubbles.

H. Eggs and larvae of parasites
(See page 122)

1. Eggs of Schistosoma haematobium: found together
with red cells.

2. Microfilaria of W. bancrofti: the urine appears

white and cloudy.

I. Crystals

Crystals have regular geometric shapes (A), unlike
amorphous debris, which is made up of clumps of
small granules with no definite shape (B).

(a) NORMAL CRYSTALLINE DEPOSITS

1. Calcium oxalate (acid urine) % @

(a) Shape like an envelope \
" Size 10-20um (1-2 red cells) %

or b

- (b) Shape like a whole peanut
Size about 50 um, very refractile.




2, Uric acid (acid urine)
Shape varies (square, diamond-shaped, cubical

or rose-shaped)

Size 30-150 um
Colour vyellow or brownish-red.

3. Triple phosphates (rieutral or alkaline urine)

Shape rectangular (1) or like a fern leaf or star (2)
Size 30-150um
Colour colourless, refractile.

4. Urates (alkaline urine)

Shape like a cactus {1) or a bundle of needles (2)
Size about 20 um (2-3 red cells)
Colour yellow, refractile.

{Often found together with phosphates.)

5. Less common crystals

A.

Calcium phosphate (neutral or alkaline urine)
Shape star-shaped

Size 30-40um

Colour none.

Calcium carbonate {neutral or alkaline urine)

Crystals very small, like millet or corn grains,
grouped in pairs

Colour none.

(1f 100g/! (10%) acetic acid is added they
dissolve, giving off bubbles of gas.)

. Calcium sulfate (acid urine)

Shape long prisms or flat blades, separate
or in bundles
Size 50-100 »m.

{They can be distinguished from calcium
phosphate crystals by measuring the pH of the

“grine.)




{b) AMORPHOUS DEBRIS
1. Amorphous phosphates (alkaline urine/
Granules small, whitish, often scattered.

They are soluble in 100 g/| acetic acid (1 drop
per drop of deposit).

2. Amorphous urates (acid urine)

Granules very small, yellowish, grouped in
compact clusters.

They are not soluble in 100 g/! acetic acid, but
dissolve if the urine is gently heated.

{Urine kept in the refrigerator often shows a
heavy precipitate of urates.)

{c) OTHER CRYSTALLINE DEPOSITS

The following are rarely found in the urine.
When present, however, they are found in large
quantities.

1. Cystine.(acid urine)

Shape hexagonal plates
Size  30-60um
Colour colourless, very refractile.

Found only in fresh urine, as they are soluble
in ammonia.

(Found in cystinuria, a hereditary disease.)

2. Cholesterol (acid urine)

Shape squarish plates, with notches on one side
Size  50-100um
Colour colourless, refractile.

Soluble in ether.

3. Bilirubin (very rare)
Shape various tiny crystals, square or like beads
or needles
Size  5pum (about % red cell)
Colour brown,

- {The chemical test for bile pigments is positive.)




4. Acetyl sulfonamides (neutral or acid urine)

Found in patients following treatment with
suifonamide drugs.

Sulfonamide crystals are varied in shape but most
frequently like sheaves of needles. If large quantities
of unidentified crystals are seen find out whether
the patient is on sulfonamide therapy.

The presence of these crystals should be reported
because they can cause kidney damage.
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10. Pregnancy Tests

It can be determined whether or not a woman is pregnant by testing her urine:
— either using commercial reagents (immunochemical test)
— or injecting the urine into a laboratory animal (biological test).

Collection and preservation of urine

For pregnancy tests the specimen must be collected first thing in the morning. Collect the first urine of the day
into a clean bottle, rinsed with distilled water. Any traces of detergent may lead to a false result. The test should
be performed without delay. If this is not possible, keep the urine in the refrigerator.

A. IMMUNOCHEMICAL TEST

There are many commercial reagents available for this test, which may be carried out:
— in a test-tube
— oron aslide.

1. Test-tube method
Always follow the manufacturer’s instructions closely.

Positive result

The most common commercial reagents produce a
regular brownish-red ring in the bottom of the tube.

Negative result
The liquid remains homogeneous; no ring forms.

2. Slide method

Follow the manufacturer’s instructions. One of the
reagents consists largely of a suspension of latex
particles.

If the test is negative, the latex particles agglutinate
on the slide.

If the test is positive, no agglutination is seen; it is
prevented by substances in the pregnant women's
urine.

B. BIOLOGICAL TEST

Various animals are used, two of the most frequently used being the male toad and the male frog. The urine to
be tested is injected into the toad. If the women is pregnant the hormones in her urine stimulate the toad or frog,
which passes spermatozoa visible under the microscope. Laboratory technicians must be carefully trained in this
procedure by a qualified instructor and must follow his directions as to the choice of toad or frog, the amount of
urine to inject, the incubation period, and microscopical examination of the cloacal fluid of the toad or frog.

When does the test become positive?

Positive results are obtained 9-15 days after the first menstrual period has been missed, depending on the
reagents and test used.




DETECTION OF BLOOD IN URINE

Whole blood can be detected in fresh urine by examining microscopically for red cells the deposit from a
centrifuged specimen (see page 325).
Chemical tests using benzidine are not recommended, as this chemical is known to be carcinogenic.

Reagent strips are available for detecting blood in urine (see page 324).
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B. EXAMINATION OF CEREBROSPINAL FLUID

11. Collection of CSF: Appearance

CSF = Cerebrospinal fluid

Where is CSF found?

CSF is contained in the cavity that surrounds the brain
in the skull and the spinal cord in the spinal column.

It nourishes the tissues of the central nervous system
and helps to protect the brain and spinal cord from
injury.

Meningitis is an inflammation of the meninges, the
membranes lining the skull and covering the brain

and spinal column.

Volume of CSF
The volume of the CSF in adults is 100-150 ml.

COLLECTION INTO 2 TUBES

The specimen may be collected only by:
— aphysician or
— aspecially trained nurse.

1. The lumbar puncture needle is inserted between
the 4th and 5th lumbar vertebrae to a depth of
4-5cm. The stylet is withdrawn and the fluid

flows through the needle.

2. The CSF is collected in 2 tubes, numbered 1 and 2:
. — tube 1: a few drops in a sterile container

= tube 2: 6-7ml.
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Tube 1 is discarded if it contains many red cells.

Tube 2 is used for:
a description of the appearance
* — the leukocyte concentration
— glucose estimation
— total protein testing
— Pandy test for globulin
— microscopical examination:
{(a) a wet preparation for trypanosomes
{b) a Gram-stained preparation for other organisms
{(c) Ziehl-Neelsen-stained preparations for acid-fast
bacilli.

APPEARANCE OF THE CSF

This should be mentioned in the report.
A. Clear CSF: normally the CSF is clear and colourless.

B. Cloudy CSF: it may be slightly cloudy or greyish-
white, showing that pus is present.

C. Bloodstained CSF: the fluid is cloudy and pink
or reddish

— either because of injury to blood vessels in the
course of the puncture {in this case there is more
blood in tube 1 than in tube 2)

— -or because of a subarachnoid haemorrhage (in
this case both tubes are the same colour).

if only one tube of CSF is available, wait for the red
cells to settle {or centrifuge) and examine the
supernatant fluid.

1. If the supernatant fluid is clear, the blood is there
because of accidental injury to a blood vessel.

2. If the supernatant fluid is stained, the blood is
there because of a subarachnoid haemorrhage.

e
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D. Xanthochromia: yellow discoloration of the CSF.
This may be caused by:
— an old haemorrhage
— severe jaundice
— spinal constriction.

E. Clot formation (Mention the presence of clots
in the report.)

Examine the tubes of CSF 10 minutes after
collection to see whether clots have formed:

1. Normal CSF: noclots.
2. Clots may be found in certain diseases:
— tuberculous meningitis: single or numerous
fine small clots that can easily be overlooked
— purulent meningitis: a large clot
— spinal constriction: the CSF clots
completely. *




RECAUTIONS TO BE TAKEN WHEN EXAMINING THE CSF IN THE LABORATORY
1. Do not delay in testing the CSF

Cells and trypanosomes are rapidly lysed once the CSF is removed Glucose too is rapidly destroyed, unless
preserved with fluoride oxalate (see page 344).

. Work carefully and economically

Often only a small quantity of CSF is available for examination. The specimen is difficult to collect so do not
waste any of it.

. The fluid may contain virulent organisms

Therefore use pipettes plugged with non-absorbent cotton wool, or use a rubber bulb to draw up the fluid in
the pipette.
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12. Leukocyte Concentration in the CSF

Principle

The CSF may contain leukocytes in varying quantities in certain diseases.

The fluid is examined to determine:

1. the total number of leukocytes — the white cell concentration {"'count’’) (using a counting chamber)
2. the types of leukocyte present — identification {after staining with a Romanowsky stain).
Important:

The cell count must be carried out as soon as possible after collection of the specimen, since the cells are
rapidly lysed.

TOTAL LEUKOCYTE CONCENTRATION IN THE CSF

Materials

— Fuchs-Rosenthal counting chamber
(if not available, an improved Neubauer counting
chamber may be used)

— Pasteur pipette with rubber teat

— Turk solution (reagent No. 55).

Method
1. Cover the counting chamber with the coverglass

supplied.

2. Gently mix the CSF.

Fill the chamber with the fluid:
— undiluted, if the CSF appears clear
— diluted, if the CSF appears cloudy.

Make a 1 in 20 dilution using 0.05 ml of the CSF
and 0.95 ml of Turk solution. Pipette into a small
bottle and mix.

3. Leave the counting chamber on the bench for
5 minutes to allow the cells to settle. Place the
chamber on the microscope stage.

4, Count the cells in 1 cubic millimetre of CSF, using
the x 10 objective. When reporting in S| units,
report as “number x 10%/1""; the value does not
change, Example: 150 cells per mm? are reported
as “150:x 10¢/1*":

Important:

If using undiluied CSF, examine the cells using the x 40 objective to make sure that the cells are leukocytes.
If red cells are present, make the count using the x 40 objective.




The Fuchs-Rosenthal ruled counting chamber has an

area.of 9 mm? (modified chamber) or 16 mm?. The

depth of the chamber is 0.2 mm. 1 p ;J;
Cotint the cells in 5mm? using squares 1, 4,7, 13

and 16.

Using undiluted CSF no calculation is necessary; the
number of cells counted gives the number per cubic

millimetre of CSF. 8 .
Using diluted CSF, the number of cells counted

multiplied by 20 gives the number of cells per mm3 i

of CSF.

Using an improved Neubauer chamber, count the ceils

within the entire ruled area, which is 9 mm?.

Using undiluted CSF, multiply the cells counted by
10 and divide by 9 to give the number of cells per

mm? of CSF.

a
S

Using diluted CSF, multiply the cells counted by 20

and divide by 9 to give the number of celis per mm?

of CSF.

LEUKOCYTE-TYPE NUMBER FRACTION
(“DIFFERENTIAL WHITE CELL COUNT")

If the CSF does not contain many cells (under
200 x 10%/1):

1. Centrifuge the CSF at high speed for 10 minutes.
Remove the supernatant fluid into another tube
{to be used for other tests).

2. Mix the deposit by tapping the end of the tube.
Spread on a clean slide and leave to dry.

Fix with methanol and stain with a Romanowsky
stain as described on page 393.

Examine the cells,

If there are many cells in the CSF:

— pipette 1 drop of uncentrifuged, mixed CSF on
to a slide

— make a thin smear and leave to dry

— fix and stain as described on page 393.

Results
Normal CSF: less than 5 x 10° white cells per litre (less than 5 per mm?)

Increased number of cells can be found in:

Bacterial meningitis — mostly neutrophils
.(meningococcal, H. influenzae , pneumococcal)
Tuberculous and. viral meningitis — mostly lymphocytes
African trypanosomiasis — mostly lymphocytes, but Mott cells may be seen,

as well as trypanosomes.
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13. Glucose Estimation in the CSF

Principle
In meningitis (especially purulent meningitis) the glucose in the CSF is greatly reduced.

MATERIALS

As described under blood glucose estimation (see page 429).

METHOD

1

As described under blood glucose estimation, except that four times the amount of CSF is used as compared
with blood.

The CSF glucose in the healthy individual is 2.5-4.2 mmol/l.*

Important:

As the glucose in the CSF is rapidly destroyed once the fluid is collected, it is important to carry out giucose
estimation as soon as possible.
If there is likely to be a delay, the CSF should be preserved in fluoride oxalate (see reagent No. 23).

*In traditional units, 45-75 mg/100ml.
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14. Protein in the CSF

Principle

The total protein in the CSF is measured by diluting the CSF in 3% sulfosalicylic acid and comparing the
cloudiness produced against a set of protein standards.
A raised globulin level in the CSF is shown by adding the CSF to a phenol solution, in the Pandy test.

MATERIALS

— CSF: centrifuge the CSF and use the supernatant
fluid

304g/! sulfosalicylic acid (reagent No. 52

Pandy reagent (reagent No. 40) :
Graduated pipettes

Protein standards (see page 314).

METHOD FOR TOTAL PROTEIN

1. Pipette 3 ml of 30g/! sulfosalicylic acid into
a test-tube that matches those of the standard
tubes.

2. Add 1 ml of clear CSF supernatant fluid and mix.
Leave the tube for 5 minutes.

3. Compare the cloudiness of the test against the
protein standards.
Record the CSF protein in g/I.

Resuits
The normal CSF protein is 0.1-0.459/1.*

The CSF protein is increased in:

-~ 'meningitis, subarachnoid haemorrhage or spinal
_ constriction

— African trypanosomiasis.

*{n traditional units, 10-45 mg/100ml.
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PANDY TEST FOR GLOBULIN
Method

1.

Measure into a small test-tube:
— 1 ml of Pandy reagent.

Place the tube in front of a piece of biack
cardboard.

Using the dropping pipette, siowly add:
— 3 drops of CSF.

Examine the solution after the addition of
each drop.

Read the results immediately.

Results

Positive test

A white cloud forms as the drops of CSF mix
with the reagent.

Negative test

No white cloud forms as the drops of CSF mix with
the reagent, or there is a slight cloudiness that
redissolves.

Report the test as ‘‘Pandy test positive’’
or ‘Pandy test negative"'.
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| 15. Microscopical Examination of the CSF

Microscopical examination of CSF includes:
1. Examination of a direct wet preparation for trypanosomes in areas where African trypanosomiasis occurs.

2. Examination of a Gram smear for organisms that cause meningitis, e.g. meningococcus, pneumococcus,

Haemophilus influenzae.
3. Examination of a Ziehl-Neelsen smear if tuberculous meningitis is suspected.

4. Examination for fungi, if suspected.
The above examinations are made using the deposit from centrifuged CSF.

1. DIRECT WET PREPARATION FOR
TRYPANOSOMES

Place 1 drop of CSF deposit on a slide and cover

with a coverglass.
Examine the preparation using the x 40 objective.

Results

The finding of motile trypanosomes in the CSF means
that the later stage of the disease has been reached, in
which the central nervous system has become infected.
The CSF protein is raised with a positive Pandy test.
The fluid also contains increased number of leukocytes.

In a stained preparation the leukacytes can be
identified as lymphocytes, and Mott cells can often
be seen (M). These are large cells containing vacuoles
and large amounts of immunoglobulin M that stain
dark with the easin part-of Romanowsky stains (see

page 391).
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2. GRAM SMEAR FOR MENINGI

Make a smear of the CSF deposit and allow to dry
in the air.

Stain the smear by the Gram method as described
on page 235.

Results

Any organisms seen in the Gram smear are repo
by their:

"~ Gram reaction: positive or negative

— morphology: cocci, diplococci, bacilli, etc.
— numbers found.

A definite species identification cannot be ma
a stained smear only. Culture of the organism
necessary.

ﬂ)

The organisms that cause meningitis include:

A. Meningococci

— Gram negative
— diplococci, lying side by side
— intraceltular, inside the neutrophils.

They may occasionally be seen outside the cells
and may be few in number.

8. Pneumococci

~ Gram positive

— diplococci, lying end to end

—. surrounded by a capsule, which is not visible
by Gram stain

— usually many.

C. Haemophilus influenzae (especially in young
childrenl

—~ Gram negative

— small bacilli {(coccobacilli)
— not intracellular

— often numerous.




In all the above-mentioned forms of meningitis the leukocytes present are neutrophils.

Gram positive bacilli
Very rarely found. May belong to the Listeria group. Culture is essential.

3. ZIEHL-NEELSENPREPARATION FOR
TUBERCULOUS MENINGITIS

If tuberculous meningitis is suspected the CSF

is allowed to stand and a delicate clot may form.
This should be removed, spread on a slide and
stained by the Ziehi-Neelsen methods, as described
on page 249.

Resuits

I1f organisms are seen, report the smear as ““AFB
present’’.

4. FUNGI IN THE CSF

Fungi {very rare) may be observed in the smear stained
by the Gram method.

Cryptococcus neoformans (cloudy CSF with
lymphocytes)

Add:
— 1 drop of centrifuged CSF deposit
— 1 drop of Indian ink.

Examine the mixture between a slide and coverslip.

The fungus appears as follows:

— round budding spores containing greyish
granulations

— each group of 1-3 spores surrounded by a
colourless capsule.

Candida (clear with a few leukocytes)

In an unstained wet preparation, the following are
seen:

— oval budding spores

— short mycelium filaments.
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DISPATCH OF CSF FOR BACTERIAL CULTURE

Before dispatch, keep the CSF in the incubator at 37 °C. Do not put it in the refrigerator.

Use ‘‘Transgrow’’ medium if available, otherwise use Stuart transport medium (reagent No. 50).

Using *Transgrow’ medium (for the isolation of
meningocacci)

This is the best method, if bottles of the medium are
available. The mediurn is supplied as follows:
— in 30 ml bottles
— containing 8 mi of solid medium (along one side
of the flat bottle) :
— filled with a mixture of air {90%)} and carbon
dioxide (10%).

Follow the instructions given for gonococci on
page 245.

I possible, sow centrifuged CSF deposit on the
medium; otherwise use untreated CSF.

‘ , Preservation time: up to 4 days at room temperature.
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16. The Blood Cells

L ScFIARENMIATVLVAG Y

Haematology is the study of the blood, which includes the blood cells and the fluid surrounding them.

THE BLOOD CELLS

Blood cells can be examined under the microscope.
There are 3 different types:
1. Red blood cells, also called erythrocytes

Appearance

Size

Nurnber
concentration

Function

round cells filled with haemoglobin
Red cells on their side look like
biconcave discs; they do not contain
nuclei

7.5um

about 5 x 10'2 per litre (5000 000
per mm?3)} of blood

The red cells carry haemoglobin,
which combines with and carries
oxygen from the lungs to the tissues.
They aiso carry carbon dioxide from
the tissues to the lungs, thus removing
the principal material to which most
organic substances are metabolized

in the body.

2. White blood cells, also called leukocytes

Appearance

Size

Number
concentration

Function

round, each containing one nucleus
and a few granules

9-20 um

about 8 x 10? per litre (8000 per
mm-) of blood

defence of the body against
infection.

3. Pilatelets, also called thrombocytes

Appearance

Size

< Number
concentration

Function

fragments of cells of various shapes
{triangular, star-shaped, oval, etc.),
with granules

2-5um

about 300 x 10? per litre (300 000

per mm3) of blood

important in the clotting of the
blood. '
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Volume of blood in the human body

An adult weighing 60 kilograms has about 4% litres
of blood.

There is therefore no dangzr involved in taking ' litre
of blood for transfusion, and no risk in taking two

10 ml tubes or more for analysis. Make this clear to
anxious patients when you take their blood.

10Omi

Clotting of blood

When blood is collected in a glass tube it solidifies
within 5-10 minutes, forming a clot; it has
coagulated.

If a special anticoagulant is added to the blood as
soon as it is collected, clotting is prevented and the
blood remains fiuid. Examples of anticoagulants:
fluoride oxalate, trisodium citrate, EDTA dipotassium
salt solution, Wintrobe mixture {see page 465 et seq. ).

What happens to clotted blood

After several hours, clotted blood separates into two
components:

1. the serum, a yellow liquid

2. the clot, a solid red mass.

What happens to unclotted blood

Blood treated with an anticoagulant separates into
two liquid components:
1. the plasma, a yellow liquid
2. the bload cells, which sediment:
— a thin layer of white cells and a deposit
of red cells.

What is the difference between plasma and serum?

— Plasma contains a soluble protein called fibrinogen.

— Serum does not contain this protein. The
fibrinogen is changed into insoluble fibrin, which
together with the red cells forms the clot.
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17. Collection of Venous Blood

Principle

Venous blood is collected from a vein in the arm with
a needle and syringe.

MATERIALS

For disinfecting the skin

— 70% ethanol, or tincture of iodine
— Cotton wool.

For the venepuncture

~ A tourniquet of soft rubber tubing, 2-5 mm bore.
— Needles
length: 30-40 mm
diameter or gauge: 0.9 mm (20 gauge)
}? mm (19 gauge)
1.2mm (18 gauge)

bevel: medium.

{Needle sizes are usually indicated by tength and diameter.)
For taking blood from children under five, 23 gauge
(0.6 mm) or 25 gauge {0.5 mm) needles can be used.

Keep a stock of sterile needles in small glass tubes: the
point should rest on a pad of non-absorbent cotton
wool and the tube be plugged with the same material.

For collection of blood
(a) Syringes (of 2, 5, 10 or 20 ml capacity)

Check that the end of each syringe fits into the
geedle.

Pravaz-Record syringe
L. = Luer syringe (American)
LL. = Luer-Lok syringe.

(b) Bottles or tubes

These should either be empty or contain an
antigoaculant (for anticoagulants see pages 68-69).
and should bear a mark corresponding to the
required amount of blood (e.g. at the 5 ml level).
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METHOD

Read carefully the patient’s request form.

— Decide how much blood is needed.
— Prepare the correct bottle or tube to be used for
each test.

Before taking the blood, wash your hands with soap
and water.

Patient in the laboratory

Ask the patient to sit alongside the table used for
taking blood.

Lay his arm on the table, palm upwards, and suppert
it by placing a small cushion under the elbow.

Patient in bed
Lay the patient’s arm in an outstretched position.

Where to take the blood

The correct site is the vein in the bend of the elbow,
at its thickest and most easily visible point, preferably
one of the branches forming a Y just above their
junction (1),

If necessary, points 2, 3and 4 can be used as alternatives.




Using a syringe

1. Fix the needle on to the syringe, touching only the
top of the needle. Test the needle and syringe to
make sure that the needle is not blocked and the
syringe is airtight.

Place the end of the needle in the sterile tube until
ready for use,

Apply the tourniquet.

2. With the right hand, wrap the tourniquet firmly
round the arm and hold the ends.

3. With the left hand, pull one of the ends across.

4. Loop it under the main part of the tourniquet.
The tourniquet should be just tight enough to slow
down the blood flow in and distend the veins,
but it must not be so tight that the blood flow in
the arteries is diminished.

5, Ask the patient to open and close his hand several
. times, to swell the veins.
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6. Using the index finger of your left hand, feel for
the vein where you will introduce the needle.

7. Disinfect the skin with a swab dipped in tincture
of iadine or ethanol.

8. Take the syringe in the right hand, holding your
index finger against the top of the needie.

9. Position the needle with the bevel uppermost.

Make the venepuncture entering the centre of
the vein without hesitation.

Important:

Never approach a vein from the side.
Never introduce a needle with the bevel downwards.
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You will feel the needle going through:
{a) the layer of skin, which is resistant

{b} then the wall of the vein, which is less
resistant {more flexible).

10. Push the needle along the line of the vein to
a depth of 1-1.5cm.

11. With your left hand pull back the piston of the
syringe slowly. Blood should appear in the syringe.

Continue to withdraw the piston to fill the syringe
with the amount of blood required.

12. Remove the tourniquet by pulling on the looped
end.

13. Apply a dry swab over the hidden point of the
needle. Withdraw the needle in one rapud movement
from under the swab.
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14. Ask the patient to press firmly on the cotton wool
swab-for 3 minutes, keeping his arm outstretched.

Bending the arm back over the swab is no longer
recommended (because of the risk of a haematoma).

15. Remove the needle from the syringe.
Fill the specimen tubes or bottles with the blood
up to the mark.

Invert the bottles that contain anticoagulant several
times.

16. Label the bottles clearly with:
— the patient’s name
— the date
— the patient’s outpatient or hospital number,
if this is available.

Rinse the needle and syringe at once with cold
water.

COLLECTION OF CAPILLARY BLOOD

A few drops of blood taken from the finger (or toe in
infants) are enough for certain laboratory examinations.
Examples:

— blood cell number concentrations (‘‘count’’)

— erythrocyte volume fractions

— haemoglobin estimation

~— detection of parasites.

The following may be used:

— - disposable blood lancets
— sterile lancets
— Hagedorn needles (No. 7 or 8).

For the method of collecting capillary blood, see page
189.
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STERILIZING OF LANCETS AND NEEDLES

Clean lancets and needles are placed in small glass
tubes plugged with non-absorbent cotton wool and
sterilized in the autoclave or the dry-heat sterilizer.
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18. Leukocyte Number Concentration

cell “count’.)

Principle

The blood is diluted in a leukocyte diluting fluid which:
— haemolyses (destroys) the red cells
— leaves the white cells intact.

cells in every litre of blood is calculated.

Purposes

a marked increase.

The number of leukocytes (white cells) contained in 1 litre of blood is called the leukocyte number concentration.
(In traditional units, it is expressed as the number of cells per cubic mitlimetre and is called the leukocyte or white

The leukocytes (white cells) are then counted in a counting chamber under the microscope, and the number of

In certain diseases the number of leukocytes in the blood is altered. For example, in some infections there is

MATERIALS

Pipettes

1. Blood pipette graduated to the 50 ul (0.05ml
or 50 mm?3) mark with rubber tubing and mouthpiece.

The use of bulb pipettes is not recommended as they are
ipaccurate, difficult to use and clean, and more expensive.

1 ml graduated pipette.

G

Different types of ruled chamber can be used, including:

— improved Neubauer, preferably ‘‘bright-line”
- Burker.

The Thoma chamber has a small ruled area and is therefore
not recommended for leukocyte counts.

The counting chamber is covered with a special cover
glass supplied with the chamber.

Diluting fluid
— Turk solution (reagent No. 55).
~Hand tally counter, if possible.




METHOD

1. Pipette 0.95 mi of diluting fluid into a small
bottle, using the 1. ml graduated pipette,

N

14
. Draw venous or capillary blood to the 0.05 ml mark
of the blood pipette. Do not allow air bubbles to
enter. With venous blood ensure that it is well
mixed by inverting the bottle containing it and the
anticoagulant (see page 68) repeatedly for about
1 minute immediately before pipetting it.

. Wipe the outside of the pipette with absorbent
paper. Check that the blood is still on the mark.

. Blow the blood into the bottle of diluting fluid.
Rinse the pipette by drawing in and blowing out
the fluid 3 times.

The dilution of the blood is 1 in 20.

- Label-the bottle with the patient’s name or number.

5. Attach the coverglass to the counting chamber,
- pressing it carefully into place,

.- When the coverglass is properly attached, coloured bands,
- calle‘g Newton's rings, appear between the two glass surfaces.
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6. Mix well the diluted blood.
Using a Pasteur pipette fill the counting chamber.
Take care not to overfill beyond the ruled area.

Important: |f the liquid overflows into the channel
between the 2 chambers, you must start again:
remove the coverglass, clean it and the counting
chamber, and refill with another drop.

7. Leave the counting chamber on the bench for
3 minutes to allow the cells to settle.

8. Place the chamber on the stage of the microscope.
Use the x 10 objective (x 6 or x 10 eyepieces).
Reduce the amount of light entering the condenser
by adjusting the iris diaphragm. Focus the rulings
of the chamber and the leukocytes.

Do not mistake pieces of dust for leukocytes.




" Counting of leukocytes
{a) Using the improved Neubauer ruled chamber

— Area of chamber = 9mm?
— Depth of chamber = 0.1mm
Count the cells in an area of 4 mm? using the TTHTT
squares numbered 1, 3, 7 and 9 as shown in [d -
the diagram. C i
Include in the count the cells seen on the lines
of two sides of each square counted, as shown 4 l} ﬂ
below.
This square represents one of the four counted, P -
ie 1,3, 7and9. 1gi e : E
— o . o
3118 1o S i s 2 Soas
® | o 9
@ @ 0 @ @ ;_ o o
A 1
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Calculate the number of cells in 1 litre of blood:*

~ Multiply the number of cells counted in the four squeares by 0.05
— Report the result as “‘number x 10° /1"’

Example:

Number of cells counted = 188

Cells in 1 litre = (188 x 0.05) x 10°

Result reported: 9.4 x 10%I

Expianation of calculation

Each of the four squares in which cells are counted has an area of 1 mm?; the total area is therefore 4 mm?2. The
chamber depth is 0.1 mm, therefore the volume in which cells are counted is 4 x 0.1 = 0.4 mm3. Thus division

by 4 and multiplication by 10 will give the number of cells in 1 mm? of diluted blood. Since the dilution is 1 in

20, multiplication by 20 will give the number of cells in 1 mm? of undiluted blood. Finally, there are 1 million
(10°) cubic millimetres in 1 litre, so multiplication by 10°¢ will give the number of cells per litre of undiluted blood.
This may be summed up as follows:

Cells per litre < cells count:d x 10 x 20 x 10°
= cells counted x 50 x 108

cells counted x 0.05 x 10°

Example:
188 cells are counted in the four squares. The number of cells per cubic millimetre of undiluted blood is therefore
188 x 10 x 20
———4——'(= 188 x 50 = 9400)
1
and the number per litre is _Eg_x_;O_x?_Q x 10% = 9400 x 10° = 9.4 x 10°

* The calculation and example are given in SI units. However, the traditional unit (number of cells per cubic millimetre) is also
explained in-the text. (Multiplication of the number of ceils counted by 50 gives the number of cells per cubic millimetre.)
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(b) Using the Biirker ruled chamber

— Area of chamber = 9mm?
— Depth of chamber = 0.1 mm

Count the cells in an area of 4 mm? using the squares
numbered 1, 3, 7 and 9, as shown in the diagram.

Include in the count the cells seen on the lines of
two sides of each square counted (see page 363).

Calculation and example: as for improved Neubauer
ruled chamber. UL

RESULTS

Normal range

Sl units Traditional units

(cells x 10° per litre) {cells per mm?)

Men and women 4-10 4 000-10000
Children of 10 years 4-10 4 000-10000
Children of 3 years 4-11 4000-11 000
Infants (3-9 months) 4-15 4 000-15 000
Newborn infants 10-20 10000-12000

High values

An increase in the total number of circulating white cells is called leukocytosis, This can occur with certain
pyogenic bacterial infections. In leukaemia, leukocyte number concentrations of 50 x 10% to 400 x 10%/I

(50 000/mm?* to 400 000/mm?), or even higher values, can be found. It is then necessary, when determining the
number concentration, to use a greater dilution of blood — for exampte, 0.05 ml of blood and 1.95 ml of diluting
fluid, which gives a dilution of 1 in 40. If this dilution is used, the number of cells counted is multiplied by 0.1
instead of by 0.05 in order to give the number x 10° per litre {if traditional units are being used, multiply by 100
instead of 50 to give the number per cubic millimetre).

Low values

A decrease in the total number of circulating white cells is called Jeukopenia. This can occur with certain infections
including typhoid fever and malaria. Leukopenia is also seen following treatment with certain drugs. When the
leukocyte number concentration is very low, it is necessary to dilute the blood less — for example, 0.05 ml of blood
and 0.45 ml of diluting fluid, which gives a dilution of 1 in 10. If this dilution is used, the number of cells counted
is multiplied by 0.25 instead of by 0.05 to give the number x 10° per litre (if traditional units are being used,
multiply by 25 instead of 50 to give the number per cubic millimetre).

Correction for nucleated red cells

Nucleated red cells or normobiasts (see page 403) are not normally present in the blood. They may, however,

be present in the blood in certain diseases such as sickle cell anaemia and other haemolytic anaemias. Normoblasts
are not haemolysed in the diluting fluid and are therefore counted with the leukocytes. When normoblasts are
present in large numbers, the leukocyte number concentration must be corrected as follows.

Examine a thin Romanowsky-stained blood film (see page 393) and count the number of normoblasts seen for
every 100 white cells,




Calculation*
The number concentration of normablasts (per litre) is:

No. of normobtasts counted
100 + No. of normoblasts counted

x leukocyte number concentration

Example

If 50 normoblast: are counted and the leukocyte number concentration is 16 x 10%/1, the number concentration
of normoblasts is:

50
100 + 50

and the corrected leukocyte number concentration is 16 — 5.3 = 10.7 x 10%/I.

x 16 = 5.3 x 10%

* In traditional units, the concentrations of normaoblasts and leukocytes are expressed per cubic millimetre. In such units, the
calculation for the example given would be:

50 - 3
100_'_&mx 16000 = 5300/mm

Corrected leukocyte or white cell count = 16 000 — 5 300 = 10 700/mm?>.




" 19. Erythrocyte Number Concentration

The number of erythrocytes (red cells) contained in 1 litre of blood is called the erythrocyte number
cancentration, {In traditional units, it is expressed as the number of cells per cubic millimetre and is called
the erythrocyte or red cell “‘count”.) Accurate determinations of the erythrocyte number concentration are
difficult to make with a counting chamber, and it is recommended that the erythrocyte volume fraction
{haematocrit, PCV) and the haemoglobin concentration be determined instead. However, the counting of red
cells is described for places where the erythrocyte volume fraction cannot be determined.

Principle

The blood is diluted in a red cell diluting fluid.

The red cells are counted in a counting chamber under
the microscope, and the number of cells in every litre
of blood is calculated.

MATERIALS

Pipettes:

{a) blood pipette (often called Sahli pipette)
graduated to the 0.02 ml (20 mm3 or 20 ul)
mark, with rubber tubing and mouthpiece.

The use of bulb pipettes is not recommended as they
are inaccurate, difficult to use and clean, and more
expensive,

{b) 5 m! graduated pipette.

— Counting chamber. Several counting chambers can
be used; the use of the improved Neubauer ruled
chamber will be described.

— Diluting fluid — formaldehyde citrate solution
{reagent No. 24).

— Hand tally counter, if possible.

METHOD

1. Pipette 4.0 ml of diluting fluid into a small
bottle, using the 5 mi graduated pipette.

2. Draw venaus or capillary blood ta the 0.02 ml mark
of the blood pipette. Do not allow air bubbles to
enter. With venous blood ensure that it is well
mixed by inverting the bottle containing it and the
anticoagulant (see page 68) repeatedly for about
1 minute immediately before pipetting it.




. Wipe the outside of the pipette with absorbent
paper.
Check that the blood is still on the mark.

Blow the blood into the bottle of diluting fluid.
Rinse the pipette by drawing in and blowing out
the fluid 3 times.

The dilution of the blood is 1 in 200.

Label the bottle with the patient’s name or
number.

. Attach the coverglass to the counting chamber
as described on page 361.

Mix well the diluted blood.

Using a Pasteur pipette, fill the two ruled areas
of the chamber. Take care not to overfill beyond
the ruled areas.

. Leave the counting chamber on the bench for
3 minutes to allow the cells to settle.

Place the chamber on the stage of the micrcscope.

Use the x 10 objective, find the centre square of
the chamber, then change to the x 40 objective
to count the red cells.
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Using an improved Neubauer ruled chamber:

Count the cells in an area of 0.2 mm?, using the N
squares marked A, B, C, D and E. ' ‘ i

Include in the count the cells on the lines of two ! f N !
sides of each square counted as shown below. ‘

o -

‘This square represents one of the five counted, i.e.
A,B,C,Dand E. =
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Calculate the number of cells in 1 litre of blood:

— Multiply the number of cells counted in the first group of five squares by 0.01
— Do the same with the number of cells counted in the second set of five squares

— Take the average of the two figures

— Report the result as “‘number x 10'2/1”

Example:

Number of cells counted in (a) first ruled chamber = 390
Number of cells counted in (b) second ruled chamber = 370

Cells per litre (a) (390 x 0.01) x 10*2
= 3.9 x 10"?
Cells per litre (b) = (370x 0.01) x 102 = 3.7 x 10"?

Average (result reported) = 3.8 x 103/l

Explanation of calculation

Each of the five squares in which cells are counted has an area of 0.04 mm?; the total area is therefore 0.2 mm?,

The chamber depth is 0.1 mm, therefore the volume in which cells are counted is 0.2 x 0.1 = 0.02 mm?. Thus
-division by 2 and multiplication by 100 (i.e. multiplication by 50) wiil give the number of cells per cubic millimetre

of diluted blood. Since the dilution is 1 in 200, multiplication by 200 will give the number of cells in 1 mm? of

undiluted blood. Finally, there are 1 million (10%) cubic millimetres in 1 litre, so multiplication by 10° will give

the number of cells in 1 litre of undiluted blood. This may be summed up as follows:

Cells per cubic millimetre = cells counted x 50 x 200 = cells counted x 10000
Since the concentration of red ceils is so high, it is easier to write it in millions.

Cells per cubic millimetre = Sohs.counted x 10000 o .
1000000
= (cells counted x 0.01) millions
(cells counted x 0.01) x 108
The number of cells in 1 litre will be 10° times this number, therefore:
Cells per litre = cells counted x 0,01 x 10% x 10¢

= cells counted x 0.01 x 10"

Example:
390 cells are counted in the first group of five squares. The number of cells in 1 mm? of undiluted blood is
therefore 390 x 0.01 x 10¢ = 3.9 million. The concentration per litre of undiluted blood is 390 x 0.01 x 10'?,

. or39x 10"/




' 'RESULTS

Normal range
Traditional units:

S) units: millions of cells per
cells x 10'? per litre cubic millimetre
Men 45-55 45-55
Women 4.0-5.0 4.0-5.0
Children (4 years) 4,2-5.2 4252
lnfants (1-6 months) 3.8-5.2 3.8-5.2
Newborn infants 5.0-6.0 5.0-6.0

Note that the numbers are the same in both SI units and traditional units — e.g., 5.0 x 10'?/l or 5.0 millions/mm?>. However, values
in traditional units are sometimes written out in full — e.g., 5000 000/mm?>.

Low concentrations
Patients with anaemia caused by red cell loss or red cell haemolysis will have low concentrations.

High concentrations
Patients who are dehydrated or have polycythaemia will have high red cell concentrations.

CLEANING THE EQUIPMENT

1. Cleaning materials and preparations

A wide range of cleaning materials should be kept for the maintenance of ail the equipment: pipettes, counting
chamber, coverglass, etc. The items recommended here are routine and easy to obtain:

— rubber bulb and, if available, vacuum pump

— 500 and 50 m| beakers

— 95% ethanol. Ether. Acetone. |
T .aceticacid............. 5m

~ 0.5% acetic acid in water: distilled water ....... 1000 mi.

—~ Dichromate cleaning solution (reagent No. 16)

— If available: sodium hicarbonate,

2. Pipettes: daily cleaning
{a) Soaking
Soak pipettes in clean tap water.
(b) Cleaning '

Using a vacuum pump, or rubber bulb, draw
through each pipette the following:

— dilute acetic acid {3 times)

— clean water, distilled if plentiful (4 times)
— air {hold the pipette tip upwards)

— acetone (once)

— air (to dry as much as possible).

(c) Drying

If possible use an incubator, leaving the
pipettes overnight at 37 °C in a container
padded with non-absorbent cotton wool.

If the pipette is required at once use:
— water, preferably distilled

— ether

— dry completely in the air.
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3. Pipettes: monthly cleaning (more often if
necessary)

(a) Soak the pipettes in a beaker of dichromate
cleaning solution for about 12 hours.

(b) Rinse the outside, then the inside, with
ordinary tap water.

{c) Soak the pipettes in a beaker of weak sodium
bicarbonate solution (approximately 10g/l; 1%)
for 12 hours.

{d) Clean as described under ’daily cleaning’'.

4. Blocked pipettes

Try to force a fine nylon thread (000 type)
through the mouth of the pipette while
applying suction at the other end.

If this fails, leave to soak for 12 hours in
a beaker of dichromate cleaning solution.

5. Cleaning of counting chambers and coverglasses

Clean as soon as possible after use:

— soak in a solution of detergent powder for
2-3 hours

— rinse well under running tap water

— rinse with ethanol, if available

— dry with a soft cloth.

Never use scouring powder as it will scratch
the ruled surface of the chamber.

When several tests are done, clean as soon as possible after use by rinsing in water and wiping with a soft clean

cloth. Once a month the chamber needs a more thorough cleaning, as above.




Al ;~‘20'.' Haemoglobin: Estimation of Cy‘ah‘rnéthae“mdglobin,
Photometric Method

Haemoglobin is the red pigment contained in the red blood cells. It consists of proiein chains and iron-containing
molecules. It carries oxygen to the tissue cells of the body.

Units of measurement

Strictly, the St unit for expressing haemoglobin concentrations is millimole per litre {mmol/1). When this unit is
used, it is necessary to specify the chemical structure to which it applies. In practice, this means that the term
“haemoglobin(Fe)” should be used instead of the simple term ‘‘haemoglobin’’. However, as an interim measure,
before making the change to millimole per litre, some laboratories are using the unit *’gram per litre”” (g/1}. When
this unit is used, the simple term ““haemoglobin” suffices, and it is not necessary to say “haemoglobin{Fe)". Values
in gram per litre may be converted into vaiues ir millimole per litre by multiplying by 0.062. Example:

haemoglobin 150g/l x 0.062 = haemoglobin{Fe) 9.3 mmol/|

In this manual calculations and values are usually expressed in both forms. It should be noted that if the unit
“‘gram per litre" is used, the values are 10 times larger than values in the traditional unit “gram per 100 mi”. For
example, 1509/l = 15.09/100 ml.

Principle

The blood is diluted in Drabkin diluting fluid, which haemolyses the red cells, converting the haemoglobin into
cyanmethaemoglobin. The solution obtained is examined in a spectrophotometer or colorimeter. Its absorbance
is proportionate to the amount of haemoglobin in the blood.

The cyanmethaemoglobin photoelectric method gives the most accurate haemoglobin estimations. It should be
used wherever possible. :

MATERIALS

— Photoelectric colorimeter* or spectrophotometer
— Pipettes
(a) Blood (Sahli} pipette graduated to 0.02 mi
{20 mm3 or 20 ul) with rubber tubing and
mouthpiece
“{b) 5 ml graduated pipette
— Test-tubes
— Drabkin diluting fluid {reagent No. 17).

The reagent can be bought in tablet or powder forms to
be dissolved in 1 litre of distilled water. If an analytical
balance is available the reagent can be made in the
laboratory (see reagent No. 17). The solution can be kept
for 1 month in a brown bottle. if the solution becomes
cloudy, discard it.

Drabkin diluting fluid must not be allowed to freeze, as
this can result in decolorization with reduction of the
ferricyanide.

— Cyanmethaemoglobin Reference {Standard)

Solution can be bought, or obtained from a reference
taboratory.

The concentration of a bought reference solution is usually
given in milligrams per 100 mi {usually commercially
tabelled mg%). ‘

*Some photometers run either on mains electricity or on current
fruin a.iGiai-car battery. One model is supplied by UNICEF:
ref. 09.309.98 (110 V — battery) or 9.310.00 (220 V — battery).
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ALIBRATION OF THE COLORIMETER

A calibration curve must be prepared before the colorimete
e the haemogiobin values.
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Method
1. Calculate the haemoglobin value of the reference solution in grams per litre by using the following formula:

concentration in mg/100ml x 10 __
x 251
1000

(Note: 10 is the factor for converting 100 ml to 1 litre, 1000 is the factor for converting milligrams to grams,
and 251 is the dilution factor when 0.02 ml of blood is diluted with 5 ml of Drabkin diluting fluid.)

Since 10 x 251/1 000 is very nearly 2.5, the above formula can be simplified as follows: *
haemoglobin value of reference solution in grams per litre = concentration in mg/100 ml x 2.5

Example

Concentration of reference solution = 60 mg/100 ml
60x25

1504/!

Il

Haemoglobin value

il

* If a dilution of 1 in 200 is used (i.e. 0.02m| of blood and 4 ml of Drabkin diluting fluid), multiply by 2.0 instead of 2.5.

2. Make a series of dilutions of the standard solution:
— prepare 4 tubes and label 1to 4

— pipette into each tube as follows:

Tube number 1 2 3_ 4

f;?:{.’i[." 40mi 2.0ml 1.3ml 10ml
Suab kif‘ - | 20m | 27m | 30m
32:;:: of Undiluted 1in2 1in3 tindg




3. Mix and allow to stand for 5 minutes.

4. Read the dilutions in the colorimeter:

— place a green filter (liford No. 625) in the
colorimeter or set the wavelength at 540
nanometres (nm)

— fill a matched colorimeter test-tube or cuvette
with Drabkin diluting fluid and place in the
colorimeter

— zero the colorimeter

— read the contents of tubes 1 to 4, using a
colorimeter test-tube or cuvette.

Make sure the needle returns to zero between each
reading with Drabkin fluid.

5. Prepare a graph, plotting the colorimeter readings
of the diluted standard solutions against their

concentrations.
 J

Example

Reference solution concentration calculated as 159/l
Haemoglobin
1 tsﬁtﬂ,nt?:;d concentration Absorbance
‘ (a/)

Undiluted 150 35.0

1

1in4 -‘!? = 378 85

| 6. From the graph:

— make a table of haemoglobin values from
20 to 180 9/1.

Absorbance

i .

0 100 "
Haemoglobin (g/1)

i

;
4

i

? .
!

|

S
150

Important:

At the beginning of each day:
— clean the matched colorimeter test-tubes or cuvettes

— read a reference solution. This can be:

— fill one of the cleaned tubes with fresh Drabkin diluting fluid, which is used to zero the colorimeter

(a) the fresh cyanmethaemoglobin reference solution used to calibrate the instrument, or
(b) a reference grey solution previously calibrated against the cyanmethaemoglobin reference.
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HAEMOGLOBIN ESTIMATION USING PATIENT'S
BLOOD (cyanmethaemoglobin method)

1. Pipette 5 ml of Drabkin diluting fluid into a tube.

Draw venous or capillary blood to the 0.02 ml mark
of a Sahli pipette. Do not allow air bubbles to enter.
With venous blood ensure that it is well mixed

by inverting the bottle containing it and the
anticoagulant (see page 68) repeatedly for about

1 minute immediately before pipetting it.

2. Wipe the outside of the pipette. Check that the
blood is still on the mark.

Blow the blood into the Drabkin fluid and rinse
the pipette several times by drawing up and blowing
out the fluid in the tube three times.

N
N
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3. Mix the contents of the tube and leave for 5
minutes.

4. Zero the colorimeter, using Drabkin diluting fluid.

using the colorimeter test tube or cuvette.

If cloudiness appears in the diluted blood, this may
be attributable to abnormal plasma proteins or to

before reading in the colorimeter.

record the haemoglobin in g/l.

Read the absorbance of the patient’s diluted blood,

a high'leukocyte concentration. Centrifuge the fluid

Using the table prepared from the calibration curve,

RESULTS — NORMAL RANGE

Children at birth
Children at 1 year
Children, 10-12 years
Women

Men

Haemoglobin{Fe)

mmol/|

8.4-12.1
7.0- 8.1
7.1- 9.2
7.1-10.2
8.1-11.2

Haemoglobin
a/l

136-196
113-130
115-148
115-165
130-180




-~ 21. Haemoglobin Estimation Using a Comparator

Principle

This is a visual method for estimating haemoglobin.
The test solution is compared with a series of
coloured glass standards that show the amount of
haemoglabin.

MATERIALS

— Haemoglobin comparator with standards to
cover the range 3-13 g of haemoglobin per
decilitre (g/d!)

— Two comparator tudes

0.05 ml (50 mm? or 50 ul) pipettes

~ Haemaoglobin diluting fluid. This is made by
adding 0.4 ml of strong ammonia solution to
1 litre of distilled water.

METHOD

1. Fill a test tube with 10 mi of the diluting fluid.

2. Draw venous or capillary blcad to the 0.05 ml (or
50 mm? or 50 ul) mark of the blood pipette. Do not
allow air bubbles to enter. With venous blood ensure
that it is well mixed by inverting the bottle
containing it and the anticoagulant {see page 68)
repeatedly for about 1 minute immediately before
pipetting it.

3. Wipe the outside of the pipette, check that the
blood is still on the mark, and wash into the 10 ml
of diluting fluid.

4. Mix the contents of the tube.

The fluid will become a clear red as the red cells
are haemolysed. The colour of the solution will
not fade for a few hours.

" 6. Fill one of the comparator tubes to the mark with
‘ the fluid. Lift the lid of the comparator and place
the tube in the right-hand side of the comparator.




Fill the other comparator tube to the mark with
the diluting fluid and place this in the left-hand
side of the comparator. Close the lid.

Holding the equipment with the front of the
comparator directed towards the daylight, look
down through the viewing aperture, as seen in
the drawing.

10.

Daylight must be used, but do not hold the
comparator in direct sunlight.

Starting with the pale-coloured standards, compare
each with the colour of the test solution, as seen in
the left-hand side of the viewing aperture.

When the colours are matched as closely as possible,
make a final check by comparing with the standard
on each side of the one selected.

Read the haemoglobin value in grams per decilitre
{g/dl} as shown on the disc used to rotate the
standards.

1.

When the colour of the test lies between two
standards, make an estimate between the two
values.

If the test fluid is darker than the 3.0g/dl
standard, report the haemoglobin as greater than
3.049/dl. Alternatively dilute the test, using equal
volumes of test fluid and diluting fluid (2.5 ml
test fluid and 2.5 ml of diluting fluid). Multiply
the value obtained by 2.

{Muitiply by 10 to obtain the haemoglobin value
in g/l, or multiply by 0.62 to give the haemoglobin
(Fe) value in mmol/l.)




'22. Haemoglobin Estimation by Sahli Method

PRINCIPLE

The blood is diluted in an acid solution, converting
the haemoglobin to acid haematin. The test solution
is matched against a coloured glass reference.

MATERIALS

Sahli haemoglobinometer

Sahli pipette (graduated to 20mm?, i.e.
0.02 mt, or 20 ul)

Small glass rod

Dropping pipette

Absorbent paper

0.1 mol/i {0.1 N) hydrochloric acid (HCI)

{reagent No. 32).

Inaccurate method

The Sahli method is not an accurate way of estimating
haemoglobulin. Not alf the forms of circulating haemoglobin
are changed into acid haematin; the colour changes, when
viewed visually, are not very great; and the brown colour

of the standard is not a true match for an acid haematin
solution,

As same places still use this method it is described, but

it is not recommended.

METHOD

1.

Fill the graduated tube to the 20 mark
{or the mark 3g/100 mi) with 0.1 mol/l
HCI.

' |
1 @

Draw venous or capillary blood to the 0.02 ml mark
of the Sahli pipette. Do not allow air bubbles to
enter. With venous blood ensure that it is well
mixed by inverting the bottle containing it and

the anticoagulant (see page 68) repeatedly for about
1 minute immediately before pipetting it. {Do not
take the first drop of blood from tlie finger.)

Wipe the outside of the pipette with absorbent
paper. Check that the blood is still on the mark.

Blow the blood from the pipette into the graduated
tube of the acid solution.

Rinse the pipette by drawing in and blowing out
the acid solution 3 times.

The mixture of blood and acid gives a brownish
colour. . ?

Allow to stand for 5 minutes. _
i i

¥
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5.

Place the graduated tube in the haemoglobinometer.
Stand facing a window.

Compare the colour of the tube containing diluted
blood with the colour of the reference tube.

I1f the colour is the same as or lighter than that of
the reference tube the haemogltobin value is 40 g/l
or less.

If the colour is darker than that of the reference
tube continue to dilute by adding 0.1 moi/l HCI
drop by drop. _

Stir with the glass rod after adding each drop.
Remove the rod and compare the colours of the
2 tubes.

Stop when the colours match. Distilled water can
also be used at this step instead of 0.1 mol/l HCI
to continue the dilution of the blood.

Note the mark reached. Depending on the type of
haemoglobinometer, this gives the haemoglobin
concentration either in 9/100 ml or as a percentage
of “normal’’ (the latter type, illustrated, is not
recommended). To convert g/100 ml to g/l,
multiply by 10. To convert percentages to g/!,
multiply by 1.46.

Examples:
(a) 14840/100mi x 10 = 1484g/! '
{b) 85% x 146 = 12449/

{The Sahli method is so unreiiable that factors for
converting results into mmol/! are not given.)




'23. Erythrocyte Volume Fraction

Principle

The total volume of the erythrocytes (red cells) in a given volume of blood divided by the volume of blood is
called the erythrocyte volume fraction. For example, if the volume of the red cells in 1 litre {1 000 m!) of blood
is 4560 ml, the erythrocyte volume fraction is 450 ml/1 000 m! = 0.45 (since the fraction is millilitres divided by
millilitres, the unit “‘ml"’ cancels out, and the result is a simple decimal fraction with no unit). The remainder of
the blood is made up almost entirely of plasma, together with a small volume of white cells {leukocytes). If the
latter are ignored, the plasma volume fraction in the above example would be 5650 ml/1 000 mi = 0.55 (note that
045 + 0.55 = 1.0, i.e. erythracyte volume fraction plus plasma volume fraction = 1). The erythrocyte volume

~ fraction is therefore a measure of the proportion of red cells to plasma. It is used in estimating the mean

" erythrocyte haemaglobin concentration (see page 386), and is of diagnostic value in patients suffering from
dehydration, shock, or burns.

Before the introduction of Sl units, the erythrocyte volume fraction was called either *’haematocrit”’ or “’packed
cell volume’* (PCV), and it was reported as a percentage rather than a decimal fraction. In the traditional system,
the “packed cell volume’’ in the example given above would be 45%. Note that, in using S| units, the numerical
value does not change, but becomes 0.45 instead of 45%.

Macro scale

The blood (mixed with anticoagulant) is placed in 2
graduated tube and centrifuged to pack the red cells.
The level of the column of red cells is then read directly
in the graduated tube.

1 0a
Micro scale C
The biood is placed in a long capillary tube and r
centrifuged using a ““microhaematocrit head” [ s
attachment. The level reached by the column of F
red cells is read with a scale reader. + -
b

This method is preferable: it is quicker, and blood
from the finger can be used.
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METHOD — MICRO SCALE

Viaterials

— "Microchaematocrit” centrifuge (electric), with
a special flat head, to revolve at high speed
— Specially designed scale for reading the results
{(usually provided with the centrifuge)
— Capillary tubes containing heparin:
— 75mm long
— 1.5mm bore
(they contain a deposit of dried heparin as
anticoagulant).
1f venous blood mixed with EDTA dipotassium salt is used the
capillary tubes do not need to contain heparin; plain tubes
can be used.

— Soft wax or plastic modelling clay (or a spirit lamp)
— Blood lancet and ethanol for taking capillary blood.

Taking capillary blood

Using a blood lancet, draw blood by pricking:
— the 3rd or 4th finger

— or the lobe of the ear

— or the heel (infants),

after sterilizing the area with ethanol.

The blood should flow freely or with very little
pressure to the area. Wipe away the 1st drop with
filter paper.

Measurement technique

1. Apply the tip (circled with red) of the
heparinized capillary tube to the drop of
blood.

The blood flows into the tube by capillarity.
Fill about % of the tube.

2. Plug the other end of the tube with soft wax
: (i.e., the end that has not come into contact
with the blood).

Check that it is completely plugged to a
depth of about 2 mm.




If wax or plastic modelling clay cannot be
obtained, seal the end of the tube by heating
it carefully over a spirit lamp.

Leave to coo! in a horizontal position.

3. Itis useful to have ready a numbered stand
containing plastic modelling clay, so that each
patient’s tube can be stuck upright next to the
corresponding number.

4. Place the capillary tubes in the numbered slots

in the centrifuge head, making sure that the number
on the siot corresponds with the specimen number.

The end of the tube sealed with wax (or in a flame)

should point outwards, away from the centre.

5. Centrifuge at high speed.

After centrifugation, the tubes will show 3 layers:
— at the top, a column of plasma (P)

- 1(1‘;‘, téz)e middle, a very thin layer of white cells
~ at the bottom, a column of red cells (RC).

The erythrocyte volume fraction reading is made
exactly at the top of the column of red cells. -
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Two commercially available reading devices,
{a) a triangular form and (b) a spiral type are
illustrated here,

in millimetres. On the left-hand vertical edge, starting at th
4 mm. On the right-hand vertical edge, in the same manner

draw 10 sloping lines connecting each mark on the left mar
In the left margin, opposite the bottom horizontal line of the graph paper, write “'0”. Continue up the left
margin, marking each sloping line you have drawn as follows: 0.1, 0.2, 0.3, etc.; the top slaping line will be
marked 1.0. In the right margin, write the same numbers opposite the other ends of the sloping lines. Now,
again using a ruler, draw a second series of stoping lines, but make them much lighter
Each light line shouid be drawn exactly in the middie of the space between each pair
following the printed lines of the graph paper, draw a series of heavy vertical lines at i
Your scale should look like the one printed below. (Instead of making your own scal
use the one printed here for reading erythrocyte volume fractions.)

f no reading scale or device is available, you can make one yourself using graph paper, 15-20 cm wide, ruled

e bottom, make a series of 10 marks at intervals of
, make 10 marks at intervals of 6 mm. Using a ruler,
gin to the corresponding mark on the right margin.

of heavy lines. Finally,
ntervals of about 3 cm.
e, you may, if you wish,

10 ]

09 %//ﬁ_——r’"’/ 06
e e e e
D —— e 04
oyt = 03
a3 02
- o1
(1]

than the first set of lines.



How to use the scale
1. Hold the tube against the scale so that the bottom

of the column of red cells (not the bottom of the PLASMA
tube) is aligned with the horizontal zero line. TOP OF COLUMN OF 10
2. Move the tube across the scale until the line marked ]
1.0 passes through the top of the plasma column. -8 ﬁ;:; 09
Check to make sure that the bottom of the red ! 1 o8
cell column is still on line 0; also check (by means —
of the heavy vertical lines) to make sure that the 1 E’;ﬁ a7
tube is vertical. 7 — | o
3. The line that passes through the top of the column Q -
of red cells gives the erythrocyte volume fraction 6 — as
(0.4 in the illustration). The light intermediate a5 —— o4
lines represent intervals of 0.05; if the top of the 04 h
column of red cells is not on a line, but between a3
a heavy line and a light line, its position can be as a2
estimated to the nearest 0.01. -
Note: If your laboratory has not yet changed to Sl units o1 ot
and is (s‘tig usi?g thedtr:ditionall)esystem, the same chart t(:’an o = 0
be used. Simply read the numbers as percentages instea
of fractions. %Xr example, instead of l?'erythro!t":eyte BOTTOM OF COLUMN OF
volume fraction 0.4" report “packed cell volume 40%". RED CELLS
Results
Normal values Erythrocyte volume Traditional system:
fraction packed cell volume
Men 0.40-0.50 40-50%
Women 0.37-0.43 37-43%
Children (5 years) 0.38-0.44 38-44%
Infants (3 months) 0.35-0.40 35-40%
Newborn infants 0.50-0.58 50-568%

Low values are found in patients suffering from anaemia: in men, the erythrocyte volume fraction is lower than
0.4 and in women it is lower than 0.37 (packed cell volumes of 40% and 37%, respectively).

High erythrocyte volume fractions are found in cases of loss of plasma, severe burns, dehydration, infant diarrhoea,

and cholera (also, rarely, in polycythaemia).

METHOD — MACRO SCALE

Materials

— Ordinary electric centrifuge, capable of sustaining
a force of 2300g at the base of the buckets

— Special graduated tubes (Wintrobe tubes):
— bore: 0.6cm
— length: 9.5¢cm
— calibrations: 0-100

~ Long fine capillary Pasteur pipette (long enough to
reach the bottom of the tube) with rubber teat.

3

U

>

~Collection of specimen

~ Draw venous blood and add it to a tube of anti-

~ coagulant (EDTA dipotassium salt or Wintrobe

solution).
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Method

1. Using the capillary pipette, fill the graduated tube
with blood:

— up to the 100 mark

—~ making sure that no air bubbles form.

E

30 min

Centrifuge for 30 minutes at a centrifugal force of
2300g. If the rotor arm of the centrifuge {measured
from the axis of rotation to the base of the bucket
holding the tube) is 15 ¢m long, 3600 r/min will be
needed to attain this force; with a 20cm arm

3100 r/min will be needed.

{Important: a force of less than about 2300g

<&

will give a false result.)

Read the level at which the red cells meet the layer
of leukocytes. Make sure that the correct set of
graduations is being used, upwards towards the
100. The figure obtained is a percentage (the
“packed cell volume*’); divide by 100 to obtain

the erythrocyte volume fraction.

Resuits

The normal values are the same as those given for
the micro scale method.

RELATIONSHIP BETWEEN ERYTHROCYTE NUMBER CONCENTRATION AND VOLUME FRACTION

Normally, the erythrocyte number concentration (cells x 10'? per litre) bears a certain relationship to the
erythrocyte volume fraction. If C is the former, the erythrocyte volume fraction will normally be in the range
(C—0.2)/10 to (C —0.4)/10.

Example:

If the erythrocyte number concentration is 5 x 10'?/l, the erythrocyte volume fraction will normally be in the
range (5 —0.2)/10 to (5 —0.4)/10; that is, 0.48 to 0.46.

(In traditional units, the relationship is similar, but the formula for calculating is slightly different: if C is the
erythrocyte (red cell) count, the packed cell volume {haematocrit), as a percentage, will normally be in the range
(Cx10) —2to (Cx 10) —4.)
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RELATIONSHIP BETWEEN ERYTHROCYTE VOLUME FRACTION AND HAEMOGLOBIN
CONCENTRATION

The erythrocyte volume fraction is normally about 0.003 times the haemoglobin concentration when the latter is
expressed in grams per litre. If the haemoglobin concentration is expressed in terms of miltimoles of
haemoglobin(Fe) per litre, the erythrocyte volume fraction is roughly 0.05 times the figure.

Example:

A person with a haemoglobin concentration of 130 g/l will normaily have an erythrocyte volume fraction of
130 x 0.003 = 0.39. In terms of haemoglobin{Fe}, the concentration is about 8.0 mmol/l, and the erythrocyte
volume fraction will be about 8.0 x 0.05 = 0.4.

ADDITIONAL INFORMATION PROVIDED BY ERYTHROCYTE VOLUME FRACTION TEST

Leukocytes (white cells)

Examine the white layer of leukocytes just above the column of red cells. Normally it is very thin; if it seems
thick, determine the leukocyte number concentration. The layer will seem abnormally thick if the leukocyte
number concentration is greater than 20 x 10%/1 (20 000/mm?). In cases of leukaemia, when the leukocyte
number concentration may be 100 — 200 x 10°%/1 {100 000 — 200 000/mm?}, the layer may be several
millimetres thick.
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24, MeanErythrocyte 'I-l“aemdg‘ylo‘bi'n Concentration

The mean erythrocytg haemoglobin concentration is a measure of the average haemoglobin content of the red
cells. It is expressed either in grams of haemoglobin per litre or in millimoles of haemoglobin(Fe) per litre,* and
is calculated by dividing the haemoglobin concentration of the blood by the erythrocyte volume fraction.

Examples

(1) If haemoglobin is expressed in grams of haemoglobin per litre:
haemoglobin = 150g/l; erythrocyte volume fraction = 0.43
mean erylirocyte haemoglobin concentration = 1560/0.43 = 349 g/!

(2) If haemoglobin is expressed in millimoles of haemoglobin(Fe) per litre:
haemoglobin({Fe) = 9.3 mmol/l; erythrocyte volume fraction = 0.43
mean erythrocyte haemoglobin concentration = 9.3/0.43 = 21.7 mmol/|

(Note: to convert values in g/l to vaiues in mmol/i, multiply by 0.062 06. Thus, using the above example,
3499/1 x 0.06206 = 21.7 mmol/1.)

RESULTS

Normally the mean erythrocyte haemoglobin concentration lies between the following limits: (a) lower limit:
haemoglobin 322 g/I or haemoglobin(Fe) 20 mmol/I; (b) upper limit: haemoglobin 371 g/! or haemoglobin({Fe)

23 mmol/l. When the value falls within this range the red cells are said to be “normochromic” (i.e., of normal
colour). Values below the lower limit of the normal range indicate that the red cells are “hypochromic” (i.e.,

less coloured than normal) and are found in hypochromic anaemias. Values higher than the upper limit of the
normal range should be suspect, and the mean erythrocyte haemoglobin concentration should be determined
again. Red cells are never “*hyperchromic” (i.e., more coloured than normal), but they may increase in volume
and thus be capable of containing more haemoglobin than normal; in this case the mean erythrocyte haemoglobin
concentration may be as high as 380 g/l {(haemoglobin(Fe) 23.6 mmol/l), but it never exceeds these values.

Traditional units

In the traditional system, the mean erythrocyte haemoglobin concentration was called ““mean corpuscular
haemoglobin concentration” (usually abbreviated to MCHC) and was expressed as a percentage. |t was calculated
by dividing the haemoglobin concentration of the blood in grams per 100 m| by the packed cell volume as a
percentage, and multiplying by 100. Example: haemoglobin concentration, 15.0 g/100 ml; packed cell volume,
43%; mean corpuscular haemoglobin concentration = (15.0/43) x 100 = 34%. In this system, the normal range is
32-36% and the value never exceeds 38%.

*See note about expression of haemoglobin concentration on page 371.




Principle

A thin smear is prepared by spreading a small drop
of biood evenly on a slide so that there is only one
layer of cells.

After staining, blood films are used:
— for determining leukocyte type number fractions
— for detecting abnormal red cells
— for identifying certain parasites.

MATERIALS

— Clean grease-free glass slides

Making a glass spi'éader

1. Select a slide with a perfectly smooth edge.

2. Make a diagonal mark across the 2 corners at
one end of the slide with a file.

3. .Snap off the 2 filed corners.

_ SLIDE PREPARATION

~ Slides to be used for thin blood films should be well
- washed and, if necessary, cleaned with ethanol/ether
~ using a piece of soft cloth,




COLLECTION OF BLOOD SPECIMEN

Take the blood from the
— 3rd or 4th finger
— on the side.

Let the blood flow freely. First take samples for
determining blood cell number concentrations (if
requested).

Important. Do 10t take blood from:

— the index fin:i2r or thumb
— an infected finger {paronychia, etc.)
— the ear {too many monocytes).

Use of anticoagulants

Use only dried EDTA dipotassium salt solution; other
anticoagulants alter the appearance of leukocytes.

it is much better not to let blood stand in an
anticoagulant before preparing the film,

MAKING THE FILM

1. Collect a drop of blood about this size:.
by touching it lightly with one end of the slide.

2. Hold the slide with one hand. Using the other
hand, place the edge of the spreader just in
front of the drop of blood.

3. Draw the spreader back until it touches the drop
of blood.
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4.

Let the blood run along the edge of the spreader.

Push the spreader to the end of the slide with a
smooth movement {all the blood should be used
up before you reach the end).

Blood from patients with anaemia should be
spread more rapidly.

Check that the film is satisfactory (see A):
— there should be no lines extending across ofr
down through the film

— the film must be smooth at the end, not ragged

and lined as shown in B

~ the film must not be too long

— the film must not be too thick

— the film must not contain holes because a
grrasy slide has baei used.

A well spread !ilm is of great importance.

A badly spread film wiil give wrong leukocyte
type number fractions and make it impossible
to report red cell morphology.

DRYING THE FILM

Adequate drying is essential to preserve the quality
of the film, especially in humid climates.

In the wet season (in the tropics)

Dry the film by waving it rapidly about 5cm away
from the flame of a spirit lamp; to the side and slightly
above (but never directly over) the flame.

If necessary, protect the blood film from flies.
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Mark the dry film with the patient’s name or number.
Write with a lead pentil on the thick part of the film

not used for examination.

FIXATION

If the film is intended for determining leukocyte type number fractions, it is fixed in methanol or directly
with May-Griinwald stain (see page 393).

For detection of parasites {Giemsa or Field stain), the film is fixed in methanol (see pages 393 and 395).

"PRESERVATION
Fix films with methanol.
Wrap them individually in sheets of white paper (once they are dry).




26. Staining of Thin Blood Films

o

Principle

Thin blood films are stained with Romanowsky stains, which contain methylene blue dyes and eosin.

The Romanowsky stains most widely used include:

— Leishman and Wright, which give similar results and are used as individual stains

— May-Grinwald and Jenner, which give similar results and are used with Giemsa stain

— Giemsa, which can be used as an individual stain or with May-Grinwald or Jenner stains

— Field A and B, prepared in water unlike the other stains mentioned, which are made up in methanol. Field
stains are used for both thin and thick blood films.

The methano: Romanowsky stains can be used to fix thin films before being diluted on the slides to stain the
films. Better results are obtained by fixing first with methanol, then staining with pre-prepared diluted stains,
as described below.

™

STAINING WITH LEISHMAN STAIN

Materials

~— 2 glass rods either over a sink or over a staining tank
— Measuring cylinder 50 mi or 100 mi
— Wash bottle containing buffered water (reagent
No. 12)
— Interval timer clock
Rack for drying slides
Leishman stain (reagent No. 35)

— Methanol
N
I Methed
1. Fix the thin blood film with methanol for 2-3
minutes.

2. Prepare a 1 in 3 dilution of Leishman stain using
1 part of stain and 2 parts of buffered water. Mix.

Example: Use 10 m! stain and 20 ml buffered water.

Prepare sufficient stain for one day’s use only, as the diluted
stain does not keep well.
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3. Cover the slide with the diluted stain for 7-10
minutes.
Important: The staining time may need changing, especially

when a new batch of stain is received or the stain has been
stored for a lono fime.

4. Wash the stain off in a stream of buffered water.
Do not tip the stain off as this will leave a
deposit of stain on the film.

5. Leave clean water on the slide for 2-3 minutes
to differentiate the film.

The time taken for differentiation will depend on
the stain and the pH of the water used.

The pH is of vital importance in differentiating
leukocytes with Leishman stain. it should be
between 6.8 and 7.2, and preferably between
7.0 and 7.2 (see page 61).

6. Tip the water off and stand the slide in a draining

' ‘ rack to dry.
Resuits
l’ In a well stained film:
Neutrophils  The cytoplasm stains faint pink and contains small mauve granules

Eosinophils  The cytoplasm stains faint pink and contains large red granules
- Monocytes  The cytoplasm stains grey-blue

l Lymphocytes (large) The cytoplasm stains a clear blue

- (small) The cytoplasm stains a dark blue

Basophils Many dark mauve-blue granules fill the cell
Red cells Stain pink-red
Platelets Stain mauve-pink.
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STAINING WITH MAY-GRUNWALD AND GIEMSA

Materials

As for Leishman staining.

— May-Griinwald stain (reagent No. 37)
— Giemsa stain (reagent No. 28)

— Buffered water {reagent No. 12).

Method
1. Fix the thin fi!m with methanol for 2-3
minutes.

2. Prepare the stains as follows:

— dilute May-Griinwald stain 1 in 2 using
equal volumes of stain and buffered water.
Mix.

Example: use 10ml stain
10 ml buffered water.

— dilute Giemsa stain 1 in 10 using one
volume of stain and 9 volumes of buffered
water. Mix gently.

Example: use 2 ml stain
18 ml buffered water.

Prepare sufficient of each stain for one day's use only, as the
diluted stains do not keep well.

3. Cover the slide with diluted May-Griinwald stain
for 5 minutes.

4. Tip the stain off and replace with diluted Giemsa
* stain for 10 minutes.

Important: The staining time may need changing, especially
when a new batch of stain is received or the stain has been
stored for a long time.

393




5. Wash the stain off in a stream of buffered water.
Do not tip the stain off as this will leave a deposit

of stain on the film.

6. Leave clean water on the slide for 2-3 minutes to
differentiate the film.

The time for differentiation will depénd on the
stain and the pH of the water used. The pH should

be between pH 6.8-7.0 (see page 61).

7. Tip the water off and stand the slide in a draining
rack to dry.

Results
As for Leishman staining (see page 392).




RAPID STAINING OF THIN FILMS WITH . 4»
FIELD STAIN i 7

The staining of thin films with Field stain is different ™ A
from the method used for thick films; Field stain B is B
used before Field stain A.

Materials

— Field stains A and B (reagent No. 22)
— Bottles or beakers containing clean tap water
(buffered water is not necessary).

Field stains A and B, undiluted, can be used for as long
as they give good results. They should be filtered every
2-3 days.

Method
1. Fix the thin film with methanol for 2-3 minutes.

. ////,'/?’

2. Dip the slide into Field stain B and count up to 5.
Drain and wash in the first container of tap water.

. Drain and dip into Field stain A and count up
to 10.

Drain and wash well in the second container of
tap water.
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4. Examine the colour of the film. It should appear
mauve, neither too blue nor too pink.

if it is not satis{_ctory, return the film to Field
stain A or B (either) for a few more seconds, as
needed.

if satisfactory, stand the slide in a draining rack

to dry.

Results
Similar to staining with Leishman (page 392).

ESSENTIAL PRECAUTIONS FOR SUCCESSFUL RESULTS

Avoid the formation of deposits of stain. They appear on the film as masses of little black spots.
Avoid poor staining, which makes the film too blue, too pink or too dark.

1. Perfectly clean glassware: Wash every day. Do not use acid. Remove stain deposits with methanol,

2. Neutral water (buffered if possible): See preparation technique, page 61. Acid water produces a picture
that is too red; atkaline one that is too blue. Neutral water must be freshly prepared, for it becornes acid
when exposed to air.

3. Giemsa mixture: Prepare slowly and carefully. Shaking causes the stains to precipitate.

HOW TO REMEDY POOR RESULTS

1. Stain depaosits

They are caused by May-Griinwald stain or neutral water and can be seen with the naked eye in the
'liquid on the slide. Drain off the stain. Rinse the slide twice in methanol. Dry and re-stain using fresh
“or filtered May-Griinwald stain.

2. Deposits of Giemsa stain

They are seen with the naked eye or under the microscope. Also rinse with methanol, but wash off
immediately with neutral water. Dry and repeat the staining procedure from the beginning.

3. Too much blue in film (basophilic staining)

Prepare asolution of 1% boric acid in 95% ethanol. Rinse the slide twice in the prenaration. Wash at
once in neutral water. Dry and examine under the microscope without further treatment. Basophilic
_staining can usually be prevented by using buffered water at a more acid pH and, if necessary, altering

the differentiation time.




" 27. Leukocyte Type Number Fraction and Examination of Leukocytes

The leukacytes (white cells) in the blood are not all identical. There are five main types of leukocyte, which
differ in size, shape of the nucleus, colour of the granules in the cytoplasm, and other factors. The proportion of
each leukocyte type is of diagnostic importance. The proportion of each type is called the leukocyte type number
fraction.

Principle
100 leukocytes are counted, and the number of each
type seen is recorded. The proportion of each leukocyte
type is reported as a decimal fraction.* Example:
neutrophils  0.56
lymphocytes 0.25
eosinophils 0.12
monocytes 0.06
basophils 0.01
The total of all the fractions should be 1.

MATERIALS

— Microscope (x 5 or x 6 eyepiece and x 100
oil-immersion objective — a x 40 dry objective
with coverslips is also used)

— immersion oil

— Well spread thin blood film stained with
Romanowsky stain {see page 393)

— If available, a special counting keyboard, or a bead
counter made locally.

METHOD

Examination of film

Using the x 100 oil-immersion objective, check that
the white cells are evenly distributed.

In a badly spread film the neutrophils may have
collected at the end of the film,

*In the traditional syster:, the leukocyte type number fractions
‘are called the “differential leukocyte {or white cell) count”, and
the proportion of each type is reported as a percentage — eqg.,
neutrophils 56%, lymphocytes 2E%, eosinophils 12%, monocytes
6%, and basophils 1% in the example given above.
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Counting the white cells

1. Begin the count near the end of the smear, just
where the red cells are beginning to overlap.

2. Examine a strip of the film, moving from one
field to the next systematically, as shown. Record
the type of leukocyte seen in each field.

Count a total of 100 leukocytes.

)

Check that the film is not too thick.

If you see that the film is getting thick (red cells very
crawded), stop movirg towards the front end; mave
across and towards the end of the film.

Examination of film for red cell and platelet
abnormalities

Examine the red cells (see page 407) and note the
presence of any malarial parasites (pages 200-201).

Examine the number of piatelets, reporting them

as “normal’’ (N), “low’* {L), “*high”’ (H).

I the film is made from capillary blood the platelets
(page 351) will probably appear clumped.

EXAMINATION OF LEUKOCYTES

1. Note the shape of the leukocyte and its size
in comparison with that of a red cell (R).
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2. Note the shape of the nucleus and its size in
relation to the total area of the celi:
— round R, lobed L, indented |.

3. Note the appearance of the cytoplasm.

Colour:

— colourless
— pink

— pale blue
— dark blue.

Granules in the cytoplasm:

— neutrophil granules (N} — mauve, small

— eosinophil granules (E) — orange-red, large

— azurophil granules (A} — bright reddish-purple,
quite large

— basophil granules (B) — deep purple, very large

- 4, Note the appearance of the chromatin of the
nucleus: densely or palely stained. Also the
position of the nucleus in the cell: central or
eccentric.

5..Vacuoles and nucleoli are round or oval areas,
~ more or less distinct, that remain unstained or
--stain very faintly:
—vacuoles (V) in the cytoplasm
‘~ " nucleoli {N) in the nucleus.
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Normal cells
Poilymorphonuctear neutrophil cells (P} have:

— anucleus with several lobes
— granules in the cytoplasm (hence their usual
name: granulocytes).

Lymphocytes (L) and monocytes (M} have:

— acompact nucleus
— with or without granules in the cytoplasn

1a. POLYMCRPHONUCLEAR NEUTROPHIL CELL

Size 12-15um

Shape rounded, well defined

Cytoplasm abundant, pirkish

Granules mauve and very small, numerous but
separate

Nucleus  several {2-5) lobes, linked by strands of
chromatin. The chromatin appears as a
uniform deep purple mass.

{The older the cell, the greater the number of lobes in
the nucleus.)

1b. IMMATURE POLYMORPHONUCLEAR
NEUTROPHIL CELL
("BAND FORM"” OR “STAB CELL")

Similar to the previous leukocyte except that the
nucleus is not yet divided into lobes; it is often "'S”*
shaped.

1f "“stab”’ cells are seen, report their number fraction
as for other types of leukocytes.




2. POLYMORPHONUCLEAR EOSINOPHIL CELL

Size 12-15um

Granules large, round, orange-red, numerous and
closely packed

Nucleus  usually 2 lobes.

Sometimes the cell appears damaged, with scattezred
granules.

3. POLYMORPHONUCLEAR BASOPHIL CELL

The rarest type of granulocyte.

Size 11-13um

Shape round

Granules very large, round, deep purple, numerous
but less closely packed than those of the

eosinophils

Nucleus  difficult to see because covered by the
granules

Vacuoles occasional small colourless vacuoles in the
cytoplasm.

4. SMALL LYMPHOCYTE

Size  7-10um

Shape - - round

Nucleus large, occupying most of the cell,
chromatin dark purple, dense

Cytoplasm very little visible; blue with no granules.
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5. LARGE LYMPHOCYTE

Size 10-15um

Shape round or irregular

Nucleus  oval or round, may lie to one side of
the cell

Cytoplasm abundant, pale blue
Granules few, quite large, azurophilic (dark red).

6. MONOCYTE

Size 15-25 um: largest of the leukocytes

Shape irregular

Nucleus variable, often kidney-shaped, chromatin
arranged in strands, pale mauve

Granules fine, dust-like, usually reddish

Vacuoles usually present in the cytoplasm.

In patients suffering from malaria the cytoplasm often
_contains brownish-black masses. This is malaria pigment.

Rare or abnormal cells
7. PLASMA CELL

Plasma cells produce antibodies. They may be seen in
the blood film in measles, tuberculosis, other viral and
bacterial infections and multiple myeloma.

Size  12-15um
* round or oval
ound, eccentric, chromatin clumped, often
“-in‘a wheel-like arrangement
Cytoplasm dark blue with a pale-staining area round
the nucleus
Vacuoles numerous and very small; not easily seen.
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8. NUCLEATED RED CELL (NORMOBLAST)

An immature nucleated red cell normally found in
the bone marrow. In certain diseases (anaemias)
nucleated red cells can be seen in the blood film.

Size 8-10um

Shape round or irregular

Cytoplasm pink or greyish-blue, no granules

Nucleus round, often eccentric, chromatin
clumped, dense, dark-staining

9. IMMATURE GRANULOCYTE

An immature polymorphonuclear granulocyte of

the bone marrow that passes into the blood stream
in certain diseases (severe bacterial infections). It can
be distinguished by the following features:

Size 12-18 um

Nucleus - single without lobes, chromatin varying
in colour from dark red to purple

Cytoplasm pale blue or pink

Granufes many, large, mauve or dark red. Toxic
granulation may be seen, in which the
granules are very large and darkly stained.

There are also immature cells without granules and
with nucleoli: see No. 12 below.

10. HYPERSEGMENTED POLYMORPHONUCLEAR EAR

NEUTROPHIL CELL

An “'old” polymorphonuclear neutrophil cell that
looks like a normal cell except that its nuclei have
5-10-1obes and are often larger in size.

Such neugrophils can be seen in patiznts viith
macrocytic anaemia, caused by folic arid or
vitamin B-12 deficiency.
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11. ATYPICAL LYMPHOCYTE

Atypical lymphocytes can be seen in viral infections,
especially infectious mononucleosis (glandular fever),
whooping cough and measles. They are also found in
tuberculosis and severe malaria.

Size very variable, 12-18 um

Shape usually irregular

Nucleus round or irregular, often lying to one
side of the cell; nucleoli may be seen

Cytoplasm usually darker blue than that of the
large lymphocyte; dark edges to the cell.

12. BLASTCELL

The earliest {(most immature) of all the types of
leukocyte. It can be seen in the blood films of
patients with leukaemia.

Size large, 15-25 um

Nucleus large, round, pale mauve, always
containing 1-5 nucleali

Cytoplasm dark blue, with a clear unstained area
round the nucleus.

13. MEGAKARYOCYTE
The parent cell of the platelets found in the bone

marrow.
Size very large, 60-100 um
Nucleus  very irregular, greatly lobulated but

dense

Cytoplasm full of fine granules, mostly azurophilic,
and platelets
The cell wall is not clearly defined.

(Very rarely found in the blood.)
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COUNTING METHODS

Using a special counting machine with keys

These machines have keyboards with a key for each
type of leukocyte; the number of each type is
registered automatically. They are expensive.

Using bead counter boxes

A counting box like the one shown opposite can
be made locally. It consists of:

— b5 boxes labelled as follows:
N = neutrophils
E = eosinophils
B8 = basophils
L = lymphocytes
M = monocytes.

— a6th box containing 100 beads (or beans or
maize grains), used for counting.

Using a pencil and paper
To record the different types of leukocytes as they
are counted, proceed as follows:

Draw up a table with:
(a) 5 vertical columns (N, E, B, L, M) and
(b) 10 horizontal lines (see model opposite).

When 10 strokes have been made in the first line,
go on to the next. Thus, when the 10th line has been

completed, you know that you have counted 100 cells.

Then add up the total for each vertical column.

These totals give the percentage of each type of
leukocyte. The totals are turned into decimal fractions
by placing a decimal point two digits to the left (in
some cases this may necessitate the insertion of a
zero). Thus 59 becomes 0.59, 8 becomes 0.08,
1-becomes 0.01, 28 becomes 0.28, etc., as in the last
line of the illustration. These decimals are the number
fractions of each leukocyte type and are the results
that are reported when SI units are used.,

E B
I
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0.08 0.0/ [0.28) 0.0F
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RESULTS

Normal ranges for following age groups*®
Newborns After 4 days 1-4 years 10 years Adults
Polymorphonuclear neutrophils 0.55-0.65 0.40-048 0.36—0-.-48_ 0.45-0.55 0.55-0.65
Polymorphonuciear eosinophils 0.02-0.04 0.02-0.05 0.02-0.05 0.02-0.05 0.02-0.04
Polymorphonuclear basophils 0 -0.01 0 -001 0 -00 0 -0.01 0 -0.01
Lymphocytes 0.30-0.35 0.40--0.48 0.44-0.54 0.38-0.45 0.25-0.35
Monocytes 0.03-0.06 0.05-0.10 0.03-0.06 0.03-0.06 0.03-0.06

one with a majority infants and

The distribution of different 7 oflymphocytes children under 10
leukocyte types thus shows 2 . o i
principal patterns one with a majority adults, children
of polymorphonuclear over 10 and newborns
neutrophils

Each different type of leukocyte may be reported in terms of number concentration (i.e., number of cells per litre)
instead of as a number fraction. The number concentration is calculated by mu!tiplying the number fraction of
a particular leukocyte type by the total leukocyte number concentration. Example:**

Leukocyte number concentration = 5 x 10%/I

Neutrophil number fraction 0.42

Neutrophil number concentration 042x5x 10°= 2.1 x 10°/l

Abnormal findings
(a) NEUTROPHILIA: an increased proportion of neutrophils (above 0.65). Particularly in acute infections.

(b) EOSINOPHILIA: an increased proportion of eosinophils (above 0.05). Almost always suggests a parasitic worm
infection localized in the tissues: schistosomiasis, filariasis, hookworm, ascariasis, etc. Can also be caused by
an allergy.

(c) LYMPHOCYTOSIS: an increased proportion of lymphaocytes (above 0.35). Found in certain virus infections
{measles, etc.), certain chronic infections (malaria, tuberculosis, etc.) and some toxic conditions.

(d) MONOCYTOSIS: an increased proportion of monocytes (above 0.06). Found in certain bacterial and parasitic
infections such as typhoid fever, malaria and kala-azar.

(e) NEUTROPENIA: a decreased number of neutrophils. May occur in certain infections and some other diseases.

*The values are given in S units — i.e., as number fractions. To obtain values in traditional units {i.e., as percentages), multiply each
value by 100. ‘

**In traditional units, the calculation is made by multiplying the percentage of neutrophils by the total leukocyte (white cell) count

and dividing by 100. Example:
Total leukocyte count
Percentage of neutrophils
“Absolute neutrophil count”

5000/mm*
42%
{42 x 5000)/100 = 2 100/mm”>,
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: 28. Abhdnﬁal Red Cells: Microscopical Examination

In certain diseases, especially anaemia, the red cells
may have an:

— abnormal shape
. — abnormal size
= — abnormal colour.

MICROSCOPICAL EXAMINATION

Where to look at red cells

Just before the end of the film: this is where they
are spread out just touching one another but not
overlapping.

Wrong

Here the film is too thick: the red cells are.too
closely packed.

-

.- Wrang
~"Here the red cells are too few.




NORMAL RED CELLS

Size 7-8 um

Shape round, occasionally slightly irregular

Staining  periphery deep pink, centre pale pink
or almost colourless.

TARGET CELLS
Size 6-8 um
Shape round or slightly irregular

Staining  centre and rim stain well, but between
them there is a colourless ring.

Seen in thalassaemia, sickle-cell anaemia and other
anaemias caused by abnormal haemog!obins, and in
iren-deficiency anaemia.

NUCLEATED RED CELLS (NORMOBLASTS)

Size 8-10um

Shape round, but often irregular

Nucleus  small, deep purple, often eccentric
nucleus, chromatin dense

Cytaplasm pink or greyish-blue

Seen.in severe anaemias, for example sickle-cell
anaemia, in severe bacterial infections and in
leukaemias.

SICKLE CELLS

Shape elongated and narrow, often with one or
both ends curved and pointed.

Seen in sickle-cell anaemia and sickle-cell thalassaemia,
along with nucleated red cells, target cells and often
macrocytes.

Examination of sickle cells in wet preparations is
described on page 411.




ANISOCYTOSIS

This term is used to describe a condition in which red
cells of different sizes are present in the same blood,
e.g. red cells of 9 um mixed with small red cells of 6 um.

Seen in many types of anaemia.

POIKILOCYTES

Red cells of different shapes in the saine blood, e.g.
a mixture of round, oval, triangular, pear-shaped,
indented.

Seen in many types of anaemia.

MICROCYTES (m)
Small red cells measuring about 5 um.
Seen often in iron-deficiency anaemia.

MACROCYTES (M)
L.arge red cells measuring 9-10 um.

Seen in macrocytic anaemias caused by folic acid or
vitamin B-12 deficiency, and in certain liver diseases.

Large red cells staining pale blue-mauve (polychromasia)
are reticuiocytes (see page 414).

HYPOCHROMIC CELLS (A)

Size normal or slightly smaller than normal
Staining  only the periphery of the cell stains, owing
to lack of iron

Seen in iron-deficiency anaemia.

SPHEROCYTES (5S)
Size small (6 um)

_Shape perfectly round

Staining  uniform, the whole cell evenly"and more
darkly stained.

Seen.in haemolytic anaemias.




ELLIPTOCYTES

Size normal (8 um)

Shape oval

Staining darke)r at the periphery (especially at the
poles

Seen very occasionally. Found in hereditary
elliptocytosis.

RED CELLS CONTAINING HOWELLJOLLY
(H.J.) BODIES
Red celis containing one or more large purnle

granules (nuclear remnants).
Do not canfuse with platelets lying on the cells,

RED CELLS CONTAINING CABOT RING BODIES (C)

Red cells containing thin red lines in the form of loops
or figures of eight.
Do not confuse with malaria parasites.

RED CELLS CONTAINING BASOPHILIC GRANULES

Red cells containing a number of fine purple-blue
granules.
Do not confuse with stain deposits.

Note: Whenever you find red cells that ook abnormal and are
difficult to identify, refer the film to a specialist.




29. Test for Sickle Cells

Principle

One drop of blood is mixed with one drop of a
sodium metabisulfite reagent on a slide. |f the red
cells contain an abnormal haemoglobin called
haemoglobin S, they will become sickle-shaped or
half-moon shaped.

The reagent removes oxygen from the cells, allowing
sickling to take place. )

Haemoglobin S is an inherited abnormal haemoglobin.
If inherited from both parents it causes sickle-ceil
anaemia, a serious disease. If inherited from only one
parent it causes sickle-cell trait, which does not usually
cause disease.

The sickle-cell slide test daes not distinguish between
sickle-cell anaemia and sickle-cell trait.

Haemaoglobin S occurs mainly in tropical Africa but
also in the Middle East and among American Negroes,

MATERIALS

— Glass slide and coverglass

—~ Pasteur pipette (or dropping pipette)

— 20g/1 sodium metabisulfite — fresh
{reagent No. 48)

~— Container to prevent drying of the
preparation, such as a Petri dish.

TECHNIQUE USING SODIUM METABISULFITE

1. Place a small drop of capillary blocd (about
0.02 ml) in the centre of a slide.

2. Add anequal drop of the sodium metabisulfite
~ solution,
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3. Mix carefully with the corner of the coverslip.

. Cover with the coverslip, making sure that
no air bubbles form.

4. Place in a Petri dish that has wet filter paper
in the bottom. Support the slide on two sticks.

Note: When using a reducing reagent such as
sodium metabisulfite it is not necessary to seal
the preparation.

5. Wait 15 minutes.
Examine under the microscope (x 40 objective).

If the result is negative, re-examine after a further
15 minutes, then after 1 hour and 2 hours.

-Results
Negative result: the red cells remain round.

Positive result: the red cells become sickle-shaped
or banana-shaped (a), often with spikes (b).

- Itis important to examine several parts of the
preparation, as sickling can occur more quickly in
one part than in another.

Do not mistake for sickie-cells cells lying on their
side-or crenated cells.




OTHER METHODS

1. The test can be carried out on venous blood
provided it is freshly collected (1-2 hours)
into an anticoagulant (EDTA dipotassium salt).

2. Tube method: commercial reagents are available
for this method.

3. The sodium metabisulfite solution can be
replaced by a drop of a thick suspension of
coliform bacilli (Escherichia cclii from a stool
specimen in sodium chloride solution.

Important:

If the slide test is positive a thin blood film should
be examined. Patients with sickle-cell anaemia have
irreversibly sickled cells, nucleated red cells, target
cells, marked poikilocytosis and often macrocytosis.
Patients with sickle-cell trait are not usually anaemic
and have a normal red cell morphology. Whenever
possible haemoglobin electrophoresis should be
carried out to confirm a diagnosis of sickle-cell
disease. This can be done in a reference laboratory.
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30. Reticulocytes

Reticulocytes are immature red cells that pass into the blood stream from the bone marrow. The number of
reticulocytes in the blood indicates the degree of activity of the bone marrow, and when the marrow is very
active {as in anaemias) their number increases.

Principle
Reticulocytes contain fine granules that can be stained with brilliant cresyl blue. A blood film is stained with

this dye and a certain number of red cells observed under the microscope. From this observation, either (a) the
number of reticulocytes per litre of blood or (b) the proportion of red blood cells that are reticulocytes is

MATERIALS

— Slides (grease-free)

— Glass spreader

— Small test-tubes

— Funnet é 2
— Filter paper

— 2 Pasteur pipettes with teats Q
— Hand tally counter, if available

— Saturated solution of britliant cresyl blue

—— P

{reagent No. 9).

METHOD

1. Filter a little of the cresyl blue solution into
a test-tube.

in the bottom of another tube place:
— 2 drops of the filtered cresyl blue solution.

2. Collect a few drops of blood from the finger with
a Pasteur pipette, or use venous blood collected in
EDTA dipotassium salt and mix well.

=
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3. Add to the tube containing 2 drops of cresyl blue
solution:

— 2 drops of blood.

4. Mix by gently shaking the tube.
Plug the tube with non-absorbent cotton wool.
Leave for 15 minutes.

5. Take the tube and shake it gently.
Remove one drop of the mixture.
Place it on a slide ready for spreading.

6. Make a thin smear of the mixture with the
spreader.

7. Dry thé smear in the air.




8. Examine the smear using the oil-immersion
objective. Look at the end of the smear, where
the red cells should be well separated from each

other.
Red cells stain pale blue.

Reticulocytes are red cells that contain fine, deep-
violet granules arranged in a network (reticulum).
Reticulocytes may contain granules (1) or
filaments (2).

9. Using the x 100 oil-immersion objective, examine at least 100 red cells. Keep a careful count of (a) the total
number of red cells examined and (b) the number of this total that are reticulocytes. (Counting is easier if the
size of the microscope field is reduced. This can be done by placing in the eyepiece a small circular piece of
stiff black paper in which a hole about 5 mm in diameter has been punched.)

10. Some haematologists prefer reticulocytes to be reported in terms of number concentration (number of
reticulocytes per litre of blood), while others prefer them to be reported in terms of number fraction (the
proportion of red cells that are reticulocytes). Depending on the practice in your laboratory or the specification
of the requesting physician, make the calculation as follows:*

(a) Number concentration. To calculate this, you must know the total erythrocyte number concentration.
If C is the !atter (omitting the "‘x 10'%/1"") and n the number of reticulocytes seen in observing 500
erythrocytes, the reticulocyte number concentration is C x 2n x 10°%/1. Example:

erythrocyte number concentration = 4.5 x 10'%/|
nurnber of reticulocytes seen in counting 500 erythrocytes = 6

reticulocyte number concentration = 4.5 x (2 x 6) x 10°/1
45 x 12 x 10°/1
54 x 10°%/1 (report this result).

{b) Number fraction. To calculate this you do not need to know the erythrocyte number concentration.
If n is the number of reticulocytes seen in examining 500 erythrocytes, the reticulocyte number fraction
is 2n x 107, Example:

number of reticulocytes seen in counting 500 erythrocytes = 6
reticulocyte number fraction = (2x6)x 1073 = 12x 107,

Note: |If more than 500 erythrocytes are examined on the blood film, the calculation will have to be adjusted accordingly.

Normal range
reticulocyte number reticulocyte number
concentration™* fraction
Infants at birth 100 x 10%/1 — 300 x 10°/t 20x 1073 -60x 1073
Adults and children 8x 10°1 — 110 x 10°/ 2x 1073 -20x 1078

* The calculations (and the table of normal ranges) are given in S| units. Traditionally, reticulocytes have been reported in the form
of percentages (i.e., the proportion, expressed as a percentage, of the erythrocytes in the bload that are reticulocytes). f 500
erythrocytes are observed on the blood film, and n of them are reticulocytes, the percentage of erythrocytes is calculated by
multiplying n by 0.2, Example: of 500 erythrocyties examined, 25 are reticulocytes. The percentage of reticulocytes is then

25 x 0.2 = 8%. The normal range for infants at birth is 2.0%-6.0%, and that for adults and children is 0.2%-~2.0%.

** Approximate values. The concentration depends on the erythrocyte number concentration; see table on page 369.




OTHER STRUCTURES THAT CAN BE SEEN IN THE BLOOD FiLM

The blood film stained with brilliant cresy! blue that is used for the reticulocyte determination may also show
the following bodies:

Haemoglobin H bodies. These, if present, wili be seen as pale blue dots, variable in size; unlike the reticulum of
the reticulocytes, they occur in most of the red cells. They are found in alpha thalassaemia intermedia or
haemoglobin H disease.

Heinz bbdies. These, if present, will be seen as blue granules, variable in size, lying to one side of the cell, near
the cell membrane. They occur in glucose-6-phosphate dehydrogenase deficiency following treatment with
certain drugs.
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31. Erythrocyte Sediricniztion Rate (ESR)

Principle
Blood collected into an anticoagulant is placed in a
long graduated tube held in a vertical position.

The red cells settle to the bottom leaving a layer of
plasma above.

The height of the column of plasma after 1 hour
indicates the sedimentation rate of the erythrocytes
(red cells).

MATERIALS

— Westergren ESR tube:
— internal diameter 2.5 mm
— graduated from 0 to 200 mm (often marked
1 to 20, 1 corresponding to 10, 2 to 20, etc.)
~ Westergren stand
— Anticoagulant: 3849/l (3.8%) trisodium citrate
solution (reagent No. 54) (keep in refrigerator)
— 5ml graduated syringe
— Timer.

TN AT T

METHOD

1. Place in a tube or bottle:
— 0.4 ml of the trisodium citrate solution.

2. Collect venous blood.*

Apply the tourniquet as loosely as possible;
puncture the vein at once and release the
tourniquet,

Collect into a syringe:

- 2wl of blood.

*Blood previously collected into a bottle with EDTA
dipotassium salt can also be used for this test.
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3. Remove the needle from the syringe and add
1.6 mil blood to the bottle containing anticoagulant
{marked to contain a total of 2.0 ml).

Shake gently.

Measurement of the ESR should begin within
2 hours of collection of the blood.

]
i

4. Draw the citrated blood into the Westergren tube
{using a rubber bulb if possible) up to the 0 mark.

5. Place the tube in the Westergren stand, making sure
that the tube is completely upright.

Check that there are no air bubbles in the tube,
Check that the stand is level.

qut one hour (set the timer to ring), then note the
helgl]t of the column of plasma in mm graduations
starting from the 0 mark at the top of the tube.

P
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RESULTS

The result is expressed as follows:
...... mm/h.

Normal range

Men: 1-10mm/h
Women: 3-14 mm/h.

ESR and anaemia

If the patient has a deficiency of red cells measurement
of the ESR is of little value.

It is pointless to measure the ESR for patients who
have an erythrocyte volume fraction of less than 0.3
{packed cell volume of less than 30%).

ESR and dehydration

|f a patient is dehydrated measurement of the ESR
has little vaiue.

Increased ESR

Any disease that produces plasma protein changes will
increase the ESR.

Chronic infections also do so.

Very high ESR values occur in:
— tuberculosis

— trypanosomiasis

— malignant diseases.

In normal pregnancy the ESR is raised.

Temperature of the test

The ESR increases with the temperature {from 23 °C).
In hot countries make sure that the stand is not

placed in a warm part of the laboratory (e.g. not in the
sun).

Washing Westergren tubes

Rinse in water, then leave to soak in clean water for
12 hours.

Dry completely (in the incubator at 37 °C, if possible).
Do not use washing powder, acids or ethanol.




32. Bleeding Time: Duke Method

Principle

A small cut is made with a lancet in the lobe of the
ear. Blood flows from the puncture; the time it takes
for the bleeding to stop is measured.

The test is performed:

— for the diagnosis of certain haemorrhagic disorders
— before surgical operations

— before liver or spleen puncture.

MATERIALS

— 1 sterile blood lancet

— Ether

— 1slide

— Fiiter (or blotting) paper

— 1 stopwatch, if available, otherwise a watch
with a second hand.

METHOD

1. Gently clean the lobe of the ear with cotton wool
and ether. Do not rub.

Allow to dry.

2. Puncture the ear lobe dgeply.
Start the stopwatch,

The blood should flow freely, without need
to squeeze the ear iobe.

3. After 30 secands:

Collect the 1st drop of blood on a corner of
the blotting paper.

Do not touch the skin with the paper.




4. Wait 30 seconds more:

Collect the 2nd drop of blood in the same way,
a little further along the strip of paper.

5. Continue to collect one more drop of blood
every 30 seconds.

The drops become progressively smaller.

6. When no more blood appears stop the stopwatch
(or note the time on the watch).

Another method is to count the number of drops
on the blotting paper and multiply by 30 seconds.

For example: there are 7 drops.
The bleeding time is 7 x 30 seconds = 3% minutes.

RESULTS

Report ihe bleeding time to the nearest half minute.
Mention also the normal range for the method used.
Example: bleeding time 3% minutes (Duke normal
1-5 minutes).

Normal range

— 1-5 minutes

If the bleeding time is prolonged examine a
Romanowsky-stained thin blood film (see page
391) to see whether the platelets appear few in
number {venous blood must be used).




33. Whole Blood Coagulation Time: Lee and White Method

Principle

Venous blood is collected in a glass tube.
The time it takes for the blood to coagulate {clot)
is noted.

The test is of limited value, as it detects only
severe clotting factor deficiencies.

MATERIALS

— 2clean 75 x 10 mm glass tubes of the same bore,
marked to hoid 1 ml
- Stopwatch or timer
37 °C water bath, or vacuum flask containing
water at 37 °C
— Materials to carry out venepuncture.

METHOD
1. Collect just over 2 ml venous blood using a
plastic syringe.

Verlepuncture must be carried out quickly and
well.

Start the stopwatch as soon as the blood enters
the syringe.

2. Remove the needle from the syringe and fill each — e 1 2
tube with blood to the 1 ml mark.

Plug both tubes with non-absorbent cotton wool.

Place them in the water bath at 37 °C (or in the
vacuum flask of water kept at that temperature).
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3. After 3 minutes remove the 1st tube from the
water bath.

Tilt the tube at an angle of 45° to see whether
the blood has clotted.

4. 1f the blood has not clotted, return it to the water
bath and examine it at 30-second intervals to see
if it has clotted.

5. After the blood in the first tube has clotted,
examine the second tube immediately.

The blood in the second tube usually clots very
soon after the blood in the first tube. Stop the
stopwatch, or note the time.

The coagulation time is reported as the clotting
time of the second tube.

T
e

RESULTS

Record the clotting time in minutes to the nearest
half minute.

Normal range

— 5-12 minutes.

A patient with a prolonged clotting time should be
referred to a specialist centre for further investigation.




34. Clot Retraction and Lysis Time

Principle

The whole blood coagulation time is measured as
indicated on page 423.

The tubes are kept:

— for observation of the retraction of the clot

— for measurement of the time it takes for the clot
to dissolve (lysis).

These tests are carried out:
— for the diagnosis of cartain haemorrhagic disorders
— before and after surgical operations,

METHOD

1. Leave the tubes in the water bath {or at room
temperature).

Examime the clot:
— after 1 hour
after 2 hours
after 3 hours
after 4 hours.

Pt

The clot normally remains solid during the first
4 hours, though it begins to retract, usually in
the first hour.

1

2. After 4 hours examine the clot.

it will have retracted, the red cell mass
separating from the yellow serum.

R Sy |

RESULTS

(a) Normal retraction

The red clot is well separated and, at the
surface, is attached to the sides of the tube.
There may be a small deposit of red cells in
the bottom of the tube; it should not be
more than 5 mm thick.
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{b) Abnormal retraction

1. There may be a small red clot at the bottom of
the tube, not necessarily attached to the sides of
the tube. It is surrounded by sedimented red cells
and covered by supernatant plasma/serum.

— The blood is deficient in fibrinogen.

2. There may be a red clot that remains aimost
completely attached to the sides of the tube and
has retracted very little, if at all. Hardly any serum
has exuded.

— The biood is deficient in platelets.

(Examine a Romanowsky-stained thin blood film,
using venous blood, see page 391.)

3. There may be a yellow clot: clotted plasma.
Beneath it is a poorly retracted red clot.

— This plasma coagulation is caused by
abnormal plasma proteins.

4. There may be no clot at all or a yellow clot that
forms very slowly over the red cell deposit.

— There is a serious clotting factor deficiency
such as can occur with haemophilia.

Haemophilia is a hereditary haemorrhagic disease
affecting males.

Report the clot retraction as:
— normal
— abnormal, with a description of the clot.

Lysis time

Examine the clot:
— after 12 hours
— - after 24'hours....
— after 48 hours
— after 72 hours

until tysis occurs; that is, until the clot dissoives
completely and all the red cells sink to the bottom
of the tube,
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Results

Normal clot lysis time 72 hours or more.
Reduced clot lysis time 1-48 hours.

In cases of acute fibrinolytic disease the clot may
dissolve in 1-4 hours.

Report the clot lysis time in hours.

427




D. BLOOD CHEMISTRY

35. Blood and CSF Glucose Estimation: Orthotoluidine Method
Principle

The proteins are first precipitated by trichloroacetic acid. The glucose in the filtrate reacts with the
orthotoluidine reagent to give a green colour. This is then measured in a photoelectric colorimeter.

A blood glucose (sugar) estimation is required to help in the diagnosis of diabetes mellitus or any other
condition in which there is abnormal carbohydrate metabolism. In diabetes mellitus there is a deficiency
of the hormone insulin, which controls sugar metabolism in the body. in this disease glucose is usually
found in the urine (see page 311). CSF sugar estimation is required to help in the diagnosis of meningitis
(see page 344).

MATERIALS

— Glucose reagents (reagent No. 29}
{a) trichloroacetic acid, 30g/1 (3%)
(b) orthotoluidine reagent
(c) benzoic acid, 1/l (0.1%)
{d) glucose stock reference solution
{e) glucose working reference
— Colorimeter
— Whole blood (capillary or venous), plasma or serum, taken from a fasting patient*
— Conical tubes and larger size test-tubes (able to hold 20 mi)
— Pipettes graduated 0.1 ml {100 ul), 1.0ml, 5.0ml
— Boiling water bath
— Control serum. A control serum should be used with each batch of tests. If the result of the control
serum is correct, it can be assumed that the patient’s results will also be correct.

" If venous blood is used, it is advisable to use fluoride oxalate (reagent No. 23) as the anticoagulant. This will prevent
the glucose from being destroyed in the blood.

METHOD

1. Into a conical centrifuge tube pipette 1.9 m! of
trichloroacetic acid solution.

2. With a 0.1 ml blood pipette deliver 0.1 m| of
whole blood, serum or plasma (B in the drawing)
at the bottom of the tube — that is, under the
trichloroacetic acid solution (A in the drawing).
The trichloroacetic acid solution will become
cloudy where it makes contact with the blood, etc. 4

3. Raise the pipette and draw clear trichloroacetic acid
solution into it in order to wash out all traces of
blood, plasma or serum.

4. Expel the trichloroacetic acid solution from the
pipette into the centrifuge tube.

5. Mix well {the entire solution will become cloudy)
.. and allow to stand for 5 minutes.

6. :"To"sediy'ryheht the precipitated proteins and obtain
- aclear supernatant fluid, centrifuge at maximum
speed for 5 minutes.

. Note: Trichloroacetic acid is corrosive. Use it with care.
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7. Take 3 (or more if needed) large test-tubes and
label as follows:
— Blank tube — B

— Patient tube — P
Note: if more than one estimation is being carried out,

label each of the tubes with the name or number of the
patient.

' — Reference tube — R

8. Pipette into each tube as follows:

1 — Blank — 1.0 ml of distilled water
, — 5.0 ml orthotoluidine reagent

solution
[ =gl 5 JOURE RSNy SRpprepiy - |
— 20U I ortnowiuia

ine reagent
— Patient — 1.0 ml supernatant fluid
— 5.0 ml orthotoluidine reagent

Note: The orthotoluidine reagent is corrosive, use, if possible,
a rubber bulb to draw up the fluid in the pipette.

— Reference — 1.0ml of working glucose reference

9. Mix the contents of each tube.
Place all the tubes in a boiling water bath
for 10 minutes to aliow the green colour
to develop.

10. Remove the tubes and allow them to cool in a
beaker of cold water for 15 minutes.

Measure the colour produced in a colorimeter at

a wavelength of 630 nm:

— place the orange-red filter in the colorimeter

— fill the colorimeter test-tube or cuvette with
the solution contained in the tube marked
B (blank) and place in the colorimeter.

— adjust the reading of the colorimeter to zero
with the cuvette containing solution B in
place

— pour solution B out of the cuvette, rinse the
latter with a small amount of solution R
{reference), pour this out, and fill the cuvette

. with solution R; place the cuvette in the

- colorimeter and read the absorbance, Ar
= pour solution R out of the cuvette, rinse the
_latter with a small amount of solution P
~ (patient), pour this out, and fill the cuvette
with'solution P; place the cuvette in the
colorimeter and read the absorbance, Ap.




CALCULATION

Calculate the cancentration of glucase in the blood or cerebrospinal fluid as follows: *
(a) Blood

Concentration of glucose = (Ap/Ag) x 11.1 mmol/l {millimoles per litre)
{b)} Cerebrospinal fluid '

Concentration of glucose = (Ap/ARr) x 2.78 mmol/|

Note: 1T a control serum has been included, make the caiculation for that serum in exactly the same way, substituting A¢
{absorbance of the control solution) for Ap in the formula.

Normal range
The normal ranges of blood glucose concentration in fasting patients are approximately as follows:

venous blood, serum, or plasma: 3-6 mmol/l
capillary blood: 3.3-5.5 mmol/l.

The normal range in cerebrospinal fluid is approximately 2.5-4.2 mmol/i.

High and low concentrations

If unusually high or low glucose concentrations are found, the test should be repeated in order to confirm the
results, as described below.

Concentrations higher than 16.5mmol/l: Dilute solutions B (blank} and P (patient) with an egual quantity of
glacial acetic acid. Using diluted solution B in the cuvette, set the colorimeter reading to zero. Then read the
absorbance Ae with diluted solution P in the cuvette. Recalculate the glucase concentration, using the new
value of Ap and the value of Ax that was obtained previously. Muitiply the result by 2 (because solution P
has been diluted 1 in 2) to obtain the true glucose concentration.

Concentrations fower than 2.2 mmol/l. If values as low as this are obtained, the entire test should be repeated.

in step 1, use 1.8 ml of trichloroacetic acid solution (instead of 1.9 ml), and in step 2 use 0.2ml of blood,
serum or plasma (instead of 0.1 ml). Perform the test and calculate the result exactly as before. Divide the
result by 2 to obtain the true glucose concentration.

* The calculations given are for S units. In traditional units blood glucose concentrations are calculated by the formula
{Ap/AR) x 200 = concentration in mg/100 mi; CSF glucose concentrations are calculated by the formuta (Ap/AR) x 50 =
concentration in mg/100ml. Approximate normal values are: venous blood, 55-90 mg/100 ml; capillary blood, 60~100 mg/
100 ml; cerebrospinal fluid, 45-75 mg/100 mi,
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36. Urea Estimation: Diacetyl Monoxime/Thiosemicarbazide Method

Principle

The proteins are first precipitated by trichloroacetic acid. The urea in the filtrate reacts with diacetyl monoxime
in the presence of acid, oxidizing reagent and thiosemicarbazide to give a solution coloured red. This is then
measured in a photoelectric colorimeter.

Urea is a waste product formed in the liver following the breakdown of proteins. It passes into the blood, is
filtered out by the kidneys and excreted in the urine.

If the kidneys do not remove the urea the amount of urea in the blood is increased. This can happen if the kidney
tubules become damaged or if the volume of blood flowing through the kidneys is reduced.

MATERIALS

— Urea reagents {reagent No. 56):
{(a) Trichloroacetic acid, 100g/1 (10%)
(b} Stock diacetyl monoxime
(c) Stock thiosemicarbazide
{d) Working diacetyl monoxime/thiosemicarbazide
(e) Acid reagent
(f) Blank reagent
{g) Urea stock reference solution
(h) Urea working reference solution.
— Colorimeter
— Patient’s serum, plasma, or blood (in EDTA dipotassium salt solution)
— Conical tubes and test-tubes able to hold 20 ml
— Graduated pipettes 0.5 ml (if possible) or 1ml, 2m!, 5ml, 10ml
— Small 25 m! measuring cylinder (if possible)
— Boiling water bath
- Control serum.

A control serum or a pool of patients’ serum should be used with each batch of tests. |f the result of the
control serum is correct, it can be assumed that the patient’s results will be correct also.

METHOD

1. Prepare the colour reagent immediately before use, using a 1 in 6 dilution of the working diacety!
monoxime/thiosemicarbazide reagent in the acid reagent.

Example: The blank tube, reference tube, and patient tube will each require 5 ml of colour reagent.

Working
Acid reagent diacetyl monoxime/
thiosemicarbazide
Therefore: For 1 urea estimation 132 - - 15mi 3ml
For 2 urea estimations use — 20ml 4mi
For 3 urea estimations use — 25mi 5mi

Mix the reagent in a large test-tube or small flask
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2. Pipette into a conical centrifuge tube:
— 0.8 ml distilled water
— 0.2 ml whole blood treated with EDTA
dipotassium salt, or serum or plasma.

Mix.

3. Add 1 ml of 10% trichloroacetic acid and mix.
The mixture will become cloudy.

To sediment the precipitated proteins and obtain
a clear supernatant fluid, centrifuge for 5 minutes
at high speed.

4. Take 3 (or more if needed) large test-tubes and
label as follows:
— Blank tube -B
— Reference tube -~ R
— Patienttube —P.

Note: If more than one estimation is being carried out, label
each of the P tubes with the name or number of the patient.

5. Pipette into each tube as follows:
— Blank — 0.5 ml blank reagent
— 5.0 mi freshly prepared colour
reagent

— Reference — 0.5 m! working reference solution

- 5.0m! freshly prepared colour
reagent
— Patient — 0.5 ml supernatant fluid
— 5.0ml freshly prepared colour
reagent.

6. Mix the contents of each tube. Place all the tubes
in a boiling water bath for § minutes to allow the
red colour to develop.
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7. Remove the tubes and allow to cool! in a beaker of
cold water for 10 minutes. '

Measure the colour produced in a colorimeter at

a wavelength of 520 nm:

— place the green filter in the colorimeter

— fill the colorimeter test-tube or cuvette with
the solution contained in the tube marked
B (blank) and ptace in the colorimeter

— adjust the reading of the colorimeter to zero
with the cuvette containing solution B in place

— pour solution B out of the cuvette, rinse the
latter with a small amount of solution R
(reference), pour this out, and fill the cuvette
with solution R; place the cuvette in the CUTE

, colorimeter and read the absorbance, Ar 4 [t

| — pour solution R out of the cuvette, rinse the

! latter with a small amount of solution P

‘ (patient), pour this out, and fill the cuvette

with solution P; place the cuvette in the
colorimeter and read the absorbance, Ap.

CALCULATION

Calculate the concentration of urea in the blood as follows: *
Urea concentration = {Ap/Ag) x 16.7 mmol/t {millimoles per litre).

Normal range
The normat blood urea concentration range is approximately 3-7 mmol/l.

High values -

If a value greater than 25 mmol/V is obtained, repeat the entire test, using 0.1 ml of whole blood treated with EDTA
dipotassium salt, or using serum or plasma, and 0.9 ml of distilled water in step 2. Perform the test and calculate
the result exactly a. before, but divide the result by 2 to obtain the true urea conczntration.

| * The calculation is given in Sl units. In traditional units, blood urea concentrations are calculated by the formula
(Ap/AR) x 100 = urea concentration in milligrams per 100 millilitres {mg/100ml). The normal range in traditional
’; units is approximately 20-40 mg/100 ml. Tests should be repeated if values higher than 160 mg/100 ral are obtained.




E. BLOOD TRANSFUSION

37. Blood Groups: Theory

The purpose of blood transfusion is to enable a patient to receive blood with safety. This involves:
— finding out what group or type of blood he has
— carefully matching his blood against that of a suitable donor (cross-matching).

ABO SYSTEM: 4 GROUPS

blood group

C D
Subject’s - Ej [Bj
C Ty (O

Antibodies in L anti-B anti-A
the plasma k’,__\_\J .

~—— i ——

Antigens in . A B
the red cells U k/

Antigen A exists as a strongly reacting antigen called A,, and a weakly reacting antigen called A,. This
therefore further divides the groups A and AB into the following subgroups: A, AB, A, and A,B.

RHESUS SYSTEM: 2 MAIN GROUPS*

Rh Positive Rh Negative

The red cells contain D antigen No D antigen

Persons who are Rhesus negative do not normally have anti-D antibody in their plasma.

Rhesus antibodies may be produced in persons who receive Rhesus antigens they do not already have. This
can be by blood transfusion or pregnancy.

Other bloed group systems

li, Lutheran, P, Lewis, MN, Kidd, Kell, Duffy, etc. These are less important for the prevention of haemolytic
- digease in the newborn and transfusion reactions.

*The Rhesus system is a complex blood group system consisting not only of antigen D, but also of other Rhesus antigens; for
example antigens C, E, ¢, e.
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BLOOD TRANSFUSION REACTIONS: ABO SYSTEM

Example: Group A donor
Group B receiver.

The red blood cells of the donor A are destroyed by
anti-A antibodies in the blood of the receiver B.
A serious reaction results.

AVOIDANCE OF ACCIDENTS

1. Group the blood of each donor and receiver very carefully:

— by testing the red cells (for antigens) with known anti-A, anti-B and anti-AB grouping se'raA(see page 437).

— by testing the plasma or serum (for antibodies) with known test cells of A, B and O groubs (see page 443).

— by testing the red cells for the Rhesus factor with known anti-D test serum (see page 448) and when
necessary with other specific antisera for the Rhesus system (in specialized laboratories).

. Select the right blood group to be given to a patient. Whenever possible a patient should receive his own blood

group.

In smaller hospitals, and especially in cases of emergency, a patient may need to receive blood of another
group. The following rules apply:

Group A patient Should receive group A blood and, if not available, group O

Group B patient Should receive group B blood and, if not available, group O

Group AB patient Should receive group AB blood and, if not available, group A, group B, or group O
{in that order of preference)

Group O patient Can only receive group O blood.

. Carefully cross-match the serum of the patient against the red cells of the donor (compatibility test), to make
sure that the blood is safe to give.

. Work alongside an experienced person until you have sufficient practical and theoretical knowledge to work
with safety and responsibility.




28. ABO Grouping with Antisera

Principle

The red cells are tested with 3 antisera:
— anti-A serum

— anti-B serum

— anti-AB serum.

The test can be performed:
— on aslide
— ina test-tube (particularly in doubtful cases).

A. TESTING BY THE SLIDE METHOD

Materials

Dropping pipette (calibrated: 20 drops per mi)
Pasteur pipettes with teats

Beakers

Centrifuges

Grease pencil

Sodium chloride solution (reagent No. 45).
Tubes 50 x 11 mm for washing red cells ;
Control -ed cells of Group A, Group B and
Group O.

Antisera: anti-A, anti-B and anti-AB:

Store as instructed by the manufacturer, either at
4 °C or in the freezer compartment of the refrigerator.

If the antiserum appears cloudy, it is probably infected
with bacteria and must not be used.

Keep opened bottles in the refrigerator at 4 °C.

1. Coliection of blood: separation

Use:
(a) Venous blood collected into an anticoagulant
(EDTA dipotassium salt):

— centrifuge for 5 minutes at high speed

— draw off the plasma with a Pasteur pipette.
Keep it for grouping with known red cells
(see page 443). '

(b) Cabaegulated venous blood: 5-10ml in a glass
Stube:

— allow the blood to clot {for rapid clotting
‘place an applicator stick in the blood and
leave for 15-20 minutes at 37 °C)
-.—centrifuge for 5 minutes at high speed.
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— draw off the serum with a Pasteur pipette.
Keep it for grouping with known red cells.

(c) Capillary blood:

— place 3 drops of 38g/! trisodium citrate
soiution (reagent No. 54) in a test-tube

— collect 10 drops of blood immediately into
the citrated tube: it will not coagu'ate. (This
is a useful method for infants.)

"~ 2. Washing the red blood cells
Mix:
— 5 drops of the red cell deposit
— 2ml of sodium chloride solution.
Centrifuge at high speed.
Draw off the supernatant fluid and throw it away.
Again add:
— 2 ml of fresh sodium chloride solution.
Shake gently.

This gives a 10% suspension of red cells.

3. The test
Prepare and label 3 slides.
Place:
* on slide No. 1 on slide No. 2 on slide No. 3

o i1'drop of ' 1 drop of 1 drop of
Sl anti-Aserum anti-Bserum anti-AB serum




Add to each slide:
1 drop 1 drop 1 drop
of the 10% suspension of red cells to be tested.

Mix the preparation on each sfide:

— with a wooden applicator

— with the rounded end of a small test-tube
— or with a corner of a slide.

Use a fresh wooden applicator for each slide, or clean
the test-tube between each slide. Do not transfer the
mixture from one slide to the next.

Avoid coming into contact with the blood of the patient or the
donor {danger of infectious hepatitis).

Tilt the slide backwards and forwards to complete the
mixing. Read within 2 minutes, but take care that no
evaporation has taken place as it may cause false
agolutination,

4. Reading of result
Positive agglutination (+)
Little clumps of red cells are seen floating
separately in a clear liquid.
Agglutination should oceur in under 2 minutes.
Negative reaction (—)

No agglutination of the red cells.

Results
Slide 1 Slide 2 Slide 3 Subject’s
anti-A anti-B anti-AB group
— + Group A
' + Group B
+ Group AB
- - Group O

Important:

A blood group cannot be determined by this method
alone (with antisera).

A second test must be carried out on the subject’s

plasma or serum using known red cells (see page 443).
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B. TEST-TUBE METHOD
Grouping by the test-tube method takes longer and requires more equipment, but the resutts are more reliable.

For that reason many blood transfusion centres use dnly the test-tube technique. When the slide method is
used, all doubtful cases or results that are difficult to read must be checked by the test-tube method.

Materials

The same as for the slide method, plus:
— small test-tubes, with a rack
‘— aconcave microscope mirror.

1. Washing the red cells {3 tim=s)
Mix:
— 2 drops of the red cell deposit
— 4 ml of sodium chloride solution.

Centrifuge at high speed.
Draw off the supernatant fluid.

Add:
— 4 ml of fresh sodium chloride solution.

Shake gently to form a suspension.
The result is a 2% suspension of red cells.

2. The test
Label 3 tubes with the serum number.
Place in the tubes:

No. 1 No. 2 No. 3
1 drop of 1 drop of 1 drop of
anti-A serum anti-B serum anti-AB serum
Add to each tube:
— 1 drop of the 2% suspension of red cells to
be tested.




h

3. Incubation without centrifuging

Let the tubes stand for 7 hour at room
temperature.

4. Technique using centrifuge (rapid method)

Let the tubes stand for 75 minutes at room
tempe+ature.

Then cantrifuge for 1 minute at low speed.

5. Reading the reaction

Shaking the bottom of the tube gently, examine
the deposit of red cells. The concave mirror can
be used.

6. Positive agglutination (+)

The red cells form cne or more clumps with
a clear supernatant fluid.

Negative reaction {—)

The red cells resuspend easily, without any visible
clumping.

CONTROLS

The antisera used should be controlled by testing:

— anti-A and anti-B antisera against known group A,
Qm:lh‘:g and group O red cells, using the test-tube
me .
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DOUBTFUL REACTIONS — ERRORS

1. Reading results under the microscope

In cases of weak agglutination, place a drop of
the red cell serum on a slide and examine it under
the microscope (x 10 objective).

(a) Clear agglutination:
large clumps of red cells on a clear background

{b) Weak agglutination:
smaller clumps of red cells with some free
cells in the field

(c} No agglutination:
all the red cells are free.

2. Rouleau formation

The red cells are not agglutinated but are piled
up on each other like a stack of plates or coins.
This gives the appearance of a false agglutination.
It is difficult to distinguish with the naked eve.

To disperse rouleau formation, add 2 drops of
sodium chloride solution to the drop of the red-
cell-serum mixture on the slide. Examine under
the microscope. In false agglutination the rouleau
- disperses but in true agglutination the clumps
remain.

Storage of antisera

1. Before use: as directed by the manufacturer.
2. After opening the bottle: in the refrigerator at + 4 °C.
3. Always keep the bottles tightly closed, and leave
them as little as possible at room temperature,
4. Contaminated serum looks cloudy and whitish,
Examine a drop under the microscope with the
‘x 40 objective. If it contains bacteria, throw the
antiserum:away.




39. ABO Grouping with Standard Red Cells

Principie

The serum or plasma to be grouped is tested against
3 suspensions of known red cells:

— group A, red cells

— group B red cells

— group O red cells.

The test can be carried out:
— onaslide
— in atest-tube (particularly in doubtful cases).

A. TESTING BY SLIDE OR TILE METHOD

Materials

The same as for blood grouping using antisera {(see
page 437). Separate the subject’s serum or plasma
from the red cells as described on page 437.

Reagesiis — reference red blood cells
Select fresh specimens of known A;, B and O blood.

Grdup, A, blood

Test several group A bloadé with anti-A, serum as
. -indicated on page 437 (slide method) or page 440
{test-tube method).

 Slide "method: agglutination occurs within 30 seconds
: if the blood tested is group A,.
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Washing the reference cells

Wash the 3 types of reference cells in 3 test-tubes.

In each tube mix:

— 1 ml of whole blood (with anticoagulant)
with 4 m! of sodium chloride solution

or

— 0.5 ml of packed red cells with 4.5 ml of
sodium chloride solution.

Centrifuge for 5 minutes at high speed.

Discard the supernatant fluid. Replace with the
equivalent volume of sodium chlaride solution.
Mix, Centrifuge. Discard the supernatant fluid.

Preservative for washed red cells

After washing, keep the deposit of red cells in
suspension in a preservative:

— either ACD solution

— or sodium chloride solution

always in the same proportions:

— 4.5ml of preservative for

—~ 0.5ml washed (packed) red cells.

This produces a 10% suspension of reference red
cells, which can be kept in the refrigerator at 4 °C
in labelled drop bottles {(mark the bottles with the
date of preparation).

Preservation time:

— in sodium chloride solution — 3 days

- in ACD — 1 week

ACD solution (acid-citrate-dextrose): may be
prepared in the laboratory (reagent No. 1) or
obtained from blood transfusion bottles which
must be discarded if any of the ACD solution is

removed.

The test

Prepare 3 slides labelled A,, B and O.

Place on

slide A, slide B slide O
1 drop of 1 drop of 1 drop of

.- 10% suspension 10% suspensicn  10% suspension
-.of Ay cells of B cells of O cells




Discard the reference red cells if the supernatant
preservative shows that haemolysis has occurred (it
turns pink).

Add to each slide:
2 drops of the serum or plasma to be tested.

.
R N

Mix the preparation on each slide, using a wooden
applicator or the rounded end of a test-tube. Do not
transfer any of the mixture from one slide to another.
Tilt the slide backwards and forwards to complete the
mixing.

Reading the result

The size of the agglutinates varies from one person to
another (depending on the concentration of anti-A
or anti-B antibodies in the serum).

The agglutinates are usually smaller than thase
observed when testing red.cells with antisera, but
their appearance is similar.

Examine under the microscope.
‘Rouleau formation may be detected as indicated on

. page 442,

Results
A, B (0] Subject’s
cells cells cells group
- + - group A
+ - - group B
_ — _ Compare the findings with the results of the test using
group AB antisera. You should have reached the same resuits
+ + _ group O by both techniques. If the results are not the same
by both tests repeat the tests.
Doubtful reactions
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B. TEST-TUBE METHOD

Preparation of reference red cells (2%)

Prepare 2% suspensions of standard A,, B and O red
cells from the 10% suspensions prepared for the test
using the slide method (see page 444).

Mix:

— 2ml of sodium chloride solution

— 10 drops of the 10% suspension.

This 2% suspension must be used on the same day.

e L

The test ?
Label 3 test-tubes A, B and O.

Placein:  tube A, tube B tube O o.

2 drops 2 drops 2 drops )

<> o

of the serum or plasma to be tested.

Add to: tube A, tube B tube O
1 drop of 2% 1drop of 2% 1 drop of 2%
suspension suspension suspension
of A, cells of B cells of O cells —

Incubation without centrifuging
Let the tubes stand for 7 hour at room temperature.

Technique using centrifuge (rapid method)

Let the tubes stand for 75 minutes at room
temperature.

Then centrifuge for 2 minutes at low speed.

Reading the reaction

Shaking the tube gently, examine for agglutination:
. —Positive agglutination: - the red cells form
- . small clumps.
-~ Negative agglutination: the red cells resuspend
N easily, without visible
clumping.




Combined results

ANTISERA REFERENCE RED CELLS
Anti-A Anti-B Anti-AB A, B 0
Group A + - + - + —
Group B - + + + - -
Group AB + + + - - —
Group O — - - + + -

IMPORTANCE OF TESTING WITH GROUP O CELLS

This provides a check that the subject’s serum does not contain abnorma! antibodies that agglutinate all
types of red cells.

If there is any suspicion of this, carry out an additional test for autoantibodies. In a tube pipette put:
— 2 drops of the patient’s serum
— 1 drop of the patient’s own red cells in 2% suspension.

Incubate for 1 hour at room temperature. Examine for agglutination.

A positive reaction indicates the presence of autoantibodies. The blood grouping results using the patient's
washed red cells will be a better guide as to the patient’s true blood group.

The patient’s serum and cells should be sent to a reference laboratory for investigation if you suspect
autoantibodies or if the test with antisera and reference red cells does not give the results shown in the
table above.

REASON FOR USING GROUP A, RED CELLS

Of any 10 persons belonging to group A, about
— 8aregroup A,
— 2aregroup A,.

(Other A subgroups are rare.)

Group A, red cells are weakly agglutinated by the anti-A antibodies of group B and group O subjects.
Thus, if A, red cells were to be used, there would be a risk of doubtful agglutination and the results wouid
be difficult to interpret.

DISTRIBUTION OF BLOOD GROUPS THROUGHOUT THE WORLD (estima:z)

White races Yellow races Black races
Group O 43% - 36% 48%
Group A 44% 28% 27%
Group B 9% 23% 21%
Group AB 4% 13% 4%
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Principle

Persons with antigen D are called Rhesus (Rh) positive.

Persons with no antigen D are called Rhesus (Rh)
negative.

The test is carried out at 37 °C—40 °C:
— oan aslide
— or in a test-tube.

= m -

A. SLIDE METHOD

Materials

— Slides

— Capillary pipette

— Electrically warmed box (‘‘Diamond"’ box)

— Anti-D serum*

— Control specimens of Rh positive and Rh
negative blood (if available).

Important:

When using commercial anti-D serum, the method for testing
given by the manufacturer must be fallowed. it may be
different from what is described below.

Preparation of blood for grouping

Prepare a 50% suspension of red cells in their own
serum or plasma.

(a) Blood with anticoagulant (EDTA dipotassium salt) | ::Dy
— Centrifuge 2-5 mi of blood for 5 minutes .
at high speed ‘__/)’

— Check that the volume of the red cell deposit
is equal to that of the supernatant plasma

— If the volume of plasma is greater (anaemic @
blood), remave the excess plasma with a
pipette until the volume of plasma and that
of red cells are equal

— Then mix the plasma and red cells gently.

y

(b) Coagulated blood

— Break up the clot with a capillary pipette to free the
red cells

— Transfer a portion of the freed red cells with serum
to a centrifuge tube

— Centrifuge for 5 minutes at high speed

— Pipette off the excess serum until the volume of
serum and that of red cells are equal

— Mix the serum and red cells gently

— Spread a drop of the cell suspension on a clean
slide and examine microscopically (x 10
objective). If it contains clumps of red cells
discard the suspension and prepare a fresh

one, taking care to use free red cells only.

* Anti-D serum can be of the complete type, which will
agglutinate red cells in saline, or of the incomplete type, which
will agglutinate red cells in albumin. Most anti-D sera are of the
__incomplete type.




Method

1. Switch on the heater, the surface temperature
of which should be 40°C

Place the numbered slides to be used for the
test on it.

Leave to warm for 5 minutes.

If no warm box is available, the slides can be
heated over a spirit lamp before the test. Check
their temperature against the back of your hand:
the heat should be bearable.

2. Place on the test slide:
— 1 drop of anti-D serum
— 1 drop of the mixture of red cells and serum
to be tested.

3. Mix with an applicator stick or the end of a small
test-tube.

4. Continue mixing by tiiting the warm box backwards
and forwards,
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Results

Agglutination = Rh positive

A large number of agglutinates of red cells are clearly
seen, both in the centre and around the edges of the : _—
blob. Agglutination should occur within 3 minutes.

No agalutination = Rh negative 7
Contro's

It is recommended that for each daily series of tests
the following should be set up:
— a positive control using Rh positive blood
— a negative control using Rh negative blood
(if available).

A check on blood found to be Rh positive and
suspected of autoagglutination can be made by
testing the patient’s red cells against his own serum.

Difficulties in reading results
1. Streaky reaction

After 2 minutes streaks appear in the smear,
especially around the edges.

They are caused by rouleau formation, which

develops because of evaporation (excessive heat),
because not enough anticoagulant has been used,
or because the plasma has a high protein content.

Add a small drop of sodium chloride solution and
mix. If the blood is Rh negative the rouleaux
usually disperse.

2. Weak agglutination

First check the anti-D serum with known Rh
positive blood to ensure that it produces strong
agglutination,

Weak reactions may also occur because:
— the blood belongs to a Rh subgroup (Du)
-2 the:blood contains 'unusual antibodies.

Check doubtful results by the test-tube method

(see B opposite). In specialized laboratories additional
testT are made (Coombs test, enzyme techniques,

etc.




' B. TEST-TUBE METHOD

1. Prepare a 2% suspension of red cells in their own
serum or plasma.

2. Place in a small tube:
— 1 drop of anti-D serum
— 1 drop of the 2% suspension of red cells.

Incubation without centrifuging
Recommended method.

Leave for 1 hour at 37 °C (in a water bath or
incubator).

Technique using centrifuge (rapid method)
Leave for 30 minutes at 37 °C.

Then centrifuge for 1 minute at low speed.

Reading the result with the naked eye

Examine the liquid in the bottom of the test-tube,
turning the tube gently in an almost horizontal
position. If possible, examine over an illuminated
surface (the plate of the warm box or a lamp},

Rh positive reaction

Small agglutinates of red cells are seen in a clear
liquid.

Rh negative reaction

The red cells suspend, with no visible agglutinates.

- Reading under the microscope

If.in doubt, warm a slide, take a drop of the red
cell deposit with a Pasteur pipette and smear it on
the slide. Examine under the microscope (x 10
objective).

451




. ERRORS IN A GROUPING

1. Anti-D serum contaminated by bacteria

Contaminated serum looks cloudy and whitish.
It should be discarded.

2. Errors in reading labels

3. Patient’s blood haemolysed or citrated

Haemolysed blood (the plasma turns pink) kept

in the refrigerator for mare than 2 days is difficult
to group. Blood coflected in sodium citrate solution
can be grouped only by the test-tube method.

4. Tubes shaken too much

Centrifuge for the time and at the speed indicated.
Remove the tubes gently from the centrifuge.
Turn them slowly in a horizontal position. False
negative results are often obtained because of too
much shaking.

5. Correct use of anti-D sera

Some anti-D sera are intended for use either with
the test-tube method only or with the slide method
only. Other anti-D sera must be used in sodium
chloride solution: in that case, prepare a 2%
suspension of red cells in the solution and use the
test-tube method. Always read the instructions for
use on the labels of antisera bottles.

D. IMPORTANCE OF RHESUS GROUPING

1. Multiple transfusions

Example: a patient is O Rh negative
— 1st transfusion: he is given O Rh positive blood and develops anti-D antibodies.

— 2nd transfusion: if he is again given O Rh positive blood the anti-D antibodies he has developed
may agglutinate the Rh positive (D) red cells from the donor.

2. Haemolytic disease of the newborn

Example: a mother is Rh negative .

— 1istpregnancy: she hasa child that is Rh positive. During delivery some of the fetal red cells
(having antigen D) may enter the mother’s circulation, causing her to produce
anti-D antibodies.

— 2nd pregnancy: she has a second Rh positive child. The anti-D antibodies of the mother may
haemolyse the red cells of the fetus and the child may be born with haemolytic
disease.

It is therefore recommended that Rh grouping should be carried out on all pregnant women.

DISTRIBUTION OF ANTIGEN D

- Peoples of South-East Asia and the Pacific 98— 100% Rhesus positive
“ ‘Peoples of Ecuador and Chile - 91— 97% Rhesus positive
Peaples of Brazil and Argentina 82— 94% Rhesus positive
Peoples of Africa (Bantu, Ethiopians) _ 94— 97% Rhesus positive
Peoples of Africa {Negroes) 82— 94% Rhesus positive

~ Peoples of West European and North American countries 80— 85% Rhesus positive




41 | Crdss?iﬁ'atching (Compatibility Testing)

Principle

Crass-matching (compatibility testing) is carried out
to prevent blood transfusion reactions. The object is
to check whether the serum of the patient contains
any antibodies that could agglutinate the red cells of
the donor.

MATERIALS

Patient's serum (see page 437)

Patient’s red cells

Donor’s red cells from the pilot bottle

8.5 g/ sodium chloride solution (reagent No. 45)
20% bovine albumin (reagent No. 8)

37 °C water bath or incubator

Centrifuge

Pipettes

Test-tubes — small and medium.

L A T A T A

STANDARD CROSS-MATCHING

Select the right donor blood to be cross-matched
according to the blood group of the patient
{see page 436).

1. Prepare a 2-5% suspension of the donor’s washed

red cells:

— label a medium-sized test-tube with the donor’s
group and number

— fill the tube with about 4 m! sodium chloride
solution

- ad_d 3 drops of the donor’s red cells

— mix

— wash the cells three times as described on
page 440.

2. Take 4 small test-tubes and label them 1 to 4:
—  tube 1 — the sodium chloride solution cross-
, ' match
= tube 2 — the albumin cross-match
— tube 3 — the sodium chloride solution auto-
controf
= tube 4 — the albumin auto-control.




3. Pipette into the tubes as follows:
tube 1 and tube 2:
— 2 drops of the patient’s serum
—~ 2 drops of the 2-56% suspension of the donor’s
washed red cells

tube 3 and tube 4:

— 2 drops of the patient’s serum

— 2 drops of the 2-5% suspension of the
patient’s washed red cells.

4. Mix the cells and serum by gently tapping the
bottom of each tube.

5. Place the tubes in a 37 °C water bath or incubator.
Leave for 1% hours.

6. Add 2 drops of 20% bovine albumin:
— totube 2
~ totube 4.

Do not mix.
{ncubate for a further 20-30 minutes.

7. Examine the red cell deposit from each tube

under the microscope:

— use a Pasteur pipette (unbroken tip)

~ carefully draw up the red cel! deposit, taking
care not to disturb it too much

— spread it across a clean slide

— examine under the microscope for agglutination
using the x 10 objective.




RESULTS

No agglutination

Heavy agglutination or
haemolysis in tube 1,
with less agglutination
in tube 2

Agglutination in tube
1 only

Agglutination in tube
2only

Agglutination in all
4 tubes

Rouleaux

The blood is compatible and can safely be given to the patient.

The blood is incompatible and must not be given to the patient. Probably the
wrong ABO blood group is being used. Check the blood group of the patient
and the donor again.

The blood is incompatible and must not be given. The patient has what are
called complete antibodies. 1t may be possible to find compatible blood using
another donor, but whenever possible obtain advice from a specialist centre.

The blood is incompatible and must not be given. The patient probably has
immune antibodies, for example anti-D if the patient is Rhesus negative and
Rhesus positive blood is being used.

The patient’s serum contains autoantibodies. Advice from a specialist centre
should be obtained and, if possible, the cross-matching should be car ied out by
the centre.

The appearance of heavy rouleaux may be difficult to distinguish from true
agglutination. The rouleaux will often be less in the albumin tubes. Adding
sodium chloride solution to the cell suspension an the slide may disperse the
rouleaux sufficiently to see the difference (see page 442).

EMERGENCY CROSS-MATCHING

In an emergency it may not be possible to incubate the tubes for the full length of time. If less than 45
minutes can be allowed, examine tube 1:

— centrifuge tube 1 for 1 minute at low speed.

— examine the red cell deposit microscopically.

If there is no agglutination, issue the blood for the patient, writing clearly on the label *‘Blood compatible
by emergency cross-match’’. Always complete the test-tube cross-matching method.
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42. Detec(ion bf kDangetou's‘Group O Ddhors

Important

in an emergency, group O blood sometimes has to be given to a patient belonging to group A, B or AB. In some
group O subjects the plasma contains increased amounts of anti-A and, less rarely, anti-B antibodies, which may
react with the A, B or AB red cells of the receiving patient. These group O subjects must therefore be detected
to ensure that they are not used as “‘universal donors”.

Blood containiry increased amounts of anti-A or anti-B antibodies must be used only for group O patients.

Principle

Fresh serum from the dorar is incubated with a very smali quantity of A, and B red cells. If there is a high
titre of anti-A and anti-B antibodies haemolysis will occur and the serum will turn pink.

METHOD

Prepare:

— a 5% suspension of A, cells in sodium chloride
solution

— a 5% suspension of B cells in sodium chloride
solution.

{Follow the instructions given for the preparation of
reference red cells, page 443).

Wash the red cells twice.

1. Sep_arate the donor’s serum (from the tube without
anticoagulant).

The test must be carried out within 6 hours of
taking the specimen.*

<&

*1f this time-limit is exceeded, an equal volume of fresh
group AB serum may be added.

2. Place in 2 tubes:

Tube A, Tube B
fresh donor
serum 9 drops 9 drops
5% suspension
of A cells 1 drop -

5% suspension
of B cells - 1 drop




3. Leave the tubes:
— for 2 hours at 37 °C (in an incubator or
water bath).

4, Tazp the tubes gently to resuspend the cells.

Centrifuge for 1 minute at low speed.

Check the colour of the supernatant serum.
RESULTS

1. Yellow colour:

There will be a deposit of red cells.
This donor may be used as a universal donor.

2. Pinkish colour:

All or most of the red cells will have been
haemalysed and there will be only a small
deposit left,

This group O donor’s blood can be given to
group O patients only.

In this case write on the label of the blood
bottle:

DANGEROUS GROUP O DONOR

USE FOR GROUP O PATIENTS ONLY
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43. Collection and Storage of Blood

Blood for transfusion purposes must be collected
and stored correctly to avoid transfusion reactions.

BLOOD DONORS

Requirements:

— healthy adults not under 18 years and not over
50 years of age

— a haemoglobin level above 125 g/l or
haemoglobin(Fe) above 7.8 mmol/i.

A pregnant woman should not be asked to donate
blood.

A person can donate blood every 4-6 months.

Blood group the donor by the slide grouping method
(see pages 437 and 443).

COLLECTION OF BLOOD

Materials

— Cotton wool and ethanol

— A blood pressure cuff

— Blood collecting bottle {or plastic pack)
Airway needle for collecting bottle

Blood collecting set containing 120 ml of ACD
solution

Obiject for donor to squeeze

Forceps

Scissors

Adhesive tape

Pilot bottle containing 1 ml of ACD solution
(reagent No. 1; see page 444) attached to
collecting bottle

— Serum tube, if the blood is group O.

Method

1. Ask the donor to lie on a bed and support his
head with a pillow.

2. Prepare the blood collecting bottle, following any

instructions supplied by the manufacturer.

If the collecting bottle is glass and without a

vacuum:

— clean the top of the bottle with ethanol

— insert an airway needle

— insert the needle from the collecting set,
making sure that the end of the needle is
below that of the airway needle.

If at the same level, blood may be drawn up into the airway
needle and block it.




3. Place a pressure cuff on the upper part of the

donor’s arm.

Raise the pressure to 80-100 mmHg (11-13.5 kPa)
and feel for the vein. (See page 353 for
venepuncture.)

4. Clean the area round the vein well with 70%

ethanol, using a cotton wool swab.
Insert the needle along the line of the vain.

5. When blood begins to flow into the bottle, reduce

the pressure to between 40 and 60 mmHg (5.5 and
8 kPa) and move the collecting bottle gently to
ensure mixing of the blood with the anticoagulant.

Ask the donor to squeeze his hand on a small
object to help the flow of blood.

If the flow of blood slows down:
— raise the pressure to abcut 80 mmHg (11 kPa).

If this does not help:
— insert a second airway needle into the bottle.

If this does not help:
— try gently and carefully to adjust the
needle in the vein.

“If the needle comes out of the vein and a swelling
(haematoma) appears because of bleeding under
the skin, reduce the pressure, remove the needle,
and press firmly with a cotton wool swab until
the bleeding stops.
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Important:

|f the flow of blood stops, never reduce the
pressure without first inserting another airway
needle into the bottle. The flow of blood may
have stopped because of a blocked airway, causing
a build-up of air pressure in the bottle. If the
pressure is reduced, the air will be forced out of
the bottle, up the tubing and into the patient’s
vein, which can cause air embolism (blockage) and
be fatal.

7. When the blood reaches the mark, usually 540 ml
{120 ml ACD anticoagulant, and 420 ml of blood):
— reduce the pressure
— clamp the tubing near the bottle
— remove the object from the donor’s hand. }

8. Remove the pressure cuff. Take out the needle,
pressing the puncture site with a cotton wool
swab.

Place the needle in the pilot bottle.

9. Remove the needle from the blood bottle:
— release the forceps
— allow the blood to drain into the pilot
bottle,

If the blood is group O, place a little in an empty
tube also. The serum is needed for haemolysin
testing {see page 456).

~10. Remove the airway needle from the collecting
bottle. Cover the top of the bottle with a plastic
cap or adhe;ive tape,




11. Remove the needle fram the pilot bottle. Cap the

bottle.

Mix the blood with the anticoagulant in the pilot
bottle by inverting the bottle several times.

12. Label the pilot bottle and the blood bottle carefully

with:

— the ABO and Rhesus group

— the number of the donor bottle

— the date of expiry {3 weeks from the time the
blood is collected).

13. Make sure any hleeding from the venepuncture has

stopped.
Cover the wound with a dressing.

14. Give the donor a drink (fruit juice is suitable —

not an alcoholic drink).

Give the donor a certificate of blood donation,
obtained from the blood transfusion centre.

Keep a blood donor book, entering the donor's
name, group, haemoglobin level, number and date
of collection.

STORAGE OF BLOOD

Blood can be refrigerated and stored for up to three weeks under certain conditions:

The temperature must be between 4 °C and 6 °C, This requires a thermostatically controlled refrigerator,
preferably of the compression type. A domestic absorption type can also be used, operated either on gas
or on electricity, provided that the refrigerator is not opened frequently.

Blood stored for more than a few days at 8-10 °C must be discarded.
Blood must not be stored with vaccines, reagents or medicines that require frequent use of the refrigerator.

A daily temperature record must be kept using a thermometer kept in a bottle of water in the refrigerator.
Ideally a temperature recorder should be fitted to a blood bank refrigerator.

A written record of all the blood used and kept in the refrigerator should be maintained.
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TESTS ON DONOR BLOOD

Certain diseases can be transmitted in the blood: testing for these may be required:

Malaria parasites can be found in the blood, especially in endemic areas. It is usually best to give a course of
chloroguine to patients receiving blood in such areas rather than discard blood in which the parasites are found.
The parasites are not killed by storing the blood at 4-6 °C.

Treponema pallidum, which causes syphilis, can remain viable in the blood for up to 48 hours. If therefore
the blood is stored for longer than 2 days the organisms cannot be transmitted. Whenever possible VDRL
testing should be done.

Trypanosomes causing African and South American trypanosomiasis should be tested for in endemic areas
by examining Romanowsky-stained thick blood smears. T. cruz/ usually requires serological tests, since there
are few organisms in the blood. For African trypanosomiasis the ESR may be a useful screening test together
with a thick film examination.

Leishmania donovani, which causes kala-azar, should be tested for in endemic areas by a formaldehyde gel
screening test® on the serum. If the test is positive the blood must not be used.

Pathogenic microfilariae can cause allergic reactions but cannot transmit filariasis.

Viral hepatitis can be transmitted by blood transfusion. Whenever the appropriate facilities are available, it is
advisable that Australia antigen testing for the virus should be carried out.

*Technique: To 1 ml of serum add 1 drop of 40% (commercial) formaldehyde. Complete coagulation occurs in a few seconds

{the serum does not move when tube is inverted} when the test is positive. The mixture becomes turbid in 20 minutes.
The reaction may be slow in the early stage of disease.




44. Blood Grouping and Cross-matchirg: Summary Plan of Work

BLOOD GROUPING (TYPING)
Slide or tile method

1. Prepare a suspension of patient’s cells in sodium chloride solution (reagent No. 45). (Prepare in

serum for Rhesus grouping.)

2. Take tiles, mark and pipette as follows:
Anti-A Anti-B Anti-AB A, cells B cells O cells
— 1drop - 1 drop — 1drop - 1drop — 1drop ~— 1drop
anti-A anti-B anti-AB A, cells B cells O cells
— 1 drop - 1drop — 1 drop - 1drop — 1 drop — 1drop
patient’s patient's patient’s patient’s patient’s patient’s
cells cells cells serum serum serum
Anti-D
— 1 drop anti-D
— 1 drop patient’s cells (serum suspension)
3. Mix.

4. Warm the anti-D slide »n a warm box.
5. Read the results:

Group Anti-A Anti-B Anti-AB A, cells B cells O cells Anti-D
A Pos + - + - + - +
B Pos - + + + - - +
AB Pos + + - — - +
O Pos — - - + + - +

6. Record all the results in a blood grouping register.

Test-tube method

1. Prepare a suspension of patient’s cells in 2-5% sodium chloride solution.

grouping.)
2. Take 7 tubes, label and pipette as follows:

] tdrop [ | 1drop 1 drop
anti-A 2 anti-B anti-AB
1)1 drop 1 drop 1 drop
~ patient’s patient’s patient’s
U cells u cells cells
T 2 drops =1 1drop
patient's anti-D
6 serum 7 1 draop
1 drop patient’s
\J O cells U cells {(serum suspension)

3. Mix,

4. Incubate the anti-D tube at 37 °C.

5. Leave all tubes for 2 hours.

6. Read the results, checking the negative results by microscope.

2 drops
patient’s
serum
1drop
A cells

(Prepare in serum for Rhesus

2 drops
patient’s
serum

1 drop
B cells
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CROSS-MATCHlNG (COMPATIBILITY TESTING)
Routine cross-match

1. Prepare a cell suspension of donor's and patient's red cells in 2% sodium chloride solution.
2. Take 4 tubes, label and pipette as follows:

—

11| Albumin cross-match

2 drops patient's serum
1 drop donor’s cells

Albumin auto-control

2 drops patient’s serum
1 drop patient’s celis

» [~ |

\

Sodium chloride solution Sadium chloride solution
3| cross-match auto-control

2 drops patient’s serum 2 drops patient’s serum

1 drop donor’s cells 1 drop patient’s cells

C
C

Mix.

Incubate all the tubes at 37°C for 1 hour.

Add 2 drops of 20% bovine albumin to tubes 2 and 4. DO NOT MIX.
Leave at 37°C for a further 20 minutes.

7. Examine the red cell deposit from each tube under the microscope.

R

If there is no agglutination, the blood is compatible. Issue the blood with the routine cross-match label.
If there is agglutination, see page 455 for interpretation.
Record all the results in a blood transfusion book.

Emergency cross-match

1. As for routine cress-match.
2. As for routine cross-match.
3. As for routine cross-match.
4,

Incubate all the tubes at 37 °C for as long as
possible.

If less than 45 minutes:
— centrifuge tube 1 for 1 minute at low speed.

5. Examine the red cell deposit from tube 1 under
the microscope.

if there is no agglutination, issue bload with an
emergency cross-match label.

Important:

Complete the cross-match following steps 5 to 7 as on
page 454. If you observe any agglutination inform the
doctor immediately.




- REAGENTS AND THEIR PREPARATION

Order
Reagents are listed in alphabetical order. For example:

aceticacid.................. isunder.......... A
brilliant cresylblue ........... isunder.......... 8
carbolfuchsin............... isunder.......... C
hydrochloricacid ............ isunder.......... H
sodium carbonate ............ isunder.......... S

Each reagent has a number which appears after the name (the numbers are
given in the techniques).

g.s. = the quantity required to make up
a certain volume

For example: sodiumchloride. . ............... 85¢g
distilledwater .. .......... q.s. 1000 ml

This means:

Place 8.5 g of sodium chloride in a volumetric flask or
measuring cylinder. Add enough water (q.s.) to obtain
a total volume of 1000 ml.

Chemical formulae

in most cases the chemical formulae of the compounds used are given
immediately after the English names:

— sodium chloride (NaCl)

— potassium hydroxide (KOH)

— sulfuric acid (H,SO,)

etc.

This can be useful when checking the label on the bottle.

An agueous solution is a solution of a compound dissolved in water.
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ACD SOLUTION (No. 1)*

GlUCOSE . « o v e et e tneenienanansntossassnerasnsssssnnnsusns 245g
TrisodiUm CItrate. . . o oottt a i et inenacarsansesanerasanns 2.20g
ot ca oh o s I L L LR 0.89¢g
Distilled Water. . .. oo et ireneennecteosnnnnrnnnseaasanansns 100 ml

*United States Pharmacopeia (USP) formula

ACETIC ACID, 100 g/i (10%) (No. 2)

Glacial aceticacid (CH3COOH) . ... ..ottt 20ml
Distilled Water. . o oot ietvseecannssrnanassoannnssnnnns q.s. 200 ml

Warning: Glacial acetic acid is highly corrosive.

ACID-ETHANOL for Ziehl-Neelsen stain (No. 3)

Hydrochloric acid, concentrated . . . . ...... it 3ml
Ethanol, 95%. . .« v ivte e v einsasnsnsensororanraoassnnannns 97 ml

Warning: Hydrochloric acid is highly corrosive.

ACID REAGENT (No. 4)

Concentrated sulfuricacid. .. ........ oo iiii it 40 ml
Orthophosphoricacid 856% . ...... ..o aiiiiieinniinnnnns Bmi
iron (*“ferric”’) chloride solution, 50g/1 (5%). .. .............c0vnn 5ml
Distiled Water. . .. .o ooiervesronnecarcennsasssnerasaans q.s. 500 ml

Half fill a 500 m! flask with water, add the sulfuric acid very slowly,
stirring constantly, and follow with the phosphoric acid {mixing). Add
the iron chloride and make up to the 500 ml mark with water. Store in
a brown bottle.

Warning: Sulfuric acid is highly corrosive.

BARIUM CHLORIDE, 100g/1 (10%) AQUEOUS SOLUTION (No. 5)

Bariumchloride (BaCl;) ......cocoriiiiiin s iinnranneransanns 1049
Distilled Water. .. ..coovnirtiecncnetisesosonnrnnsocanss q.s. 100ml

BENEDICT QUALITATIVE SOLUTION (No. 6)

Copper sulfate (CuS0O,.6H,0). .. ... .o i it e 17.3¢g
-Trisodium citrate (Na;CeHs07,.2H,0) . ..o v o vveiiiin e 173.0g
Sodium carbonate (Na,CO;) anhydrous ...................... 100.0g

. Distilledwater. . .......c.oiiiiiiii i 1000 ml

' Dissolve the coppef sulfate crystals by heat in 100 ml distilled water.
~ Dissolve the trisodium citrate and the scdium carbonate in about 800 ml
- -water. Add the copper sulfate solution slowly to the sodium carbonate/

. trisodium citrate solution, stirring constantly. Make up the mixture to

' 1000 mi with distilled water.




BLANK REAGENT (No.7)

Trichloroacetic acid solution, 100g/1 (10%) ... .................. 50ml
Distilledwater. .. .........iiiiiiiiiiiiieirnennnnnennns q.s. 100ml
Mix.

Warning: Trichloroacetic acid is highly corrosive.

BOVINE ALBUMIN 20% (No. 8)
For blood transfusion work.

Prepare from a 30% bovine albumin solution, which can be bought from
a manufacturer.

0% bovinealbumin . . ....... ...t i e e 10mi
Steriledistilledwater. .. ........co ittt it e 5mi

A 22% solution is available also. It can be used without further dilution and
is recommended by some warkers.

BRILLIANT CRESYL BLUE (No. 9)

Brilliantcresylblue. .. ... ... ittt i ittt 1.0g
Trisodium CItrate. . . ..ot i i ittt ittt ettt et e 04gq
Sodium chloride solution, 8.5g/l {{.85%) (reagent No.21)......... 100 ml

Dissolve the dye and the citrate together in the sodium chloride solution.
Filter the solution obtained.

BUFFERED GLYCEROL SALINE (No 10)

Sodiumchloride . ...ttt ittt i, 42g
Dipotassium hydrogen phosphate {K,HPO,), anhydrous. . .......... 3.1g
Potassium dihydrogen phosphate (KH,PO,), anhydrous . ........... 1.0g
Phenolred. . ......c.ciiiiiiiiiinireienraenaracnrennnnns 0.003g
Distilledwater. . ..ottt iiirneneeneeanannnns 700.0ml
Glycerol (... .. ittt it ittt ettt 300.¢ml

FinalpH = 7.2

Dispense in bijou bottles so that there is only a 2 cm gap between the top
of the medium and the top of the bottle.

BUFFER SOLUTION for the VDRL test (No. 11)

Disodium hydrogen phosphate (Na,HPO,}, anhydrous .. .......... 0.04g
Potassium dihydrogen phosphate {KH,P0,), anhydrous . . ......... 0.17¢g
Sodiumchloride .. .......ccciiiii ittt it ittt 10.003
Distilledwater. . ..........cciiiivriiernrennreneennnn 1000.00 rni
Formaldehyde solution, at least 37%, neutral, reagent grade. ... ... 0.50 mi

Dissolve the salts in the distilled water, first the disodium hydrogen
phosphate, then the potassium dihydrogen phosphate, then the sodium

..~ chloride, stirring well. Then add the formaldehyde solution. Check the
- pH of the solution, which should be pH 6.0 + 0.1, Store in screw-capped or

glass-stoppered bottles.

i Waming: Formaldehyde is corrosive and poisonous.




' BUFFERED WATER (No. 12)
Buffer solution for May-Gritnwald, Giemsa and Leishman stains

Disodium hydrogen phosphate (Na,HPO,.2H,0). ... ............ 3.76¢
Potassium dihydrogen phosphate (KH,PQ,), anhydrous .. .......... 2.1g
Distilledwater. .. ...ttt it et iiinrereenanns q.s. 1000 ml

Check the pH using narrow-range pH papers, or a comparator as shown
on page 61. The pH should be 7.0-7.2.

CARBOL FUCHSIN for Ziehl-Neelsen stain {(No. 13)

Solution A:
Saturated solution of basic fuchsin
Basicfuchsin......... ... ..ottt 3g
Ethanol, 950, . ... i it ittt ittt et e 100 ml
Solution B:
Phenol solution, 50¢/ (5%), aqueous
Phenol. .. ... .. ittt ittt 10g
Distilledwater. ...........ciiiiitiiiii e q.s. 200 mi
Then:
Solution A, ... i e i et e et et 10mi
£ 1T (7 T - 7 90 ml

Warning: This solution is highly corrosive and poisonous.

CARY-BLAIR TRANSPGRT (HOLDING) MEDIUM (No. 14)

Sodium thioglycolate ........... ... ittt 1.5¢

Disodium hydrogen phosphate (Na,HPQ,), anhydrous . . ........... 1.1g

Sodiumchloride . ........ ... ... ittt 5.0g

T 5.0g

Dustllled L L 991.0mi

1. If possible, prepare in chemically clean glassware.

2. Heat while mixing until the solution just becomes clear.

3. Cool to 50 °C, add 9 mi of freshly prepared aqueous calcium chloride
solution, 10g/1 (1%), and adjust the pH to about 8.4.

4, Pour? mI into prewously rinsed and sterilized 9 m! screw-capped vials.

5. Steam the vials containing the media for 15 minutes, cool, and tighten

the caps.

CRYSTAL VIOLET, MODIFIED HUCKER (No. 15)

Solution A:
Crystal violet {certified) ................ccoiiiirinervnnn. 2g
Ethanol, O5%. . . ... i ittt it e e et 20ml

Solution B:

. Ammonium oxalate ((NH3);C204.H20) .. oveveennnennnnn. 089
Distilledwater. . ...........oovtivrieiiinrininnnrnnnn. 80.0ml

- Mix solutions A and B. Store for 24 hours before use.
Filter through paper into staining bottle.




" DICHROMATE CLEANING SOLUTION (No. 16)

For cleaning glassware.

Potassium dichromate (KoCra0s). « o oot vttt ittt et ittt ettt at e s te e eie e ennnns 100g
BT, . .. ittt ittt ttaaenaenanattantaessanassnatoeeensasasareeneesonananannnenns 1000 ml
Pure sulfuric acid (HyS0a). . .. oot ittt i i ittt ettt it ie i it e e e e 100 ml

Dissolve the dichromate in the water. Add the acid little by little, very carefully, stirring constantly. The acid
must always be added to the water, NOT the water to the acid. If commercial detergents such as Teepol 053,
Labrite, or Extran are available, dichromate cleaning solution is not usually necessary.

Warning: Since patassium dichromate and sulfuric acid are both corrosive and the mixture even more so, avoid using the solution
as much as possible.

DRABKIN DILUTING FLUID (No. 17)

Drabkin diluting fluid can be prepared from reagent tablets bought direct from manufacturers. The instructions
are supplied by the manufacturer.

For laboratories equipped with an accurate balance, Drabkin fluid can be prepared as follows:

Potassium ferriCyanide . ... ... ..ottt ittt tattoansseestnnsenceeeranancaaneenns 044
Lo = T 1T LIV T T T P 0.1g
Potassium dihydrogen phosphate ... ...... ittt ittt ittt etaranraenennnnnnnnns 0.28¢g
Nonidet P40 (Shell Chemical Co.). . ... oottt ittt it ittt ettt eerseesennnnnnnnnns 2ml
T SEBIOK S, ) . i ittt ittt ittt it e ittt ittt tansaseseteaasansonesnasaraeannans (1ml)
Distiled Water. . . ..ottt i ittt i it ettt e et et ettt e q.s. 2000 mi

Dissolve the first three chemicals in the water and mix.

Add the Nonidet {(or Storex) detergent and mix gently.

The reagent should be clear and pale yellow in colour.

When measured against water as blank, in a spectrophotometer at a wavelength of 540 nm, the absorbance
should be zero.

Store in a brown bottle. If the reagent appears cloudy, discard.

Warning: Potassium cyanide is a highly poisonous chemical and should be used only by experienced chemists. When not in use it
should be kept in a locked cupboard. After using the chemical, wash your hands thoroughly.

EDTA DIPCTASSIUM SALT SOLUTION, 100g/1 (10%) (“potassium edetate”) (No. 18)

Dipotassium ethylenediaminetetradcetate. . .. . ... ... iie it ietiveinrreetoenoinernarnntinnssnnss 2049
Distilled Water. . ... i it i it it ite ettt it te et tate et ettt e e et e q.s. 200 ml

For use, pipette 0.04 mi of this solution into small containers marked to hold 2.5 ml of blood. Allow the
anticoagulant to dry by leaving the containers overnight an a warm bench or in a 37 °C incubator.

EHRLICH REAGENT (No. 19)

Paradimethylaminobenzaldehyde ..............cciiiieienennanes 2g
Concentrated hydrochloricacid (HCH). . ..........c. o, 20mli
Distilledwater. . ......ciiiiiiiiiirerrenncnrronsserssnnenns 80mi
Mix the chemical in the water and then add the acid carefully.

Mix well,

Warning: Hydrochloric acid is highly corrosive.

EOSIN, 10g/l (1%) AQUEOUS SOLUTION (No. 20)

‘EOSII'I....' ............................................... 2g
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FIELD STAIN (No. 22)

FIELD STAIN A:
Preparation from prepared powders:
Fieidstain Apowder. . .......ccuiriiaiinnitnnrrannsnnnnns 509
Hotdistilledwater. . . ...ttt iiinennanen g.s. 600 mi

Mix until dissolved. Filter when cool.

Preparation from original stains and chemicals:

Methylene blue {medicinal) ................ .. ... ..ot 1649
- | 1.0g
Disodium hydrogen phosphate (Na,HPO,), anhydrous . ... .. ... 10.0g
Potassium dihydrogen phosphate (KH,PO,), anhydrous .. ... ... 1259
Distilledwater. . .......cciiietiiiiiaiinnaaercnnns g.s. 1000 ml

Dissolve the two phosphates in the water. Pour about half of the
phosphate solution intc 2 litre bottle containing a few glass beads. Add
the stain powders and mix well. Add the remainder of the phosphate
solution. Mix well and filter.

FIELD STAIN B:
Preparation from prepared powders:
FieldstainBpowder. . ..........c.ciiiiiiiiiiniinarnannas 48g
Hotdistilledwater. ... ..........c.cvviiiiiiaan, .q.5.600ml

Mix until dissolved. Filter when cool.

Preparation from original stain and chemicals:

Eosin (yellowwatersoluble) . . . ............. ..o i 2.0g
Disodium hydrogen phosphate (Na,HPQ,), anhydrous . . ....... 10.0g
Potassium dihydrogen phosphate (KH,PO,), anhydrous . .. .. ... 12.5¢
Distiledwater. . .....coiiiriiniaiinnnreranrananans q.s. 1000 mi

Dissolve the two phosphates in the water. Pour inio a litre bottle.
Add the eosin. Mix until dissolved. Filter.

£LUORIDE OXALATE (No. 23) Anticoagulant

Sodiumfluoride .........cccvt ittt iie ittt 129
Potassium OXalate . . .. ..o ittt it et a e i 6.0g
Distilledwater. . ......cvviiiiiinnennnnnnnnncanaanansas g.s. 100 ml

For use, pipette 0.1 mi of the anticoagulant into small containers, marked
to hold 2 ml of blood {or CSF).

Warning: Both sodium fluoride and potassium oxalate are poisonous.

FORMALDEHYDE CITRATE (No. 24)

SOodiUm CItrate. . ..ottt ettt it i st iner et 3.0g
Caommercial formaldehyde solution, at least 37% (“‘formalin”)...... 1.0ml
Distilledwater. . ............ it iiiiinirnniennnnriaes 100.0ml!

Warning: Formaldehyde is corrosive and poisonous.

FORMALDEHYDE SALINE (No. 25)

. Neutral formaldehyde solution, at least 37% (““formalin”) .......... 10ml
Sodium chloride solution, 8 59/I (0.85%) (N0.45)................ 90 ml

s Commerclal ‘formaldehyde solution is neutralized by adding a few drops of

'. 509/l (5%) sodium carbonate solution (reagent No. 44). Test with pH
indicator paper.

‘Mminy: Formaldehyde is corrosive and poisonous.




' FORMALDEHYDE SOLUTION, 10% (No. 26)
Commercial formaldehyde solution, at least 37% (“formalin”). .. ... 100 mi
Distilled Water. . .. v vt v e ieeevicnnasnnnensanrncaennnessnns 300 ml

Warning: Formaldebvde is corrosive and poisonous.

FOUCHET REAGENT (No. 27)
1. First prepare a a 10% solution of iron (“‘ferric’’) chloride:

lronchloride (FeCl3). . .... ottt i it caitaanenn, 10g

Distilledwater. . ....... .. ..o iiiiiiiiiiiiinnannss g.s. 100 ml
2. Preparation of reagent:

fronchloridesolution . . ... ... ... ... i annnanns 10ml

Trichloroaceticacid (CCI;COOH) .. ... .. vt 25¢g

Distilledwater. ..........iiiiiirenneernnennrooaaanss 100 ml

Dissolve the acid in about 70 ml of distilled water in a 100 ml volumetric
flask. Add the 10 mil of 10% iron chloride solution. Make the volume up to
100 m! with distilled water.

Warning: Trichloroacetic acid is highly corrosive.

GIEMSA STAIN (No. 28)

Powdered Giemsastain .. ....cvvnrinneieetnnnntnecannansans 0.75¢
Methanol (CH3OH) ... ...cii it ittt ittt iinac e s inearanan 65 ml
Glycerol . ...ttt it ittt i e et ettt 35mi

Put the ingredients in a bottle containing glass beads and shake. Shake the
bottle 3 times a day for 4 consecutive days. Filter.

{Check the manufacturer’s instructions in case the quantities indicated are
not the same).

In some countries Wright stain (No. 60) is used instead of Giemsa stain.

GLUCOSE REAGENTS (No. 29)
TRICHLOROACETIC ACID, 30g/1 (3%)

~ Trichloroaceticacid. . .................cccunn. PP 15g
Distiledwater.............. ... ... e teararesaanaas g.s. 500 mi

Weigh the acid out quickly, since it is highly deliquescent. Transfer to a
beaker. Add water to dissolve the chemical. Transfer to a 500 ml flask
and make up to the mark with water, Keep indefinitely in the refrigerator.

Warning: Trichloroacetic acid is highly corrosive,

ORTHOTOLUIDINE REAGENT

B0 1 T T 0.75¢g
Glacialaceticacid........ .ot iiiiiinr e itenennraernnnnns 470 ml
Orthotoluidineg . .......cciiiininrieriernvreennonncnnsnnncns 30ml

Dissolve the thiourea in the glacial acetic acid. (If it is difficult to dissolve
stand the flask in a bowl of hot water.) Add the orthotoluidine and mix
well. Store in a brown bottle, and keep at room temperature.

Warning: Avoid contact with these chemicals; glacial acetic acid is highly corrosive.

BENZOIC ACID, 1g/1 (0.1%)

Benzoicacid .. ...vv vttt it et sr e a s 1g
Distilledwater. . .......ocniiinennesnnnacenssnsssssanen q.s. 1000 ml

..~ Measure 1000 ml distilled water and heat to just below boiling. Add the
.- benzoic acid. Dissolve. Allow to cool.
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GLUCOSE REAGENTS (continued)
GLUCOSE STOCK REFERENCE SOLUTION

Glucose (dextrose), pure,anhydrous. . ... .........oiiiiiiiinnnns 5g
Benzoicacidsolution, 1g/l . ....... ... . i, q.s. 500 ml

Weigh out the glucose with great accuracy. Transfer to a 500 ml volumetric
flask and make up to the mark with the benzoic acid solution. Mix well.

Freeze in quantities of about 20mi. Use a new bottle of frozen stock
reference solution each time the working reference is prepared.

WORKING GLUCOSE REFERENCE SOLUTION
100 mg reference:

Glucose stock referencesolution. . ........covei it iinnnenn 1.0ml
Benzoicacid, 19/l. ... ..o iiiiiii it ii ey q.s. 100 m|

Using great accuracy, pipette 1.0 ml of the stock reference solution into a
100 m! volumetric flask. Make up to the mark with the benzoic acid
solution. Mix well. Store in a refrigerator. Renew monthly.

GLYCEROL WATER (No. 30)
Glycerol, Pure . . .. ..ottt i i ittt e 5ml
Distilled (or filtered and boiled) water .................... q.s. 1000 ml

GRAM IODINE SOLUTION (No. 31}

[T 1 4 12 19
Potassiumiodide (KI) .. ........cciiiitiiriiiieinnanennannnnes 2g
Distilled Water. . ..ot ittt i ineteeee e 300 ml

Grind the dry iodine and potassium iodide in a mortar. Add water, a few
ml at a time, and grind thoroughly after each addition until the iodine and
jodide dissolve. Rinse the solution into an amber glass bottle with the
remainder of the distilled water. Alternatively:

Measure 100 ml of water in a cylinder. First dissolve the potassium iodide
in about 30 mi of the water. Add the iodine and mix until dissolved. Add
the remainder of the water and mix well. Store in a brown bottle.

HYDROCHLORIC ACID, 0.1 mol/i {(0.1N) (No. 32)

Hydrochloric acid (HCl},concentrated . . . ..................... 8.6 mi
Distilledwater. . ...........ciiiiianennctoennscanases q.s. 1000 mi

Measure out 500 ml of water. Add the acid, drop by drop. Make up to
1 litre with the rest of the water. The solution obtained may be used only
for haemoglobin estimation by the Sahli method. Renew monthly.

Warning: Hydrochloric acid is highly corrasive.

ISOTONIC SALINE (see Sodium chloride solution)

KINYOUN CARBOL FUCHSIN (No. 33)

BasiCfUCHSIN. . oo ittt ittt e nne oot tarannannnses 4q
171 o S 8¢g
Ethanol, 95%. . v oot vt vn e v eneronnnansriossonesnoranansns 20ml
Distilled Water. ... ..ot iiiivrnnnnnnnnosssornsonanasnsnes 100 ml

First dissolve the fuchsin in ethanol. Then add phenol and water.

‘Warning: Phenol is highly corrosive and poisonous.




LACTOPHENOL COTTON BLUE MOUNTING SOLUTION {No. 34)

Phenolerystals ... .. . iiiiiiiiiiiiiiiiiiiiinnnnrnnnns 20 mg
LI o (o - 1 1S 20 ml
GIYCRrOl .. i e e ettt 40 ml
Distilled Water. . .. ... ittt ittt ittt it in et rnnanennn 20ml

Mix and dissolve by heating gently. Add 0.05 g of cotton blue.

Warning: Phenol is highly corrosive and paisonous.

LEISHMAN STAIN {(No. 35)
Leishman powder . ... ...t inn ittt ittt it e ennnns 1.5¢
Methanol. . ... ...t i it i ittt eennn,s q.s. 1000 mi

Rinse out a clean bottle with methanol. Add a few clean dry glass beads.
Add the staining powder and methanol. Mix well to dissolve the stain.
The stain is ready for use the following day. When preparing an ethano!
Romanowsky stain such as Leishman, it is important to allow no moisture
to enter the stain during its preparation or storage.

LUGOL 10DINE SOLUTION (No. 36) .
o T 1T T 1g

Potassium iodide (K1) . ... ... . i i i i i i 2g
Distilledwater. . ............ ittt ittt ianenanenans q.s. 100 m!

Weigh the iodine in a porcelain dish or a watch glass. Grind the dry iodine
and potassium iodide in a mortar. Add water, a few millilitres at a time,
and grind thoroughly after each addition until the iodine and iodide
dissolve. Put the solution into an amber glass bottle with the remainder of
the distilled water. Alternatively:

Measure 100 mi of water in a cylinder. First dissolve the potassium iodide
in about 30 ml of the water. Add the iodine and mix until dissolved. Add
the remainder of the water and mix well. Store in a brown bottle.

MAY-GRUNWALD STAIN (No. 37)

May-Griinwald powder ..........c.ccciiiiiriencernnrarnenes bg
Methanol. ... ..... ..ottt it e it ianaen ey q.s. 1000 ml

Rinse out a clean bottle with methanol. Add a few clean dry glass beads.
Add the staining powder and methanol. Mix well to dissolve all the stain.

The stain is improved by keeping for 1-2 weeks, mixing at intervals. When
preparmg an ethanol Romanowsky stain such as Mav-Griinwald, it is

npriant 1o aliow no moisture to enter the stain during its preparation
or storage.

METHYLENE BLUE, AQUEOUS (No. 38)

Methyleneblue.............coviiri it e tinernnns 0.3g
Distiled water. ...ttt ittt eriieennns, 100ml

Filter after dissolving.

MIF (No. 39)

1. Prepare a stock solution:
Tincture of thiomersal, 1: 1000 (Merthiolate, Lilly) ........... 200 ml
Formaldehyde solution (N0.26)..............ccvnvrnnnn. 25ml
Glycerol . ..o i i i e e a e S5mi
Distilled water. . . .....oiuriitinie i inrrnraneneannnen. 250ml

Store in a brown bottle for up to 3 months.
2. Preparation of 50g/l (5%) Lugotl iodine solution:

o T4 T A 65g
Potassiumiodide (K} . ....oviiiri i ittt e ernenenen, 10g
Distilledwater. ..........cotiiiiis i irererenennnas q.s. 100 mi

Prepare in the same way as Lugol iodine solution (No. 36). Store in
a brown bottle for no more than 1 month,

-3. On the day of use, mix:

Stock ghiqmersa‘l solution................... Crhiaear s 9.4 mi
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PANDY REAGENT (No. 40)

T [ S LI 30g
Distilled Water. . ... oot ieesiins e rnacn e e 500 ml

Put the phenol in a 1000 m! bottle. Add the water. Shake vigorously. Leave
to stand for one day. Check whether any phenol remains undissolved. If

s, filter. (If all the piienol has dissolved, add a further 10g and wait another
day before filtering.) Pandy reagent is a saturated solution of phenol.

Warning: Phenol is highly corrosive and poisonous.

POTASSIUM HYDRCXIDE, 2004/l (20%) (No. 41)

Potassium hydroxide pellets (KOH) .. ...... ... ... 20g
Distilled Water. . . .o is e iiercnnac e saans q.s. 100 ml

Warniag: Potassium hydroxide is corrosive.

SAFRANINE SOLUTION (No. 42)

Stock solution:

Safranine O (certified) . ... ... i 25g
Ethano!, 95%. « oot ieieieietaana s a e g.s. 100.0ml
Working solution:

StOCK SOMIION. . ottt iie it ittt e 10ml
Distilled Water. . .. ottt ivnr e rnaannesaarsasssassssosnnnssss 90 ml

SILVER NITRATE, 174/l (1.7%) SOLUTION (No. 43)

LT B 111 £ - IP big
Distilledwater. . .............. e it g.s. 300ml

Warning: Silver nitrate is caustic. -

SODIUM CARBONATE, 50 g/l (5%) AQUEOUS SOLUTION (No. 44)

Sodium carbonate (Na,CO;), anhydrous (or an equivalent
quantity of one of the hydrates) . .. ... bg
Distied Water. . . .. et i et e i e g.s. 100 m|

:.SODIUM CHLORIDE SOLUTION, 8.5 g/l (0.85%) {"isotonic saline’’}
No. 45)

Sodiumchloride . . .....coii i e 8.5¢g
Distilled Water. . . ...oviimneneeneeensansecanaanss ...q.s. 1000 ml

SODIUM CITRATE SOLUTIONS. See Trisodium citrate.

SODIUM HYDROXIDE 309/l {3%) AQUEOUS SOLUTION (No. 46)

Sodium hydroxidepellets . .. ......ocvveeiiiiin i inaaanns 3g
DistilledwWater. ... .ccveveieeteonacreasonannrrssossans g.s. 100m|

Warning: Sodium hydroxide is corrosive.

SODIUM HYDROXIDE, 1009/} (10%) AQUEOUS SOLUTION (No. 47)

Sodium hydroxide pellets . . ... .o 10g
Distilled WateT. . .. ... v vt r e em s e e q.s. 100m!
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'SODIUM METABISULFITE, 209/l (2%) AQUEOUS SOLUTION (No. 48)

Sodium metabisulfite (Na,S;,0s) .. .......coviiiiiiii ... 0.5¢g
Distilled Water. . .....civint ittt ittt ceet it q.5.25ml
Make up freshly for use.

SODIUM THIOSULFATE, 309/l (3%) AQUEOQUS SOLUTION (No. 49)

Sodium thiosulfate, anhydmus (or an equivalent quantity of
N3252O3, SH;O) ............................................ 3
Distiledwater. . ....... ... iiiiiiiiiiieinrnnennnns q.s. 100 ml

Store in a brown drop bottle. Used to neutralize any chlorine in water
samples taken for bacteriological analysis.

STUART TRANSPORT MEDIUM, MODIFIED (No. 50)

Y T 4004g
Distilledwater. ... ... .. ... iiiiiiiiiiiinanrrnrennennen. 1.00i
Heat until dissolved and add while hot:

Sodiumchloride ...ttt ettt e 3.00¢g
Potassiumchloride .. .......coitiiiinnnneernncrenenncnnns 0.20g
Disodium hydrogen phosphate (Na,HPQ,), anhydrous . ........... 1.15¢
Sodium dihydrogen phosphate (NaH,PO,), anhydrous . . .......... 0.20¢g
Sodiumthioglycolate .. ...........cciiiiiiiiiiiininenn 1.00g
Calcium chloride, 10 g/l {1%) aqueous solution freshly prepared. .. 10.00 mi
Magnesium chloride, 109/l {1%) aqueous solution ............. 10.00 ml

FinalpH : 7.3

1. Stir until dissolved. Add 10g neutral charcoal powder.

2. Dispense 5-6 ml per 13 x 10 mm screw-capped tube (avoid crushing).

3. Autoclave at 121 °C for 20 minutes. Invert tubes prior to solidification
in order to distribute the charcoal uniformly. Store in refrigerator.

SULFOSALICYLIC ACID 3009/1 (30%) AQUEOUS SOLUTION (No. 51)

Sulfosalicylicacid . ...........cviiin it e ernnnnnn 30g
Distiledwater. . ... ...ttt et ieenennnns q.s. 100 ml

SULFOSALICYLIC ACID 309/l (3%) SOLUTION (No. 52)
For quantitative protein tests using brotein standards:

— dilute the 3C0 g/l solution as follows:
— 3004/l suifosalicylic acid 50ml
— distilled water 450 mi.

TRISODIUM CITRATE, 20 g/l (2%) AQUEOUS SOLUTION (No. 53)

Keep in refrigerator.

TRISODIUM CITRATE, 389/l (3.8%) AQUEOUS SOLUTION (No. 54)

Trisodium citrate, anhydrous {or an equivalent quantity of either the
dihydrate or the pentahydrate) . . .......ovirin i, 3.8¢g
Distilledwater. . ........ooovviiiiir i ieee e ennr s q.5. 100 ml

Keep in the refrigerator. Use 1 ml of the solution per 4 m! of blood.
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_ TORK SOLUTION (No. 55)

Acetic acid (CH3COOH), glacial . .. .. .veernnaarunnneninannnnnss 4ml
Distilled Water. . . ... covvnnnnienerneaarsseeeeiaanananss q.s. 200 ml
Aqueous methylene bluesolution. . ..........coveiinnnnnn 10 drops

The methylene blue solution is prepared by dissolving 0.3 g methylene
blue in 100 m! of distilled water. Filter before adding to the acid solution.

Warning: Acetic acid is corrosive.

UREA REAGENTS (fo. 56}

TRICHLOROACETIC ACID, 100g/1 (10%)
Trichloroaceticacid. . .. .. ..o ver i ii i ST 20g
Distilled Water. . ... iiveecceeevcansaancananeasnasnnnsas q.s. 200 ml

Weigh the acid out quickly, since it is highly deliquescent. Transfer to a beaker.
Add water to dissolve the chemical. Transfer to a 200 ml stoppered cylinder
or flask and make up to the 200 ml mark with water.

Warning: Trichloroacetic acid is highly corrosive.

STOCK DIACETYL MONOXIME
Diacetyl monoxime (also called 2, 3-butanedione monoxime) ...... 6.25¢
Distilled Water. . ... iiininrsvncsanatanncanarancstssss q.s. 250 mi

Dissolve the chervical in the water. The solution should be renewed every
month.

STOCK THIOSEMICARBAZIDE
ThiosemicarbDazide. . . . - - cvceteeesnncncrsasossanassnassenss 0.63g
Distilled Water. . ... oconnvueeosonsanesansassannassascsns q.s. 250 m!

Dissolve the chemical in the water. The solution is stable at room
temperature.

5% TRISODIUM CITRATE SOLUTION

Trisodium CItrate. . . oo it eieieerenancossasnrsssacacsnassannnns 5g
Distilled Water. . ... o v v cereveerrrcnnnencasscanrnssaanes g.s. 100 ml

WORKING DIACETYL MONOXIME/THIOSEMICARBAZIDE

Stock diacetyl mONOXIMe . .. ...ttt 24 ml
Stock thiosemicarbazide . . .. ......ccieeiiii i aairanenaen 10mi
Distilled Water. .. ...t oivneeneevasssnnecsennsnsnnnassss q.s. 100ml

Mix the solutions together. Renew the solution every month,

UREA STOCK REFERENCE SOLUTION

UN@a o v ot e eeee s e s aeneosasannenseennasnrnsnsennnsasass 0.5g
Benzoic acid aqueous solution, 10g/1 (1%) .................. q.s. 500 m!

Weigh with great accuracy. Using a 500 mi volumetric flask, dissolve the
chemical'in the solution. Mix well.

UREA WORKING REFERENCE SOLUTION

Ureastock reference solution . ..........c.oovcvniienrnnnenenss 10mi
_..10% trichloroacetic acid . . . . - . . ee s sar e e e 50 mi
" Benzoic acid aqueous solution, 109/1 {(1%) . ................. q.s. 100ml

, Zipitte with great accuracy. Mix the solutions well in a 100 ml volumetric
ask.

. - ‘Waming: Trichloromtic acid-is highly corrosive.




WAVYSON STAIN (No.57)
Solution A,:

Basicfuchsin. ... ... it iiniiiiiii et tannnnannaans 0.2g

Methanol, anhydrous {"absolute™) ................. ... ... 10mi
Solution A,:

Methyleneblue . ........ ... it ittt 0.79

Methanol, anhydrous (“absolute’™) .. ... ... ..., 10ml

Combine the two solutions = Solution A.

Solution B: (504/1 (5%) aqueous solution of phenol)
T2 T ] U 10g
Distilledwater. . ......c.ooviiiiiininenennecnnannnasaans 200 ml

Add Solution A to Solution B. The staining properties of Wayson stain
improve with age. Make the stain in large quantities and dispense’it in
small amounts in dark bottles for future use.

Warning: Phenol is corrosive.

- WILLIS SOLUTION (No.58)
This is a saturated solution of sodium chloride.

Sodiumchloride .. ........ ... .. i iiiiiiittrenannnnnas 1259
Distilledwater. . .. ...ttt iiinnansactitonsrsroenns 500 mi

Dissolve the sodium chloride by heating the mixture to boiling point.
Leave to cool and stand. Check that some of the salt remains undissolved.
if it has all dissolved add a further p0g. Filter and keep in a corked bottle,

WINTROBE MIXTURE (No. 59)
Anticoagulant solution.

Ammonium oxalate ({(NH,),C,04,.H,0) ............. ... ... ... 1.2g
Potassium oxalate (K,C,04.H,0) ... ..o oo 08g
Distilledwater. . ........ ...ttt rnnnnrnnns q.s. 100ml

Put 0.5 ml of this mixture in each 5 ml bottle used for the collection of
blood. Leave the open bottles to dry at room temperature or, preferably,
put them in an incubator at 37°C.

WRIGHT STAIN (No. 60)

Wright stain (powder) ,............... R 0.3¢g
Glyceral . ... i i i et ey 3ml
Methanol. ... ...ttt ittt i iie ettt snanasenns 97ml

ZENKER FIXATIVE (No. 61)

Potassiumdichromate. . ........cciiitininnnronernnnnsnnnsas 2549
Mercuricchloride ............ ittt iinnnnnnns 509
SR s Ta 10T BT | - T 1.0g
o Distilledwater. . ... .. i e i e et e q.s. 100ml

 Just before use, add to the 100 ml of solution:
Aceticacid, glacial. . ............... e s eeaane et s 5ml

Waming: Glacial acetic acid is highly corrosive, and mercuric chioride is highly poisonous.
. This flxatlve should be made up by fully qualified and experienced technicians only.
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A

ABO grouping of blood, 435-436
with antisera, slide method, 437-439
test-tube method, 440-441
with standard red cells, slide (tile)
method, 443-445, 463
test-tube method, 446, 463
Accidents, 98
avoidance of, 101
ACD solution, 444, 458, 466
Acetic acid, 100g/1, 175, 331, 334, 466
Acid-ethanol, 249, 253, 257, 466
modified, 259
Acid reagent, 432, 466
Actinomycetes, 240
Amoebae, 73
cysts, 157-158
motile forms, 148, 150-152, 165
Ancylostoma duodenale, 123, 142
eggs, 125, 126, 163
larvae, 169
worms, 146
Anisocytosis, 409
Anthrax bacilli, 239
Anticoagulants 68-69, 72, 352, 466, 469
470, 475, 477
Antlgen D, 435 448
geographical distribution, 452
Ascaris lumbricoides, 123, 142
eggs, 125, 127,140, 163
worms, 143
Autoclave, 33-35

B

Bacilli, acid-fast, 249, 252
anthrax, 239
diphtheria, 270, 271
Gram negative, 240, 244
Gram positive, 239, 244
leprosy, 252, 259-262, 264
plague, 265-267 -
tetanus, 239
tubercle 249-258 277

Bacteriological examination, 231-234
gonorrhoea, 243-244
leprosy, 259-264
plague, 265-267
staining, 235-237
stools, dispatch for, 268-269
syphilis, 246-248
throat specimens, 270-272
tuberculosis, 249-258
urine, 275-277
water, dispatch for, 279-284
Balances, 48-51
Balantidium coli, cysts, 165, 159
motile form, 148, 154
Barium chloride, 100 g/l aqueous solution,
317, 466
Basophll cells, polymorphonuclear, 401
Basophilic granules 410
Benadict method for glucose in urine, 311
Benedict qualitative solution, 311, 466
Benzidine test, 177
Benzoic acid, 1g/l 429, 471
Bile pigments, in urine, 316-318
Biopsy material, fixation and dispatch, 73,
75-77
Biank reagent, 432, 467
Blast cells, 404
Blastocystis, in stools, 160
Bleeding time, 421-422
Blood, cerebrospinal fluid in, 340

collection, capillary, 189-190, 358, 388

venous, 353-358, 437, 458-461
dispatch, 72, 285-287
dried, 287
glucose estimation, 429-431
occult, in stools, 175-177
urea in, 432-434
in urine, 337
Blood coagulat:on 325
tests for, 421-427
Blood cross- matchmg, 453-455, 464
Blood donors, 4568
dangerous group O, 456-457
register, 82
Blood film, thick, preparation, 189-191
staining, 191-196
Blood film, thin, fixation, 390
preparation, 387-390
staining, 391-396
Blood grouping, 435-436
ABO system, 437-447
plan of work, 463-464
rhesus system, 448-452
Blood plasma see Plasma, biood
Blood platelets see Thrombocytes
Blood serum see Serum, blood
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Borrelia, 241
Bovine albumin, 20%, 453, 464, 467
Brilliant cresyl biue, 414, 417, 467
Brugia malayi, 213, 214
Buffered glycerol < iline, 72, 269, 467
Burettes, 46
Birker ruled chamber for blood cell
counts, 364

Burns, acid, 98

alkali, 99

heat, 100

C

Cabot bodies, 410
Candida, 270, 272, 349
Carbol fuchsin, Kinyoun, 257, 472
Ziehl-Neelsen, 249, 253, 468
modified for leprosy test, 259
Cary-Blair transport medium, 265, 268, 468
Casts, in urinary deposits, 330-332
Centrifuges, 52-55
see also Microhaematocrit centrifuge
Cerebrospinal fluid, appearance, 340
collection, 339.
dispatch, 71, 350
fungi in, 349
glucose estimation, 344, 429
Gram staining, 348
leukocyte concentration in, 342
meningococci in, 346
microscopical examination, 347
pneumococci in, 348
protein in, 345-346
register, 80 -
trypanosomes in, 347
Ziehl-Neelsen staining, 349
‘Chagas’ disease see Trypanosomiasis, South
American
Chilomastix mesnili, cysts, 158
motile forms, 148, 154
Cholera vibrios, 72, 268, 269
Ciliates, cysts, 155, 158
motile forms, 148, 154
Clonorchis sinensis, 123
eggs, 125, 128, 141, 163
worm, 146
Clot retraction and lysis time, 425-427
Coagulation time, whole blood, 423-424
Cocci, Gram negative, 244
Gram positive, 239, 244
Coccidia, in stools, 161
Coccobacilli, Gram negative, 240
Compatibility testing of blood, 453-455,
463-464

" Concentration methods, microfilariae, 223-225

parasites in stools, 162-169
trypanosomes, 207-208
Containers for specimens. 68-73
biopsy tissue, 73, 76
blood, 68-69, 72, 286-287, 461
cerebrospinal fiuid, 71, 350
disposal and sterilization, 39-41
pus, 71, 245-246
throat, 71, 273
sputur, 70, 25656
stools, 72-73, 114, 268
urine, 73, 305
water, 279
Corynebacterium diphtheriae, 270, 271
Cross-rmatching blood for transfusion,
453-455, 464
Crystal violet, modified Hucker, 235, 468
Crystals, in urinary deposits, 332-335
CSF see Cerebrospinal fluid
Cysts in stools, 155-161
artifacts, 160-161
microscopical appearance, 157-159
recognition features, 156
slide examination, 155

D

'Diabetes mellitus, 429

Diacetyl monoxime/thiosemicarbazide
method for urea estimation, 432-434
Dichromate cleaning solution, 30, 369, 469
Dicrocoelium, 123, 142
‘ eggs, 128, 141, 163
§ worms, 146
Dientamoeba fragitis, 158
motile form, 148, 152
Differential leukocyte count see Leukocyte
type number concentration
Differential white cel! count see Leukocyte
type number concentration
Dipetalonema perstans, 213
Dipetalonema streptocerca, 218
Diphtheria bacilli, 271
Diphyllobothrium latum, 123, 142
eggs, 128, 141
Diplococci, Gram negative, 239, 243
Dipylidium caninum, 123, 142
eggs, 129
worms, 145
Drabkindiluting fluid, 371, 462
Duke method for bleeding time, 421-422

]




Echinococcus granulosus, 185
EDTA dipotassium salt solution, 68, 72, 352
380, 383, 388, 413, 414, 418, 433, 437,
448, 469
Eggs, in sputum, 183-184
in stools, alphabetical list, 123
artifacts, 138-140
conicentration methods, 163-169
identification key, 125
microscopical appearance, 121,
126-137, 140-141
terms used, 124
in urine, 178-180
Ebhrlich reagent, 319, 469
Electrical equipment, setting up and
maintenance, 87-93
Electric shock, 101
Elliptocytes, 410
Endolimax nana, cysts, 158
motile form 148, 152
Entamoeba coli, cysts, 157
motile form, 150, 151
Entamoeba hartmanni, cysts, 157
motile form, 152
Entamoeba histolytica, cysts, 155, 157, 159
motile form, 148, 150, 151
Enterobius vermicularis, 123, 142
collection of eggs, 119-21
eggs, 125, 129, 140
worms, 143
Easin, 10g/l aqueous solution, 297, 469
20 g/l solution in saline, 147, 469
Eosinophilia, 406
Eosinophils, polymorphonuclear 401
Epithelial cells, in urinary deposits, 329
Erythrocyte count see Erythrocyte number
concentration
Erythrocyte number concentration, 9,
366-370, 384
Erythrocyte sedimentation rate, 418-420
Erythrocyte volume fraction, 8, 9, 379-385
Erythrocytes, 351
abnormal, 407-410
in urinary deposits, 327
ESR see Erythrocyte sedimentation rate

,

F

Fasciola hepatica, 123, 142
egas, 125, 130, 141, 163
worms, 146

" Fasciolopsis buski, 123, 142

eags, 125, 130, 141, 163
worms, 146
Field stain see Stain, Field
Filariae see Microfilariae
First aid procedures, 98-101
Fixation, bacterial smears, 233-235, 250,
261, 266
bIODSY tissue, 73, 75-76
thick blood films, 191
thin blood fiims, 390 391, 393, 395
Flagellates, in stools, cysts, 158
motile forms 148, 153-154, 165
recognition features, 156
in urine, 181
Flukes, blood see Schistosoma
cat liver see Opisthorchis felineus
Chinese liver see Clonorchis sinensis
giant intestinal see Fasciolopsis buski
giant liver see Fasciola hepatica
Japanese see Metagonimus yokogawai
lancet see Dicrocoelium
oriental lung see Paragonimus
westermani
small oriental see Heterophyes
heteraphyes
Fluoride oxalate, 341, 344, 352, 429, 470
Formaldehyde crtrate solut|on 366 470
Formaldehyde-ether concentration techmque
162, 165-167
Formaldehyde saline, 73, 75, 470
Formaldehyde solution, 10%, 72, 73, 165,
173, 325, 471
Fouchet reagent, 317, 471
Fuchs-Rosenthal counting chamber, 343
Fungl in cerebrospinal fluid, 349
in genitourinary d|sc.harge 188
in stools (yeasts), 160
in urinary deposits (yeasts), 328

G

Gametocytes, 197, 200-201

Giardia lamblia, cysts, 155, 158, 159
motile form, 148, 153

Giemsa stain see Stain, Giemsa

Glassware, 27-32, 34, 37,64-67, 105, 369-370

Glossina, 226

Glucose, estimation in blood, 429-431
in cerebrospinal fluid, 344, 429
in urine, 311-312

Glucose reagents, 429, 471-472

Gonococci, 239, 243-244

Gonorrhoea, 231, 243-244

Gram stain see Sfam Gram

Granulocytes, 403
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Haematocrit see Erythrocyte volume fraction
Haemoglobin, concentration, 385
estimation by cyanmethaemoglobin
photometric method, 371-374
estimation by Sahli method, 377-378
estimation using comparator, 375-376
units of measurement, 371
Haemoglobin H bodies, 417
Haemoglobin S, 411
Haemophilus influenzae, 348
Hansen’s bacillus see Mycobacterium leprae
Harada-Mori stool concentration technique,
162, 168-169
Heinz bodies, 417
Heparin, 69, 380
Heterophyes heterophyes, 123
eggs, 131, 141, 163
worms, 146
Hookworm see Ancylostoma duodenale and
Necator americanus
Hot air oven, 37
Howell-Jolly bodies, 410
Hydatid scolex, 185
Hydrachloric acid, 0.1 mol/l, 377, 472
Hymenolepis diminuta, 123, 142
eggs, 131, 141
Hymenolepis nana, 123, 142
eggs, 125, 132, 140, 163
worms, 145
Hypochromic cells, 409

Inoculating loop, making, 232
lodamoeba butschli, cysts, 158
motile form, 148, 152
Isotonic saline see Sodium chioride, 8.5g/I
solution

J_

Jenner stain see Stain, Jenner

Kala-azar, blood test, 462
Ketone bodies in urine, 320-321
Kinyoun carbol fuchsin, 257, 472

L

Laboratory apparatus and equipment, 27,
104-107
Laboratory glassware, 27
cleaning, 29
making, 64
Laboratory plans, 102-103
Laboratory registers, examples, 78-83
Lactophenol cotton blue mounting solution,
300, 473
Lee and White method for whole blood
coagulation time, 423-424
Leishman stain see Stain, Leishman
Leishmania donovani, 462
Leprosy, 259-264
Leptospira icterohaemorrhagiae, in urine, 182
Leptospirosis, 182
Leukocyte count see Leukocyte number I
concentration ‘
Leukocyte number concentration, 9, 360-365
Leukocyte type number fraction, 8, 9, 193,
343, 397-398
Leukocytes, 351
counting, 363, 405-406
examination, 398-404
in cerebrospinal fluid, 342
in stools, 160
in urinary deposits, 327
Leukocytosis, 364
Leukopenia, 364
Loa loa, 212,214
Loeffler culture medium, 271, 273
Lovibond comparator, 61
Lugo! iodine solution, 116, 147, 155, 165,
173, 316, 473
Lugol iodine test, 316
Lymphocytes, 401-402, 404
Lymphocytosis, 406
Lysis time of blood clots, 426




Macrocytes, 409
Malaria parasites, 196-203
blood film preparation, 196
thick films, 189-192
thin films, 387-390
density, 198, 203
developmental stages, 197
in donor blood, 462
geographical distribution, 199
recognition features, 200-202
Mansonella ozzardi, 213, 214
May-Grinwald stain see Stain, May-Grinwald
McArthur microscope, 26
Mean corpuscular haemoglobin concentration
see Mean erythrocyte haemoglobin
concentration
Mean erythrocyte haemoglobin concentration
10, 386
Megakaryocytes, 404
Meningitis, 339, 344, 347-349, 429
Meningococci, 239
in cerebrospinal fluid, 346
Metagonimus yokogawai, 123
egags, 132, 141, 163
worms, 146
Methylene blue, aqueous, 249, 253, 257, 473
modified, 2569
Microcytes, 409 -
Microfilariae, blood, concentration, 207-208
recognition features, 210-214
species, 212-214
staining, 209
time of day for specimen
collection, 204
wet preparation, 204-206
eye, 219
in glandular fluid, 230
skin, 215-219
in urine, 181-182
Microhaematocrit centrifuge, 208, 224,
379-383
Microscope, 19-26
adjustment system, 17
illumination system, 16
magnification system, 14
object focusing, 21
precautions in use, 24
routine maintenance, 23
setting up, 18
support system, 13
Microscope slides, cleaning, 31
MiF solution, 73, 165, 173, 473
MIF stool concentration technique, 162, 167
Moniliasis, 272
Monocytes, 402
in malaria, 202
Monocytosis, 406

r

~ Monthly report, example of, 84

;;Mg,ti;lgg,fqrms’ of protozoa in stools, 147-154

" microscopical appearance, 150-154
recognition features, 149
slide examination, 147
Mycelium filaments, in genitourinary
discharge, 188
Mycobacterium leprae, 259
Mycobacterium tuberculosis, 249, 253

N

Nasal smears, leprosy bacilli in, 264
Necator americanus, 123, 142
eggs, 125, 132, 140, 163
worms, 146
Needles, 105, 226, 265
cleaning, 32
sterilization, 34
VDRL test, for, 288, 294
venepuncture, 353
Neisseria gonorrhoeae, 243
Neubauer ruled chamber for blood cell
counts, 363, 368
Neutropenia, 406
Neutrophilia, 406
Neutrophils, polymorphonuclear, 400
Normoblasts, 364, 403, 408

O

Onchocerca volvulus, 215

in urine, 181

recognition features, 218
Onchocerciasis, 215-219
Opisthorchis felineus, 123

eggs, 133, 141, 163

worms, 146
Orthotoluidine method for glucose

estimation, 429-431

Orthotoluidine reagent, 429, 471
Ova see Eggs
Oxyuris see Enterobius vermicularis
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Packed cell volume see Erythrocyte
volume fraction
Pandy reagent, 346, 474
Pandy test for globulin in CSF, 346
Paragonimus westermani, 123
eggs, 125, 133, 141, 163, 183-184
Parasites, 111
concentration in stools, 162
in urine, 178-182
see also specific organisms
Pasteurella pestis see Yersinia pestis
Peripheral laboratory, equipment of,
104-107
plan, 102-103
pH determination of urine, 309-310
of water, 60, 61-63
Pinta, 288
Pinworm see Enterobius vermicularis
Pipettes, 43
cleaning of, 30
dropping, 46
Pasteur, 64, 246
Pitysgsis versicolor, direct examination, 297-
2 .
Pityrosporum furfur, 297
Plague, 265-267
Plasma, blood, 352
Plasma cells, 402
Plasmodium, 199-202
Platelets see Thrombocytes
Plumbing, simple procedures, 94-97
Poikilocytes, 409
Poisoning, 100
Polymorphonuclear cells, 400-401, 403
Poly(vinyl aicohol), 73, 173, 174
Potassium hydroxide, 200 g/1, 300, 474
Pregnancy tests, 336
Pressure cooker for sterilization, 36
Protein, in cerebrospinal fluid, 345-346
in urine, 313-315
Protozoa, 113, 142
cysts, 1565-1569, 165
motile forms, 147-161
see also specific organisms
Pus, in stools, 161
urethral, 71, 243-245
PVA see poly(vinyl alcohol)

Q

" Quantities, names for, 7-10

Reagents, preparation, 465-477
Record forms and registers, 79-83
blood chemistry, 79
blood donor, 82
blood transfusion, 80-81
cerebrospinal fluid, 80-81
haematology, 79
parasitology, 83
serology, 83
urine analysis, 80-81
Red blood cells see Erythrocytes
Red cell count see Erythrocyte number
concentration
Registers, 78-83
Reports, bacteriological examination, 242
monthly, laboratory, 84
stool examination, 172
Reticulocyte count see Reticulocyte number
concentration and Reticulocyte number
fraction
Reticulocyte number concentration, 9, 416
Reticulocyte number fraction, 9, 416
Reticulocytes, 414-417
Rhesus grouping of blood, 435-436
slide method, 448-450
test-tube method, 451-463
Ringworm see Tinea
River blindness see Onchocerciasis
Romanowsky stain see Stain, Romanowsky
Rouleau formation, 442, 450, 455
Roundworm see Ascaris lumbricoides

S

Safranine solution, 235, 244, 474
Salmonella, 268
Saprophytes, 238, 239, 241, 244
Schistosoma bovis, 123, 142
eggs, 133, 163
worms, 146
Schistosoma haematobium, 123, 142
eggs, 125, 134, 140, 163, 178-180, 332
worms, 146
Schistosorna intercalatum, 123, 142
eggs, 134, 141, 163
worms, 146
Schistosoma japonicum, 123, 142
eqgs, 125, 135, 141, 163
worms, 146
Schistosoma mansoni, 123, 142
eggs, 122, 125, 135, 140, 163, 180
worms, 146




i 7,~;‘7,»200-201
- Serum; blood, 352
collectlon 285- 286
colourin donor’ blood, 457
dispatch, 286
preservation, 286
Shigella, 268
Sickle cells, 408, 411-413
Siiver niirate, 17 g/i soiution, 58, 474
Similium, 215
St units, 6-10
Skin lesions, leprosy bacilli in, 2569-262
Sleeping sickness see Trvnangsgmlasls
African
Smears, for: bactenologlcal exammatlon
fnxatlon 233-234 -
preparation, 232-233
staining, 234
Sodium carbonate, 98, 474
Sodium chloride, 8.5 g/! solution, 116, 121,
147, 165, 165, 186, 204, 209, 215, 220,
226, 264, 765 928 4'27 453, AR‘Z 474
Sodium hydroxlde 30 g/l aqueous solutlon
183,474
100 g/! aqueous solution, 178, 474
Sodium metabisulfite, 20 g/l aqueous solution,
411,475
‘Sodium nitroprusside see Sodium penta-
cyanonitrosylferrate{2—)
Sodium pentacyanonitrosyliferrate(2—), 320
Sodium thiosulfate, 30 g/l aqueous solution,
279, 475
Specific gravity of urine, 307-308
Specimens, dispatch, 71-73
disposal, 39-41
packing, 74
registration, 78
Spermatozoa, in urinary deposits, 329
Spheracytes, 409
Spirochaetes, 182, 241, 246-248, 272
Sputum, collectlon 254
dispatch, 71, 255
eggs in, 183-184
smear preparation, 249-251
tubercle bacilli in, 249
Stab cells, 400
Stain, Freld A and B, 191, 196, 222, 390, 395
Glemsa 191, 193-195 196 0 209
218, 222 230 241, 290, 593’
Gram, 235-237 238 242 244 270,
275 348
Jensen 391
Kinyoun, 257-258
Leishman, 391
May-Griinwald, 193, 390, 393
Romanowsky, 391
Waysaon, 265-267
Wright, 391
Zieh|-Neelsen, 238, 242, 249, 253,
259, 262, 264 275 349
Staphylococcl 239
Sterilization, 33-38
Stirring rod, maklng, 66

» Stools, collectlon 114

concentration of parasites in, 162- 169

o . ';Stools (contmued)

dispatch, 72-73, 173 174 268-269
examination, 113 170-172

occult hlnnrl in, 176.177

protozoa in, 147- 161
worms, adult, in, 143-146
eggs, in, 122-141
Streptococci, 239
Strongyloides stercoralis, 123, 142
eggs, 125, 136, 141
larvae, 136 140, 163, 168-169

Stuart transport medoum mOdIerd 246,
77‘2 ?Rn a78

Sulfosallcylrc acid, 30 g/l aqueous solution,
345, 475
3009/I aqueous solution, 313, 475
Supplies, inventory, 85
ordering, 86
storage, 85
Swabs, preparation, 274
Syphllls 246-248, 287, 288
Q\lrmnm: 105

stvrlllzatlon, 34

T

Taenia saginata, 123, 142

eqggs, 125, 137, 140, 163

worms, 144, 145
Taenia solium, 123, 142

eggs, 125, 137, 140, 163

worms, 144, 145
Tapeworm, beef see Taenia saginata

dog see Dipylidium caninum

dwarf see Hymenolepis nana

fish see Diphyllobothrium latum

tpork see Taenia solium
‘rat see Hymenolepis diminuta

Target cells, 408, 413
Tetanus bacilli, 239
Thiosemicarbazide reagent, 432, 476
Threadworm see Strongyloides stercoralis
Throat specimens, dispatch, 71, 273

examination, 270-272

swab preparation, 274
Thrombocyte count see Thrombocyte

number concentration
Thrombocyte number concentration, 9, 351
Thrombocytes (platelets), 203, 351, 398 426
Thrush, 272
Tinea, direct examination, 300-302
Transgrow transport mednum 71, 245,
273, 350

Transport media, for cerebrospinal fluid, 350

for gonococci, 245-246

for sputum, 255

for stools, 268-269

for throat specimens, 273
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' Treponema pallidum, 246,462 =
Treponema pertenue, 246
Treponema vincentii, 241, 272
Trichomonas hominis, motile form, 148, 153
Trichomonas vaginalis, in genitourinary
discharge, 186-187
in urinary deposits, 329
in urine, 181
Trichostrongylus, 123, 142
eggs, 137, 141
Trichuris trichiura, 123, 142
eggs, 125, 137, 140
worms, 146
Trichloroacetic acid, 304g/l, 429, 471
‘ 1004g/1, 432, 476
Trisodium citrate, 20 g/l aqueous solution,
207, 208, 475
38 g/] aqueous solution, 69, 72, 3562,
418, 438, 475
Trophozoite, 197, 200-201
Trypanosoma cruzi, 225, 462
Trypanosoma gambiense, 222
Trypanasoma rangeli, 225
Trypanosorna rhodesiense, 222
Trypanosomes, in blood, 220-224, 287, 462
in cerebrospinal fluid, 347
in lymph node fluid, 226-230
recognition features, 221, 222, 225,
229, 230
Trypanosomiasis, African, 220, 226
South American, 220, 225
Tsetse fly see Glossina
Tuberculosis, 231, 249-258
Tiirk solution, 342, 360, 476

U

Urea estimation, 432-434

Urea reagents, 432, 476

Urethral pus, dispatch of specimens, 71, 245
examination, 243

Urinary depos'ts, casts in, 330-332
crystals in, 332-335
microscopical appearance, 327-335
preparation, 326

Urine, analysis register, 80
appearance, 306
bile pigments in, 316-318
blood in, 337
collection, 275, 305
cultures of, 278
direct bacterial examination, 275-277
glucose in, 311-312, 323
indicator papers for examination,

323-324
_ketone substances in, 320-322, 324

parasites in, 178-182

 Urine, (continued)

‘pH, 309-310

pregnancy tests, 336

protein in, 313-315, 323

specific gravity, 307-308

tubercle bacilli in, 277

urobilinogen in, 319, 324
Urobilinogen, 319, 324

V

VDRL test, 248, 288
buffer soluticn, 289, 467
preparation of antigen suspension, 288
qualitative, 291-293
quantitative, 294-296
Venepuncture, 353-358, 458-461
Vincent's angina, 241, 272
Volume, measurement of, 42-47

W

Wash bottle, making, 67
Water, buffered, 61-63, 468

clean, 56

demineralized, 59

distilled, 57

for laboratory use, 56

pH of, 58, 60, 61-63

sampling for analysis, 279-284
Whipworm see Trichuris trichiura
White blood <ells see Leukocytes
White cell count see Leukocyte number

concentration
Willis concentration technique, 162, 163-164
Willis solution, 163, 477
Wintrobe mixture, 352, 383, 477
Worms, adult, in stools, 143-146
. see also Eggs

Wright stain see Stain, Wright
Wuchereria bancrofti, 212, 214

in urinary deposits, 332

in urine, 181




Xanthochromia, 342

\V4
|

Yaws, 246, 247, 287, 2
Yeasts, 240

in genitourinary discharge, 188

in stools, 160

in urinary deposits, 328
Yersinia pestis, 265, 267

Fols]

Z

Zenker fixative, 73, 75, 477
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