Compendium of Diagnostic Protocols of the OIE Reference Laboratory for Animal Trypanosomoses of African Origin

[
b \
POUR LE DEVELOPPEMENT o

OIE Reference Laboratory for Animal
Trypanosomoses of African origin

COMPENDIUM oF STANDARD

DIAGNOSTIC PROTOCOLS FOR

ANIMAL TRYPANOSOMOSES
OF AFRICAN ORIGIN

Montpellier, October 2017.

Marc Desquesnes,

with contributions by Zakaria Bengaly, David Berthier, Géraldine Bossard, Bila Cene,
Hamidou llboudo, Vincent Jamonneau, Jacques Kaboré, Youl Mémé, Léopold Millogo,
Sophie Ravel, Hassane Sakandé, Lassina Sanogo, Sophie Thévenon, Wilfrid Yoni and
Adrien Zoungrana (and Nick Barton for translation).




Compendium of Diagnostic Protocols of the OIE Reference Laboratory for Animal Trypanosomoses of African Origin



Compendium of Diagnostic Protocols of the OIE Reference Laboratory for Animal Trypanosomoses of African Origin

Foreword

Animal trypanosomoses of African origin are a group of diseases caused by several
species of protozoan parasites of the genus Trypanosoma, mainly transmitted cyclically by the
genus Glossina (tsetse flies), but also transmitted mechanically by several biting insects
(tabanids, stomoxes, etc.). The diseases can affect various species of mammals but, from an
economic point of view, are particularly important in livestock, including cattle, pigs, horses,
sheep and goats. They are caused mainly by Trypanosoma congolense, T. vivax and, to a
lesser extent, T. brucei brucei, but also by T. evansi. The ethiological agent of dourina, T.
equiperdum, is a peculiar case of trypanosomose, exclusively transmitted venerealy in equids;

in the present compendium, it will be considered only for differential diagnosis.

Animal trypanosomoses of African origin are classically acute or chronic diseases that
cause intermittent fever and are accompanied by anaemia, oedema, lacrimation, enlarged
lymph nodes, abortion, decreased fertility, loss of appetite and weight, leading to early death
in acute forms or to digestive and/or nervous signs with emaciation and eventually death in

chronic forms.

A prerequisite for trypanosomosis control, as with any infectious disease, is the ability to
detect the agent and the immune response in the host. Furthermore, diagnostic tests in the
vector and the host provide the basis for all epidemiological investigations and monitoring of

control programmes.

Within the framework of the OIE Reference Laboratory for Animal Trypanosomoses of

African Origin Twinning Project (2012-2017) , CI RAD, i n its capacity

Laboratory, with its facilities in Montpellier and Bangkok, and CIRDES,
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Bobo-Dioulasso, Burkina Faso, the Candidate Laboratory, have been working together for the
past 6 years to standardise, optimise and harmonise diagnostic methods and banks of samples
and reference strains, with the aim of improving the methods and enabling CIRDES to become

an OIE Reference Laboratory for Animal Trypanosomoses of African origin.

e

Bovine infected withl. congolenseWestAfrica

Asia

Cattle infected withT. vivax South America
(M. Desquesnes)
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Introduction

This Compendium has been compiled to serve as a reference tool for the diagnostic
methods for trypanosomoses used at the OIE Reference Laboratory for Animal
Trypanosomoses of African Origin, CIRAD, Montpellier, France, and its partner laboratory,

CIRDES, Bobo-Dioulasso, Burkina Faso.

The Compendium describes the standard parasitological, serological and molecular
biology methods recommended by the OIE for the diagnosis of African trypanosomoses, as
published in Chapter 2.4.10r d7KMPANOSNMAST St ( & s €
Diagnostic Tests and Vaccines for Terrestrial Animals (hereafter, the Terrestrial Manual). It
describes the main characteristics of these methods, enabling users to correctly interpret the
results of the tests. It describes all the protocols in detail so that other regional or national
laboratories can use these methods to carry out tests independently of OIE Reference
Laboratories. However, it is recommended that permanent links are maintained with these
Reference Laboratories for quality control purposes. The Compendium includes a description

of the quality control methods needed to ensure the continued validity of the tests carried out.
7
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The chapter on tsetse-transmitted trypanosomosis in the OIE Terrestrial Manual is
included in Part 2 OIE Listed Diseases and Other Diseases of Importance, section 2.4. Bovinae
(which includes cattle, antelopes, sheep, goats, etc). Nevertheless, trypanosomoses affect
species of other families and may also need to be diagnosed, especially in the case of equidae
and carnivores. Diagnostic considerations for these species will therefore also be taken into
account. For the purpose of detecting trypanosome infection, no assumptions are made
regarding the trypanosome species involved, and all species must therefore be considered
regardless of whether they are tsetse-transmitted, which implies, at least for diagnosis
purpose, to consider as well T. cruzi, T. evansi and T. equiperdum.

The diagnostic methods described below can be used either to complement clinical
findings or as epidemiological survey tools. In addition to the purely technical sections, dealing
with the collection and labelling of samples, parasitological diagnosis, diagnosis using DNA
detection and serological diagnosis, the Compendium provides recommendations on using
trypanosomosis diagnostic tests and means of ensuring the quality of diagnosis, and covers
topics ranging from maintaining laboratory records, maintaining a bank of samples and
reference strains, quality control, and recommendations on inter-laboratory standardisation,
and packaging and transport of biological samples. The Compendium ends with a bibliography
and technical Annexes describing each technique in detail.

Trypanosoma vivagn Giemsa stained blood smear (M. Desquesnes)
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1. Collection, labelling and storage of samples

In mammals, laboratory diagnosis of trypanosomosis is usually performed on blood, but other
biological samples may be tested, such as cerebrospinal fluid (CSF), lymph, joint fluid, and

ocular or genital serous or mucous discharge.

In bovids, blood samples are normally taken, using a sterile needle, from the jugular, caudal or
ear vein. The ear vein allows a more sensitive direct examination than the others and in an
individual animal scarification of the vein can be used; nevertheless, when sampling a number
of animals and/or for practical reasons (e.g. to obtain a sufficient volume for other
examinations), jugular or tail venipuncture is generally preferred in cattle, and jugular
venipuncture in sheep and goats. In dogs, blood is collected from the cephalic vein (foreleg) or

saphenous vein (hind leg), whereas in horses the upper part of the jugular vein is preferred.

Biological samples not requiring anticoagulant (CSF, lymph, etc.) are placed in dry tubes

(conical microtubes) and kept chilled (0-4°C).

The usual precautions should be taken when collecting samples, namely use of boots, overall
and gloves. The blood is either collected directly in dry vacutainer tubes (without anticoagulant)
or vacutainer tubes containing anticoagulant (heparin, EDTA, etc., depending on the protocol),
or collected with a syringe and distributed to the tubes. Dry tubes should be kept cool for 6 to
10 hours (15-20°C) and should not be refrigerated or kept in direct contact with ice to avoid
clotting i always a possibility in the event of rapid cooling i, and can also lead to a degree of
lysing of red blood cells and alter the quality of the sera to be collected. The dry tubes should
therefore be kept in the shade, in a cool place during the day, and then be placed in a
refrigerator 6 to 10 hours later, to allow the retraction of clots to continue. Serum can be

collected by pipette 24 to 48 h later, preceded by centrifugation if necessary.

Tubes with anticoagulant should immediately be chilled (in a cooler at 0-4°C) to await testing

or further preparations.



Compendium of Diagnostic Protocols of the OIE Reference Laboratory for Animal Trypanosomoses of African Origin

y
Collecting blood fron thejugularvein

using a vaccurtube

Using a syringe to collect a blood sample from the caudal vein, in dairy cows
(M. Desquesnes)

The labelling of tubes during sample collection must be harmonised to ensure that labels
are universally understood. Ideally, the codes used should be the same as those used for
biological samples stored in banks, but differences in habits and in languages from one country
to another means that, in practice, there is often considerable freedom in the choice of labelling
methods in the field and they are not always strictly applied. Every effort should therefore be
made to copy, at least as closely as possible, the codes defined for sample banks, failing which

the changeover from field labelling to laboratory labelling can lead to transcription errors.

10
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Tubes are usually labelled in the following manner:

Two letters are used to identify the animal species sampled and, if possible, the type (e.g. BC
for beef cattle or BV for bovin a viande, depending on the language of the country); it is
advisable to adopt the English form so that all partners will be using the same codes. The

universal codes for the various species are given herefater.

For the follow-up of tested animals: 2 letters to identify the animal species, followed by the
ani maldéds reference number and, after a dash (or
example for beef cow No. 224 sampled on 8 February 2012: BC224 - 08/02/12

or BC224
08/02/12

For samples taken from herds in the field, indicate the host species followed by the
identification number of the animal or the serial number of the sample; then the name of the
locality abbreviated to the first three letters (or, if necessary, another code but preferably no
more than 5 letters); for example, the 15th dairy cow (dairy cattle: DC) sampled at Kou on 28
February 2013: DC14 - KOU - 28/02/13.

For samples other than blood, the nature of the sample must be specified separately from the
rest of the data (articular liquid: AL; cerebrospinal fluid: CSF, etc.).

Labelling of tubes at the laboratory must be harmonised to ensure a common
understanding. It is generally done as follows for the most common types of samples, namely

sera, plasma, blood and buffy coat.

These 4 types of samples must be kept in different boxes to avoid confusion between serum

and plasma or blood and buffy coat. The sample type is also indicated on the cryotube box.

Furthermore, different cryotubes are used for whole blood, which is kept in cryotubes of

1.5 ml (or larger), and for buffy coats, which are kept in smaller cryotubes, for example 0.5 ml.

However, as different types of sample may have to be handled at the same time, a letter is
placed on the cap of the cryotabfeer MISOod ocandefi@

coat.

When a sample enters a bank of samples, it is assigned a serial number preceded by 2
letters to identify the host; this alphanumeric number is its permanent unique identifier. A code

often consisting of a single letter can also be used.

11
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Universal codes to be used for the various species

Beef cattle BC

Dairy cattle DC

Bos taurus BT

Bos indicus BI

Water buffalo (Bubalus bubalis) BB (or B)
Sheep (ovine) QV (or S)
Goat (caprine) CP (or G)

Other: indicate the initials of the species

Mus musculus (mouse)
Horse

Donkey

Mule

Pig (Sus scrofa)

Dog

Asian elephant

Rat

MM (or M)
HH (or H)
DD (or A)
DH

SS (or P)
CN (or D)
EM (or E)
RN

12
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2. Microscopic examination

2.1 Direct examination techniques

The microscopes used should have magnifications of at least X400 or 500 and X1000
and preferably be equipped with a dark-field condenser and phase contrast objectives (X40 or
X50) for direct examination of fresh samples. Gloves should be worn to protect from the risk of
infection and to avoid getting grease on the slides.

2.1.1 Wet blood films

Place 2-3 microliters of blood on a microscope slide, then cover it with a cover-slip (22 x 22
mm) then apply light pressure with absorbent paper to spread the blood evenly and absorb
any excess. Examine the blood microscopically at X400 magnification, without a light
condenser, or better still, with dark-field phase contrast or interference contrast, or else by
lowering the light condenser to create artificially refraction of the plasma membranes.
Approximately 40 to 50 fields are examined. Trypanosomes can be recognised by their
movement among the red blood cells. Based on the size, shape (posterior extremity,
undulating membrane) and movements and displacement of the trypanosome, a specific
diagnostic hypothesis can be made. Final confirmation of the species is done by examining a

stained section or by PCR. The following criteria of morphology and motility can be used:

- Very large trypanosome (but variable in size from one specimen to another), posterior
extremity pointed and rigid, movements generally regular but sluggish, very low parasitaemia:

these findings are compatible with T. theileri.

- Large, long and slender trypanosome (sometimes wide in the stumpy form) with large
movement sl iagnhdt ac afipt ur ed0 phenomenon in the undul at
the movements along the body, conspicuous free flagellum, posterior extremity pointed but not

rigid: these findings suggest a Trypanozoon (T. brucei sspp, T. evansi, T. equiperdum).

- Medium-sized trypanosome with rapid movements and ability to cross the microscope field,
Al i ght captured phenomenon sometimes vVvisible bu

rounded posterior extremity: these findings suggest T. vivax.

- Small, vermiform trypanosome, with sluggish movements, absence of free flagellum: these

findings are characteristic of T. congolense.

13
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- Lastly, though a parasite of rats, this form may be encountered during cultivation in laboratory
animals: Medium-sized trypanosome with extremely rapid movements, with the capacity to
cross the microscope field very rapidly (stage 2) or move in regular circles within the

microscope field (stage 1): these findings suggest T. lewisi.

Species identification in a fresh sample is only possible if one has acquired extensive
experience and observed numerous trypanosome species in a wide range of conditions if it is

to be reliable; it therefore remains the prerogative of a few specialised technicians.

2.1.2 Thick blood films

These are made by placing a drop of blood (6-8 €l) on a microscope slide and spreading it
concentrically over an area approximately 2 cm in diameter using the corner of another slide.
The thickness of the film should be such that, when dry, one should be able to read printed
text through the slide. The film is dried thoroughly by rapidly waving the slide in the air and,
without fixation, is dehaemoglobinised by immersion in distilled water for a few seconds and
dried before staining. A dry smear should be kept dry and protected from dust, heat, flies and
other insects. It is stained with Giemsa solution (0.4% pure commercial solution diluted 1:20 in
phosphate buffered saline (PBS), pH 7.2); the slide is immersed for 30 min, rinsed once in
deionised water, then rinsed well in tap water. Staining time and stain dilution may vary
according to the stain and individual technique. Consequently, it is important to follow the
manufacturerés instructions and to va+#lR0)tet ai ni n
obtain the optimal result. The stained smear is then thoroughly dried before being examined
at X500 or X1000 total magnification. See also (in French): http://www.sleeping-

sickness.ird.fr/diagnostic42.htm

The method is simple and relatively inexpensive, but results are delayed because of the
staining process. Trypanosomes are easily recognised by their morphology, but may be
damaged during the staining process. This may make it difficult to identify the species. The

figures below present the characteristics of the main species of trypanosomes.

14
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T. theileri T. evansi T. brucei

R Sy

T. vivax

e
\\\J\r . \‘, r st

T. lewisi, adult, bloodstream form (left) and during multiplication in rat (right)

adapted from Hoare, 1972

2.1.3 Thin blood smear films

Clean microscope slides are crucial to the success of the following examinations. If greasy or
dusty slides are used, the results will be unusable. It is essential to thoroughly degrease the

slides before carrying out these examinations.

Thin blood smears are made by placing a small drop of blood (about 3-4 ¢l), for example from
a microhaematocrit capillary tube or the cap of an EDTA tube, on a perfectly clean and

degreased (with ethanol) microscope slide; if necessary, the drop of blood should be placed

15
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approximately 20 mm from one end of the slide (allowing for space to apply the thick smear).
The blood is spread with the perfectly clean and smooth edge of another slide (preferably with
bevelled edges). This slide is placed at an angle of approximately 30° to the first slide and
drawn back to make contact with the blood droplet. The blood is allowed to spread along the
whole of the edge of the spreader, which is then pushed to the other end of the slide with a
rapid and smooth movement; in this way the blood is spread by capillary traction. If the correct
amount of blood is used, the slide should be covered with an even film of blood in the shape
of a bullet (the quantity of blood in the middle of the slide being greater than that at the edges,
it governs the shape of the smear). Ideally, thin films should be prepared so that the RBCs are
fairly close to each other but not overlapping. The slide is dried quickly by waving in the air and
protected from dust, flies and other insects (a smear dotted with small circles of about 1 mm in
diameter is the sign of a blood me al by biting fliesé). Using
success of this examination (thoroughly degrease the slides with ethanol and dry them before

making the smeatr). Clean the spreader slide immediately after use, before it has time to dry,

|

otherwise the next smear will be streaky and unreadable.

frottis sanguin

30° | \

PAEERRI(E v -
1 petite goutte de sang (3 pl est suffisant)

e

a b
D
.40 s
c d
(@ Greasy slide, Aivacuolisationo of the smear; (b)

of the smear; (d) excess blood and inadequately spread; superimposed cells.

The smear is then fixed on the slide by immersion in methanol for 3 min and stained with the
solution of Giemsa at 0.4% (pure commercial solution) diluted 1:10 or 1:20 in a PBS buffer,

16
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pH 7.45, freshly made using a mixture of 17.5% of Solution A (KH2PO4 [Merck Art. 4873]

9.08 g/l, 1/15 molar) and 82.5% of solution B (Na;HPO,4 2 H,O [Merck Art. 6580] 11.87 g/l, 1/15
molar), for 30 min, rinsed once in deionised water, then rinsed thoroughly in tap water. An
RALS555 type rapid stain kit can also be used; the procedure consists of five successive 1-sec
immersions in solutions of fixative (methanol), eosin and blue, followed by rinsing in tap water.
In all cases, the stained smear is then dried thoroughly before being examined at X500 or
X1000 magnification. It is important to dry the slide thoroughly, otherwise the mixture of water
and immersion oil will render the slide unreadable due to the light interference created by the
water and the air trapped under the oil. A well-prepared slide will show a light rim around the
head of the smeatr; this zone is particularly rich in white cells (and possibly trypanosomes), due
to the strong capillary forces |inked to their

similar to that on which the haematocrit centrifugation method is based.

Ay ”)fﬁ‘(\
Staining kit Stained smear
L 4
-
»
‘ L4
.
® ‘ *
%
- 1
1051
"‘0 5N
Objective and immersion olil Trypanosomes on smear in immersion (x1000)

Approximately, 507 100 fields of the stained slide are examined at a magnification of X500 and
then X1000 with immersion oil before a sample can be considered negative. Even after a
trypanosome has been observed, about 20 more fields must be examined to determine if more
than one species is present. The sharp extremity of the smear must be extensively

17
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explored as it has the highest concentration of white cells, trypanosomes and any parasitized

RBCs (due to their increased size and therefore their adherence to the spreader slide).

The technique described above can also be used for biopsy samples of lymph obtained from
punctured lymph nodes. Usually, both a thin and a thick smear are made from the same
sample. Thick blood films contain more blood than thin blood smears and consequently have
a higher diagnostic sensitivity. Thin smears, on the other hand, allow Trypanosoma species
identification. Trypanosome species can be identified on smears by the following

morphological characteristics:

- Trypanosoma vivax: 20-27 em long, 2-4 pm wide; undulating membrane is visible but poorly
developed, free flagellum present at the anterior extremity, central nucleus, posterior extremity
rounded, kinetoplast large (1.1 um) and terminal.

- Trypanosoma brucei is a polymorphic trypanosome species. Two distinctly different forms
can be distinguished, i.e., a long slender form and a short stumpy form. Often, intermediate
forms possessing characteristics of both the slender and stumpy forms are observed. The
cytoplasm often contains basophilic granules in stained specimens. The kinetoplast is small
(0.5-0.7 pm).

- Trypanosoma brucei (long slender form): 17-30 em long and 2.8 em wide, undulating
membrane is well developed and presents 3 to 5 convolutions, free flagellum present at the
anterior extremity, central nucleus, posterior extremity pointed, kinetoplast small and

subterminal. T. evansi presents almost exclusively in the long form of T. brucei.

- Trypanosoma brucei (short stumpy form): 17-22 em long and 3.5 em wide, undulating
membrane is conspicuous, central nucleus, free flagellum absent, posterior extremity pointed,

kinetoplast small and subterminal.

- Trypanosoma congolense: 8-22 em (small species), undulating membrane not obvious,
central nucleus, free flagellum absent, posterior extremity rounded, kinetoplast is medium
sized and subterminal, often laterally positioned. Although T. congolense is considered to be
monomorphous, considerable morphological variation can be observed. The subgenus
Nannomonas comprises 2 taxa of the species T. simiae and T. congolense. Within

T. congolense, di fferent groups and subgroupsacamst)i st (s
that have a different pathogenicity. These types can only be distinguished using PCR. Seven
different morphotypes of T. congolense have been described (including those of T. simiae),
from the most slender to the most stumpy: hyperleptomorph (very long and slender, with a free
flagellum), leptomorph (long and slender, with a free flagellum), isomorph (slender, with or
without a free flagellum), pachymorph (short and stout, 0.25 < width / length < 0.34, without a
free flagellum), hyperpachymorph (very short and stout, 0.35 < width / length < 0.70,

18
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without a free flagellum) and sphaeromorph (globular, width / length > 0.8, with or without a

free flagellum).

-Trypanosoma theileri: variable size, typically 15 to 70 um and may reach 110 um, but on
average around 50 um, with a considerable width (3-5 um), kinetoplast is large (1.1 um in
diameter), rounded, located in a marginal position, distant from the posterior extremity (at a
distance of 12-40 um), close to the nucleus (KI = 2.4-5.8) which is centrally located. The
undulating membrane is well developed and the flagellum is partially free. The posterior
extremity is pointed and straight, or slightly curved, but never sinuous. It should be noted that
a light band crosses the nucleus in T. ingens, a neighbouring Megatrypanum, found in bovines
and antelopes. Trypanosoma theileri is normally nonpathogenic, but its presence may interfere
with parasitological diagnosis. In Western Europe, T. theileri is normally the only trypanosome
species observed in livestock, and is cosmopolitan.

-Trypanosoma lewisi and T. musculi: although these parasites, of rat and mouse, respectively,
are not specifically African (i.e. cosmopolitan) and do not occur in livestock, they may be
encountered in studies involving laboratory rodents and one must therefore be able to identify
them. They vary in length from 21 to 36 um, are usually around 30 um, are quite wide (1.571 2.2
um), with a large, oval-shaped kinetoplast (0.77 1 um in diameter) in a marginal position, distant
from the posterior extremity (at a distance of 5-8 um), and the nucleus is close to the anterior
extremity. Large epimastigote and even amastigote forms may be observed. In the classic
adult form, the cytoplasm is C-shaped with the undulating membrane on the outside, a long
and conspicuous free flagellum, a large, oval kinetoplast distant from the posterior extremity

and a dense nucleus in a very anterior position.

19



Compendium of Diagnostic Protocols of the OIE Reference Laboratory for Animal Trypanosomoses of African Origin

T. brucei (in a mouse) T. congolense (cattle)

T. evansi (mouse)

T. lewisi (rat) classical form

i od 230 0 Ot

3

Forest T. congolense (dog): isomorphs (bottom left) T. lewisi and T. evansi in a rat,

hyperpachymorphs (centre) and sphaeromorphs (easily distinguished by size of the (top
right). Kinetoplast)

(M. Desquesnes)
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