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1. Overview of our reference activiti€s
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Reference activities of the parasitology team

National Reference Laboratory \ b Q.,g
<

= Dourine (2006) - )iz & -
European Union Reference Laboratory for
EQUINE DISEASES (other than African Horse Sickness) Equine
. . > Trypanosomoses
= Dourine (2008) = Equine Surra (2021)
Reference laboratory of the J\
World Organisation for Animal Health (WOAH) f v
= Dourine (2020) /
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anees Main reference and research missions

W Expertise, epidemiological surveillance, alert and support to ministries.

W Develop and validate diagnostic methods

W Coordinating laboratory networks: Interlaboratory testing, training, supply of reagents
W Confirmation diagnosis

W Setting up epidemiological studies

w Research: identification, physiology, pathogenicity...
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Overview of main dourine diagnostic tool

h Direct observation of parasites

= GIEMSA, Buffy Coat, mAECT 9 2 \,

Q Molecular detection of parasites

=  PCR, genome sequencing

’ )‘vﬁ‘ﬁ’“v S8e ®)
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h Serological detection of infection
= CFT, IFAT, ELISA

We still need sensitive and specific methods to improve the

diagnosis of equine trypanosomosis
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Diagnostic tools available in our unit

% Complement fixation test

ESSAIS

W CATT/T.evansi

4 ‘ 2 g ‘,.‘7,.0.. A @
> oy g ) (5 x| (e
3 2% A oy
1 2

W ELISA dourine

W ELISA Surra

% PCRTBR

% PCR 7SL-sRNA

W Luminex GM6
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Controls and reagents production

% Responsibilities and tasks of EU RL according to the Art 94 (EC) 2017/625 of the
Official Journal of the European Union:

“Eu-RL shall, provide reference materials to national reference laboratories”

% We produce of biological material based on:

- Strain: T. equiperdum OVI (defined as reference strain by WOAH)

- According to the WOAH recommendations (Terrestrial Manual chap. 3.6.3 for dourine)

) Reagent list: Ref Name Free unit / year / NRL
S00654 High-titer positive serum (strain OVI) 3
S00655 Low-titer positive serum (strain OVI) 5
S00656 Dourine Antigens (strain OVI) 1
S00653 Negative serum for 8 equine diseases 1

Dourine and Surra Workshop 2022
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Production of positive sera

Preparation of
doses for
immunization

Serum
production

Parasites propagated on rats
Purified with DEAE cellulose

Proteins collection

Proteins Dosage

Doses for immunization
(1 mg/ml)

Horse immunization

= Serum sampling
= Lyophilization

Serum

validation

Homogeneity
Short-term stability
Long-term stability

sssssssssssss

anses &, }

Certificate of quality

cupationd tealts & safuty

Dozulé Labd y for Equine Oy

European Union Reference
Lavorastory for Equine Discases

Cooe : S654 7 B
Dourine high titer positive serum
Sérum positif haut titre pour la dourine
Origin: Origine :

Serum from horse Immunized with a preparation based on
Trypanosoma equiperdum OV strain anbigens

The semm contains an antibfolic as presonalve. i s
impovtant to nofe that no les!t can complelely exclixde the
presence of infechious agents. Any product of equine serm
must be consid as being pof fy infections and must
be handed with all the required cawtions for this kind of
maferial.

Content:

Vial of 1.0 ml freeze dried equine serum

Reconstitution:

Refer to the vial label to know the volume of slenie distilled
water to add to restore the serum

conditions:

Lyophilzad, Vial must be stored st 2-8°C  until

Sérum de cheval smmunisé par une préparation vaccinale
contenant des antigénes de & souche Trypanosoma
equiperdumn OVI

Ce sérumn condernd wn antibiolique comme agenf de
canservalion. I es! important de nofer guaucung méthode
acfuelie ne permel dexclure lolalement fe risgue dagent
pathogdne, ces produits doiven! donc élre maniplés avec
towles los précautions requises powr MuiNsafion de produits
potentiehemeant infectés.

Présentation :

Flacon contenant 1,0 mi de sérum sous forme lyophiisée.

P

Se reférer & rétiquetage cu flacen pour connailre le volume
daau distillée stédle 3 sjouter afin de reconstituer e sérum

Conditions de conservation :

Lyophiiisé ; Le flacon doit 8tre conservé a +2-8°C avant

Depending on the adjuvant => High or low titer

Large stocks available
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Production of antigens

= Parasites propagated on rats

(Anses, Lyon)
Production of
parasites . pyified with DEAE cellulose
= Tryps lysed by osmotic-shock
Antigens ) \vaaSh?q -
B ction yophilization

= Homogeneity
= Short-term stability
= Long-term stability

Antigens
validation

)
L Y 4

anses

Certificate of quality

EURL

¢
European Union Reference Laboratory for () IP OIE Reference Laboratory for
EQUINE DISEASES A -/ DOURINE

Dourine antigens (OVI strain)

Reference: S00656

Description:

Antigens from Trypanosoma equiperdum OVI strain produced from rats, for the serodiagnostic of the dourine by the Complement
Fixation Test (CFT) according to the OIE Terrestrial Manual, chapter 3.5.3 (2013).

The antigens do not contain antibiotic. It is important to note that no test can completely exclude the presence of infectious agents.
These antigens must be considered as being potentially infectious and must be handled with all the required cautions for this kind of

material.

Content:

Vial of 1.0 ml freeze dried of antigens.

Regular production of new batches

Dourine and Surra Workshop 2022
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2. Equine trypanosomosis'and phylogeny
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Historical phylogeny of Equine trypanosomosis agents
Family Genus Section Subgenus Species
Typanosomatidae | Tnypanosoma
Stercorana
Megatrypanum
T . theileri
T. melophagium
Herpetosamn a
T. lewisi
T. musculi
T. microti
Schizotrypanum
T.cruz ==
T. dionisii
| Salivaria
| Tejeraia  T.rangeli
Crithidia | Duttonella
Leptomonas T. uniforme
Herpetomonas T. vivax &
Blastocrithida MNannom onas
Phytomonas T. congolense e
Leishm ania T. simiae 4=
Endotrypanum Pycnomonas
| T. suis
Trypanozoon
T. evansi (el
T. equiperdum
T. brucei &ed
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Trypanozoon associated diseases

T. b. brucei Nagana Vectorial |
- Tse
O
O
('N_) Orally
- T. b. evansi Surra Mecanical S 5
S - : exuvally:
Q. Stomoxys Tabanus Vampire bats
>
=

T. b. equiperdum Dourine Sexual Orally via milk?

Mating, Artificial insemination

While considered distinct, these diseases share many characteristics...

. . . . Mammalian host
Sub species Disease Transmission
range
: o V-

Multi-species
(including equids)

Multi-species
(including equids)

Equids

Dourine and Surra Workshop 2022
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The clinical course in horses

“ Bloodstream [ tissular stage

- Fever
- Ventral and genital edema
- Anemia and weight loss

Clinical signs vary with:
- disease stage,
- susceptibility of the host

Q Neurological stage T e But are shared among all
. L o | Trypanozoon infections
- Paralysis (facial, lips, hind limbs) § e | ¢ ' (dourine, surra, and nagana)

- Incoordination

Treatment success dependent on disease stage

No available vaccines against equine trypanosomosis

Dourine and Surra Workshop 2022 14
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Trypanosoma brucei life cycle

Metacyclic trypomastigote

Sallvary gland

/ wngsender 1. @vansi and T. equiperdum are

ache form . .
cpimastigote g monomorphics strains locked under
O § slender form

et S ot

Short eplmastlgote

CNS

W Loss of transmission by the tsetse fly

Long epimastigote
W Acquisition of the mechanical transmission

m Short stumpy form

Scycncnypomasngote Increased capacity of dissemination

(Langousis et al., 2014)

Dourine and Surra Workshop 2022 15
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Phylogenetic relationships between Trypanozoon

T. b. equiperdum
Type A

% 4 clades have emerged independently

% Common point: these clades are monomorphic

% Raising the question of the link between
phylogeny and pathology?

T. b. evansi
Type B

Dourine and Surra Workshop 2022 16
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Isolation of a new strain (Suganuma et al., 2016)

- Horse with genital edema and anemia
- Positive in serology and PCR > Dourine

- Observation of trypanosomes (blood and CSF) )

Urethral wash with culture medium

=> Adaptation of the parasite to in vitro culture

Genome sequencing (Davaasuren et al., 2019)

Dourine and Surra Workshop 2022 17
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T. b. equiperdum

Phylogenetic relationships between Trypanozoon

-]
<
O
()]
é;‘?
“ \‘:%_N.«ex
&

% Close to T. b. evansi type B despite dourine clinical signs!

% Emergence of a 5t clade?
EATRO2340

547;?03

STIB805

T. b. equiperdum

TypeC?

T. b. evansi
Type B

A
e
SN

%
=
®
o
o
o

?
T. b. evansi

Type A

Dourine and Surra Workshop 2022
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IVM-t1 clusters with T. b. evansi type B
0.32 1 @
(Dodola.943]
W [IVM-t1 either:
- Belongs to the T. b. evansi type B clade
" Clade - Represents a 5th monomorphic lineage emergence
L] ; .: g;ﬁ;;rdum type BoTat
0284 Toamimes  w dNJdS = ratio of non-synonymous to synonymous substitutions

@® T b.evansitype B
T. b. gambiense 2

=> measures the evolutionary pressures on coding genes

® T. b. rhodesiense
_ itV = i ' i
025 @EUW [EATH%J—EATOS] W Heterozygosity = is expected to decrease with Asexuality
M (sTiB805 ] (ABBA) |SN1B247 .
 (vmt) TRoratr2) TSTBGE)  [Muto) W Support the hypothesis that IVMT-1 represent a 5t emergence
0.5 0.7 0.9 1.1 1.3

Genome heterozygosity (%)

MICROBIAL GENOMICS SHORT COMMUNICATION p gﬂgETQB'OLOGY
Oldrieve et al., Microbial Genomics 2021;7:000632
—— A8 eess Complicate the links between
Monomorphic Trypanozoon: towards reconciling phylogeny phylogeny and pathologies

and pathologies
Guy Oldrieve’, Mylene Verney?, Kamil S. Jaron?, Laurent Hébert? and Keith R. Matthews'*

Dourine and Surra Workshop 2022 19
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Conclusion

W Clinical symptoms are not sufficient to classify a strain
=> Phylogenomic analysis is necessary to assign a strain to a specific clade of the Trypanozoon

W "T. b. evansi" and "T. b. equiperdum" do not correspond to the scientific nomenclature of “species” nor “subspecies”
=> Review the nomenclature of clades

Is dourine a syndrome?

The incongruity between the parasites’ evolutionary position and the induced pathology, mode of

transmission and tissue tropism highlights the potential for the host physiology and immune response
to contribute to clinical disease manifestation, rather than being solely parasite driven.

Equine trypanosomosis: enigmas > To ac?ldress the Iimitatiqns of the current diagnos‘.cics for
and diagnostic challenges equine trypanosomosis we re§ommend not to aim for

Philope Buscher™®, Mary lsabel Gongatt, Laurent Heébert Nobor Inoue.lara Pascucc’, the distinction between taxa within the subgenus Trypanozoon.
Achim Schnaufer®, Keisuke Suganuma®, Louis Touratier” and Nick Van Reet!

Dourine and Surra Workshop 2022 20



3. Differentiation and Quorum Sensing
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Trypanosoma brucei life cycle

Metacyclic trypomastigote

Salivary gland | \

/ wgsender 1. b, @vansi and T. b. equiperdum are

ache form . .
chimasigote | monomorphics strains locked under
O § slender form

o

Short eplmastlgote

Long epimastigote | QS

M Short stumpy form

( Loss of Quorum Sensing capacity
Procycllc trypomastigote

) O

CNS

(Langousis et al., 2014)

Dourine and Surra Workshop 2022
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Molecular mechanisms behind Quorum Sensing

: oo
Signal . e o
Y , . . Oll_gopeptlde Signaling through TbG_uPR89
- Oligopeptides o Slgnal rece PtIOn Drives Trypanosome Quorum Sensing
e oo - GPR8I leom D kit o Pt Wi A HenDonon. Tor K. S Joue Thompson,
i i ‘ i i an el . Matthews '~

- ZC3H20, MEKK, NEK, RBP7, YAK, ..

(arrest of cellular cycle, PAD1 exoression, ...)

Peptidase secretion
- PGP et POP Rojas et al., 2019

Dourine and Surra Workshop 2022 23
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Loss of differentiation capacity

T. brucei T. equiperdum type OVI T. evansi type Rotat 1.2

sienal o Signal N“ w
- Oligopeptidas o . . .
I%;Zopepﬁdes % g0e Réception du signal OliEePePide: gom oo w9 g Réception du signal
“e oo . - GPR8Y oo e a’ @ - OFRES
'y . .
(' Transducton g LA
- ZC3H20, MEKK, NEK, RBP7, YAK, .. o
PPNE Y
evalRocciber’ ey G k)
&
k V—p Différenciation k (arrét dv eyele cellla o de PADT
(arrét du cycle cellulaire, expression de PAD1, ..) L arretdu cycle ceflulaire, expression ce
Q ¢ e o secrent [y — ! T
¢ @ L n @ Sécrétion des peptidases
@ Sécrétion des peptidases -PGP et POP
-PGPet POP
Complete cycle Lack of signal transduction ? Lack of signal production?

Are these divergences at the origine of the different pathobiology of dourine and surra ?

Use these differences as a clade markers?

Dourine and Surra Workshop 2022 24
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WOAH standards

Dourine Surra Nagana

CHAPTER 3.4.14.

Terr CHAPTER 3.6.3. Updated CHAPTER 3.1.21. NAGANA: INFECTIONS WITH SALIVARIAN

DOURINE IN HORSES SURRA IN ALL SPECIES TRYPANOSOMOSES (EXCLUDING
Manual (TRYPANOSOMA EQUIPERDUM INFECTION) (TRYPANOSOMA EVANS/INFECTION) TRYPANOSOMA EVANS!/ AND T. EQUIPERDUM)
Updated
Disease DOURINE *‘p
(INFECTION WITH TRYPANOSOMA EQUIPERDUM) TRYPANOSOMA EVANS! INFECTIONS (INCLUDING SURRA) TRYPANOSOMOSIS (TSETSE-TRANSMITTED)
Ca rd Aetiology Epidemiology Diagnesis Prevention and Control References Aetiology Epidemiclogy Diagnosis Prevention and Control References

Case 01 WORLD ORGANISATION FOR ANIMAL HEALTH Oi WORLD ORGANISATION FOR ANIMA! !!A!TH
AL W) AL WY

Protecting animals, preserving our juture Protecting animals, preserving our puture

* *
o .
definit _—
CASE DEFINITION FOR INFECTION WITH TRYPANOSOMA EQUIPERDUM (DOURINE) CASE DEFINITION FOR INFECTION WITH TRYPANOSOMA EVANSI (SURRA)
Terr. CHAPTER 12.3. CHAPTER 8.18.
d INFECTION WITH TRYPANOSOMA BRUCEI,
CO e DOURINE T. CONGOLENSE, T. SIMIAEAND T. VIVAX

Dourine and Surra Workshop 2022 26
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WOAH standards

Terr.
Manvual

Disease
card

Case
definit®

Terr.
Code

Dourine

CHAPTER 3.6.3.

DOURINE IN HORSES
(TRYPANOSOMA EQUIPERDUM INFECTION)

DOURINE Ypdated

(INFECTION WITH TRYPANOSOMA EQUIPERDUM)

Aetiology Epidemiology Diagnesis Prevention and Control References

"p WORLD ORGANISATION FOR ANIMAL HEALTH
] ) Protecting animals, preserving our future
/_\

CASE DEFINITION FOR INFECTION WITH TRYPANOSOMA EQUIPERDUM (DOURINE)

CHAPTER 12.3.

DOURINE

G. Schares 14:00: In-vitro production of Trypanosoma equiperdum antigen
for CFT - time consuming, expensive, but possible

“One hypothesis asserts that the disease condition “dourine”is actually a
host-specific immune response to either
T. equiperdum, T. brucei or T. evansi infection”

No need to characterize the trypanosome strain to
declare a dourine or a surra case

Dourine and Surra Workshop 2022
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Previous WOAH criteria for dourine diagnosis

1 B A positive result with: CFT or PCR or IFAT

AND
® |) Clinical signs compatible with dourine
OR
2 ® i) An increase in serological CFT titer between two consecutive tests
OR

® iii) Epidemiological links with a confirmed case of dourine

No need to characterize the trypanosome strain to declare a dourine

Dourine and Surra Workshop 2022 28
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WOAH definition of a surra cases

% Observation of trypanosomes with Trypanozoon morphology AND EITHER

a. Detection of genetic material specific to T. evansi
OR
b. The animal is epidemiologically linked to a confirmed case of surra
OR
c. Epidemiological context supports infection (clinical signs, endemicity...)

W Detection of genetic material specific to Trypanozoon AND EITHER

a. The animal is epidemiologically linked to a confirmed case of surra
OR
b. Epidemiological context supports infection (clinical signs, endemicity...)

% Detection of antibodies specific to Trypanosoma spp. AND EITHER

a. The animal is epidemiologically linked to a confirmed case of surra
OR
b. Epidemiological context supports infection (clinical signs, endemicity...)

Dourine and Surra Workshop 2022
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anses Only in equids A @
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WOAH definition of a dourine cases

% Observation of trypanosomes with Trypanozoon morphology AND EITHER

a. The animal is epidemiologically linked to a confirmed case of dourine
OR
b. Epidemiological context supports infection (clinical signs, endemicity...)

W Detection of genetic material specific to Trypanozoon AND EITHER

o a. The animal is epidemiologically linked to a confirmed case of dourine
R
b. Epidemiological context supports infection (clinical signs, endemicity...)

W Detection of antibodies specific to Trypanosoma spp. AND EITHER

o a. The animal is epidemiologically linked to a confirmed case of dourine
R
b. Epidemiological context supports infection (clinical signs, endemicity...)

Dourine and Surra Workshop 2022
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In case of suspicion (dourine or surra)

W [solate the animals (also from insect vectors if possible) Notify to the competent authorities

W Collect samples and send them to a diagnhostic laboratory
- Whole blood (blood smears), serum, edema (aspirated the fluid)

W Proceed to an epidemiological study (potential contact with infected animals)

W Control the evolution of antibody titer
- Plan a second serum sampling 15 to 20 days after the first
- Plan a third serum sampling 15 to 20 days after the second

W Control the clinical evolution of the animal

Possibility to contact EU RL for assistance and technical advices

Dourine and Surra Workshop 2022
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Few countries report Dourine cases

2018 2019 2020 2021
% Kyrgyzstan 855 1305
% Russia 155 185 87 50
% Namibia 20 2
% Botswana 1
%  South Africa 1
Total 1305 1492 87 50

A probably underestimated situation

Dourine and Surra Workshop 2022 33
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Few countries report Equine Surra cases

2018 2019 2020 2021
% Venezuela 106 77
% Pakistan 26 4
% Malaysia 4
% Uruguay 1
Total 106 77 30 15

A probably underestimated situation

Dourine and Surra Workshop 2022 34
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Surra reported cases

2018 2019 2020 2021
Ethiopia 20 218
Nepal 5 4 7
Somalia 74 455 296 148
Tunisia 343 M
Venezuela 106 79
Saudi Arabia 4 441 111 232
Ivory Coast 1 68
Iran 8 15
Malaysia 4
Pakistan 304 5
Uruguay 11
Total 548 5309 798 411

A probably underestimated situation

Dourine and Surra Workshop 2022 35
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Surra: WOAH reporting versus literature
Based on: ' — ML = s i o o 60°0E 100°0E

700N
700N

-WOAH reports since 2009
- Publication from 1906 to 2017

20°0N
200N

10°0's
10°0'S

A n T \ ] f . )} 3 J 7 N
% s
/‘\4\

- '

F J f

g /’> - = . A ';
2 L - . : oW S

‘_‘E'—é B 0 3.500 7,000 14,000
e ,‘9‘/—;:' | | | 1 | 1 1 | |

5 | | | | | . Kilometers | B
3 140°0°'W 100°0'W 60°0'W 20°0'W 20°0'E 60°0'E 100°0°E 140°0'E 8

No publication, no WOAH reporting
Published evidence and WOAH reporting
Published evidence and no WOAH reporting
No Published evidence and WOAH reporting

JHEL
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Equine trypanosomosis in Mongolia

% 3,641 sera randomly sampled

pnet

e, S

Dornod

W Tested by ELISA (rTeGM6-4r)

Uvurkhangai “‘ ) Sukhbaatar
W 173 positive sera Govi Altai

-'..

Umnugovi

% 2 regions with prevalence > 10%

Mizushima ef al., 2019

Equine trypanosomosis constitutes a real sanitary problem in Mongolia

Dourine and Surra Workshop 2022 (Mizushima et al., 2019)
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Schematic distribution of equine trypanosomosis

-

Nagana

Surra

@ Dourine

Stamping out policies allows
some countries to be free

from these diseases
(except for sporadic cases)

Emphasizes the need for
control during international
movement of equidae

Dourine and Surra Workshop 2022
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Diagnostic challenge of dourine, surra and nagana

% The relationships between Trypanozoon clades and pathologies remain unclear
W A parasitemia often low: limits the use of parasitological and molecular tests
W Serological tests (CFT, IFAT, CATT, ELISA) cross reactions with all Trypanozoon

% Is the distinction between taxa within the subgenus Trypanozoon advisable?

Perspectives
% Equine trypanosomosis remain a threat for equids 2y 4 ” ‘ %
% Continue collecting samples in endemic zones .
.
% Continue to develop diagnostic tools: REASSURED criteria L

Dourine and Surra Workshop 2022
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REASSURED diagnostics (Land et al., 2018)

Criteria
R Real-time connectivity
E Ease of specimen collection
A Affordable
S Sensitive
S Specific
U

User-friendly
R Rapid and robust

Equipment free or simple

Environmentally friendly
D Deliverable to end-users

Description

Tests are connected and/or a reader or mobile phone is used to power the reaction
and/or read test results to provide required data to decision-makers

Tests should be designed for use with non-invasive specimens

Tests are affordable to end-users and the health system

Avoid false negatives

Avoid false positives

Procedure of testing is simple — can be performed in a few steps, requiring minimum
training

Results within 15 min to 2 hours (without requiring additional transport and storage
conditions such as refrigeration)

|deally the test does not require any special equipment or can be operated in very
simple devices that use solar or battery power

Completed tests are easy to dispose and manufactured from recyclable materials

Accessible to those who need the tests the most
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Antigenic variation: Variable Surface Glycoproteins (VSG) coat

Antigen type A Antigen type B
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WOAH standards Purpose
Method Population Individual animal Contribute Confirmation Prevalence Immune status in
freedom freedom from to f clinical finfection - individual animals
from infection priorto | eradication O:a:&: Osu:vzlllai?:e or populations
infection movement policies post-vaccination
L3
Do ) rin e Detection of the agent™™
Thin GSBS (or
Purpose lymph or oedema - + + +H+ tr -
fluid)
Method Population | Individual animal | -~ o yipte to | Confirmation | Prevalence Immune status in DNA
freedom freedom from .4 - ) . individual animals or
from infection prior to eragllii?;;on ofccallsr:;al c;fl.xlrr:.rf:i‘lzltalz?;; populations post- detection/PCR M M M M B
infection movement P vaccination
Wetblood film - - - ++ - -
Detection of the agent!
TGSBF - - . -+ -+ _
Mlcrosco_plc _ " - i _ _
observation HCT (Woao) +++ +++ +++ +4+ +++ -
PCR/
—- — BCT (Murray) + + ++ ++ ++ -
real-time PCR * * B * Y
. . AECT - + ++ ++ - -
Detection of immune response
Detection of immune response
CFT ++ +++ +++ +++ +++ -
CATT/ T. evansi ++ ++ +++ +++ ++ -
IFAT ++ + ++ + ++ -
IFAT T. evansi =+ 4+ +++ +++ ++ -
ELISA +++ + +++ + +++ -
ELISA T. evans/ +++ +++ +++ +++ +++ -
ICT + + + + + -
TLRoTatl.2 test - - ++ - + -

Key: +++ = recommended for this purpose; ++ recommended but has limitations;
+ = suitable invery limited circumstances; - = not appropriate for this purpose.

GSBS = Giemsa-stained blood smear; PCR = polymerase chain reaction TGSBF = thick Giemsa-stained blood film;
HCT = haematocrit centrifuge technigue; BCT =buffy coat technigue; AECT = anion exchange chromatography technique;
CATT = card agglutination test; IFAT = indirect-fluorescent antibody test;

ELISA = enzyme-linked immunosorbent assay; TL = trypanolysis test.
= A combination of agent identification methods applied on the same clinical specimen is recommended (See Section B.3.9).
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Trypanosome Lytic Factor (TLF) of human serum
W APOL1 (Apolipoprotein L-1) lyse les trypanosomes W Les VE permettent le transfert de SRA

Normal human serum
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