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Trypanosoma equiperdum, the causative agent of dourine, may aﬀect the central nervous system, leading to
neurological signs in infected horses. This location protects the parasite from most (if not all) existing chemotherapies. In this context, the OIE terrestrial code considers dourine as a non-treatable disease and imposes a
stamping-out policy for aﬀected animals before a country may achieve its dourine-free status. The use of
practices as drastic as euthanasia remains controversial, but the lack of a suitable tool for studying a treatment’s
eﬃcacy against dourine hampers the development of an alternative strategy for dourine infection management.
The present study reports on the development of an experimental infection model for assessing drug eﬃcacy
against the nervous form of dourine. The model combines the infection of horses by Trypanosoma equiperdum and
the search for trypanosomes in the cerebrospinal ﬂuid (CSF) through an ultrasound-guided cervical sampling
protocol.
After a development phase involving four horses, we established an infection model that consists of inoculating 5 × 104 T. equiperdum OVI parasites intravenously into adult Welsh mares (Equus caballus). To evaluate its eﬃcacy, eight horses were infected according to this model. In all these animals, parasites were observed
in the blood at 2 days post-inoculation (p.i.) and in CSF (12.5 ± 1.6 days p.i.) and seroconversion was detected
(8.25 ± 0.5 days p.i.). All eight animals also developed fever (rectal temperature > 39 °C), low hematocrit
(< 27%), and ventral edema (7.9 ± 2.0 days p.i.), together with other inconstant clinical signs such as edema of
the vulva (six out of eight horses) or cutaneous plaques (three out of eight horses).
This model provides a robust infection protocol that induces an acute trypanosome infection and that allows
parasites to be detected in the CSF of infected horses within a period of time compatible with animal experimentation constraints. We conclude that this model constitutes a suitable tool for analyzing the eﬃcacy of antiTrypanosoma drugs and vaccines.
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1. Introduction

and compacted fodder (Fourracub®) at a rate of 1.7 kg per day per
animal.

Caused by Trypanosoma equiperdum, dourine is a parasitic disease
aﬀecting horses and other members of the Equidae family. Unlike other
trypanosomoses, dourine is not transmitted by insect vectors but directly from animal to animal during sexual intercourse or, more rarely,
during parturition or through maternal milk (Brun et al., 1998). It is
believed that trypanosomes transferred during coitus can penetrate
mucous membranes and initiate infection in the recipient animal by
invading the tissues (especially the mucosa and skin), blood, and lymph
before ﬁnally invading the cerebrospinal ﬂuid (CSF) and the central
nervous system (CNS) (Brun et al., 1998; Mogk et al., 2014). The
clinical signs generally observed during the tissue and blood invasion
phase by T. equiperdum include fever, ventral and genital edema, anemia, weight loss, depigmentation of the genital area, and transient
cutaneous plaques. After that, the clinical signs induced by the parasites’ invasion of the CNS include facial and lip paralysis, incoordination, and paralysis of the hind limbs, eventually leading to the death of
infected animals (Claes et al., 2005).
Trypanosoma equiperdum, T. brucei (causative agent of nagana,
transmitted by the tsetse ﬂy), and T. evansi (causative agent of surra,
transmitted by biting ﬂies) together constitute the subgenus
Trypanozoon whose members are all infectious for horses.
Diﬀerentiating these three diseases and their causative organisms remains a signiﬁcant challenge for equine production; to date, there is no
consensus on clinical or serological criteria which would make it possible to diﬀerentiate dourine, nagana and surra neither are there genetic criteria to unequivocally distinguish the three species within the
Trypanozoon subgenus. The geographical distribution of the diseases
and their parasitism (it is reported that T. equiperdum parasitizes genital
mucosa, whereas others species do not) could constitute discriminant
points (Desquesnes et al., 2013), but the only accepted criterion of
diﬀerentiation remains the way the parasites are transmitted, although
even that criterion is currently challenged. The ability to diﬀerentiate
these diseases is all the more important because disease control recommendations consist of treating surra- or nagana-infected animals,
but slaughtering dourine-infected animals (OIE, 2013). The frequent
relapses observed after treatment with trypanocidal drugs could be
attributed to the location of the parasites in the CNS of infected animals, where they are protected from most (if not all) existing chemotherapies (Giordani et al., 2016; Jennings et al., 1979). Although
some drugs have been claimed to be eﬀective for dourine treatment
(Ciuca, 1933; Hagos et al., 2010; Vaysse and Zottner, 1950), their acceptance by authorities is hampered by the lack of suitable tools to
evaluate their eﬃcacy in all parts of the animal’s body, including the
CNS and especially the CSF. An ultrasound-guided cervical CSF sampling protocol suitable for horses displaying neurological signs and
causing no to little adverse reactions in standing sedated horses, has
been reported (Pease et al., 2012). This procedure may be used to extract a sample of CSF with minimal risk of blood contamination, and is
therefore appropriate for trypanosome detection in the CSF.
In this context, this study describes an experimental T. equiperdum
infection model in horses that includes the monitoring of the trypanosome presence in the CSF based on ultrasound-guided cervical sampling.

2.2. Preparation of infectious doses
The experimental infections were carried out with T. equiperdum
strain OVI, isolated in 1975 from a horse in South Africa (Barrowman,
1976a), propagated in male Wistar rats (body weight > 500 g; Janvier
Labs, Le Genest-Saint-Isle, France). Rats were ﬁrst injected with 0.8 ml
of a T. equiperdum OVI suspension at 1.5 × 107 parasites/ml, prepared
from a cryostabilate (ITMAS 241199C). On day 2 or 3 post-infection
(p.i.), when parasitemia reached about 108 parasites/ml of blood, the
rats were anesthetized with ketamine and xylaline (100 mg/kg and
10 mg/kg body weight, respectively) followed by an intraperitoneal
injection of 1 ml of sodium pentobarbital 54.7 mg/ml. The rats were
exsanguinated by cardiac puncture using a sterile heparinized syringe.
A cryoprotectant composed of a 1:1 (v/v) mixture of glycerol 87% and
phosphate-buﬀered saline with glucose (PSG; 7.5 g/l Na2HPO4·2H2O,
0.34 g/l NaH2PO4·H2O, 2.12 g/l NaCl, 10 g/l D-glucose, pH 8) was
prepared (Lanham and Godfrey, 1970) and cryogenic vials were ﬁlled
with 0.4 ml of a 3:1 (v/v) blood-cryoprotectant mixture (ﬁnal concentration of 10.9% glycerol), and slowly frozen during 24 h at −80 °C
using a Mr. Frosty™ Freezing Container (Nalgene, UK), before being
transferred to liquid N2.
2.3. Experimental infection of horses by T. equiperdum OVI
The stabilates from rat blood were thawed by swirling the cryogenic
vials in a 37 °C water bath until the contents had completely thawed. To
evaluate the viability of the parasites, 5 μl from each vial were observed
under a phase contrast microscope (10 × 40). Living and dead parasites
in ten microscopic ﬁelds were counted. The infection doses were prepared by diluting the cryostabilate suspension in PSG buﬀer. For intravenous infection, 1 ml containing 5 × 104 parasites was inoculated
into the jugular vein, while for low-, medium- or high dose intravaginal
infection, 5 ml containing respectively 1.0 × 103, 7.5 × 103 or
5.0 × 104 parasites were deposited at the vestibulum of the vagina.
2.4. Blood sampling and recorded parameters
Blood samples from the jugular vein were collected at day 0 and
every 3 to 4 days p.i. The blood was either collected in glass tubes
(Venosafe™, Terumo® Europe) and centrifuged at 1600 xg for 15 min for
serum collection or in EDTA tubes (Venosafe™, Terumo® Europe) to
monitor packed cell volume (PCV) and parasitemia by the matching
method (Herbert and Lumsden, 1976). Rectal temperature, weight and
clinical signs such as edema, depression, anorexia and potential nervous
clinical signs were recorded daily.
2.5. Complement ﬁxation test (CFT)

2. Materials and methods

To detect anti-T equiperdum antibodies, all sera were tested by the
CFT according to the method described by the World Organisation for
Animal Health (OIE) in the Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals, chapter 2.5.3 (OIE, 2013). A serum was considered
positive when it showed more than 50% complement ﬁxation at a dilution of 1/5 (OIE, 2013).

2.1. Horses

2.6. Ultrasound-guided cervical CSF sampling and parasite detection in CSF

Twelve Welsh pony mares (Equus caballus) of about 12 years old and
seronegative for T. equiperdum were purchased from the Unité
Expérimentale de Physiologie Animale de l'Orfrasière (INRA Tours) and
then raised together in the same barn with deep straw bedding at the
INRA animal facility (PFIE, Nouzilly). The horses were fed on hay at a
rate of about 5 kg per day per animal, supplemented with dehydrated

CSF samples were collected 2 to 7 days after detection of parasites in
the blood of infected animals and at least 3 days were left between two
diﬀerent sampling. CSF samples were collected from the subarachnoid
space between C1 and C2 cervical vertebrae of standing horses by ultrasound-guided cervical centesis according to the method described by
Pease et al., (2012) with some minor modiﬁcations. Horses were
28

Veterinary Parasitology 263 (2018) 27–33

L. Hébert et al.

parasites either in the blood or the CSF of the animals up to day 88 after
the initial infection. In order to increase the probability of triggering an
acute infection, we decided on day 88 p.i. to inoculate animals H3 and
H4 with 2 × 105 parasites intravenously where after both animals developed an acute infection with detectable parasites in the blood after 3
days, a positive CFT after 5 days and detection of parasites in their CSF
after 10 days.
Given the low infection rate obtained with intravaginal compared
with intravenous inoculation, the latter inoculation route was used in
the rest of this study.

sedated using an intravenous injection of romiﬁdine hydrochloride
(Sedivet®) 5 mg/100 kg body weight and butorphanol (Dolorex®)
1.5 mg/100 kg body weight. The site of puncture was locally anesthetized by subcutaneous administration of 1 ml of Lidocaine hydrochloride monohydrate (Lurocaïne®). The ultrasound guidance was
performed using a SONOSITE M-Turbo® ultrasound system, provided
with a convex transducer C60 SonoSite®. An average volume of 20 ml of
CSF was collected at each sampling session. CSF samples with any slight
blood contamination after collection were deemed to be potentially
contaminated by blood parasites and were thus discarded. For the
parasite detection step, 4 ml of each collected CSF sample was transferred into a transparent mini Anion Exchange Centrifugation Technique (mAECT) collector tube (IMT-INRB, Belgium, Democratic Republic of the Congo). Collector tubes were centrifuged (10 min,
1600 ×g) and the sediment was examined under a microscope
(10 × 40) to detect parasites (Büscher et al., 2009).

3.2. Evaluation of the robustness of the acute trypanosome infection model
To evaluate the robustness of our infection model, a dose of 5 × 104
parasites was injected intravenously into a further eight horses (H5 to
H12, Table 1). Of the 20 CSF samples taken, 2 were slightly contaminated by blood (horses H7 and H9 at day 14 p.i.) and were thus not
considered in this study. Following infection, all the horses presented i)
parasites in blood at 2 days p.i.; ii) parasites in CSF at 12.5 ± 1.6 days
p.i.; iii) hyperthermia (≥ 39 °C) at 3.9 ± 0.1 days p.i.; iv) antibodies
against T. equiperdum at 8.25 ± 0.5 days p.i.; v) a decrease in hematocrit (mean of 23.6 ± 1.0% at 16 days p.i.); and vi) ventral edema at
7.9 ± 2.0 days p.i. (Table 1 and Fig. 3A). In addition, other clinical
signs were observed but non systematically in all horses (Table 1),
especially i) edema of the vulva (Fig. 3B), ii) edema of the mammary
glands (Fig. 3D), iii) cutaneous plaques (Fig. 3, C1 and C2), iv) pectoral
subcutaneous edema and v) gingival petechiae (Fig. 3E). No weight loss
and no nervous clinical signs were observed over the period between
inoculation and detection of parasites in the CSF of infected animals.

3. Results
3.1. Selection of the most suitable means of inoculating T. equiperdum
The goal of these experiments was to select the most suitable protocol of infection to reproducibly obtain an infected animal with T.
equiperdum parasites in its CSF. For that purpose, one horse (animal H1)
was inoculated intravenously with 5 × 104 parasites and the other
three (H2 to H4) were inoculated intravaginally with 1 × 103,
7.5 × 103 or 5 × 104 parasites respectively (Fig. 1). In the intravenously inoculated horse, parasites were observed in blood and CSF
(Fig. 2) on 4 and 11 days p.i. respectively, and it became seropositive in
CFT at 7 days p.i. Among the intravaginally inoculated horses, only
animal H2, which received the highest infection dose, developed an
infection leading to the observation of parasites in its blood on day 9
p.i. and in its CSF on day 28 p.i., with a positive CFT on day 23 p.i. In
order to establish an acute infection in the intravaginally inoculated
horses that received lower infection doses (H3 and H4), another two
intravaginal administrations were realized: 2 × 105 and 1 × 105 parasites at 35 and 77 days p.i. respectively for animal H3 and 1 × 105
parasites 35 and 66 days p.i. respectively for animal H4 (Fig. 1). Following these re-inoculations, we did not detect a serologic response or

4. Discussion
The absence of CSF sampling protocol, allowing regular monitoring
of the presence of trypanosomes in the CSF with minimized blood
contamination, remains a barrier to assess the eﬃcacy of a treatment
against equine trypanosomosis (Hagos et al., 2010). To address this
problem, we aimed to establish an infection model with the following
key characteristics: i) reproducible induction of an acute trypanosome
infection that allows trypanosomes to reach the CSF, ii) disease course

Fig. 1. Experimental scheme of preliminary tests to select appropriate inoculation conditions to establish a T. equiperdum OVI infection in horses. Four horses (H1 to
H4) were inoculated either intravenously (red arrows) or intravaginally (black arrows); the parasite dosis is indicated above each arrow. Red and gray stars indicate
the ﬁrst detection of parasites in respectively the blood and the CSF; green stars indicate the ﬁrst positive result in CFT. The number of days between these diﬀerent
events is indicated above the horizontal arrows. (1) Corresponds to the results of the ﬁrst CSF sampling performed after observation of parasites in the blood of
infected horses. (2) An attempt of cervical centesis had been carried out on horse H2 on day 11 and day 14 p.i., but neither allowed any analyzable CSF to be collected
(For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article).
29
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Fig. 2. Transverse ultrasound image of the spinal cord using a convex transducer: A) previsualization of the needle pathway, B) ultrasound guidance. Arrows indicate
the spinal cord, the needle and the CSF proceeding from a ventrolateral to dorsomedial direction. (C) Visual aspect of collected CSF. (D) Microscopic observation of T.
equiperdum parasites in the CSF of H2 after centrifugation in a mAECT collector tube. Observation made on day 56 p.i. (magniﬁcation 10 × 40).
Table 1
Observations recorded in eight Welsh pony mares after post intravenous inoculation with 5 × 104 T. equiperdum OVI. Except for the detection of parasites in CSF,
these records correspond to the observations made over the 16 days p.i.
Event or clinical sign

First detection of parasites in blood (day p.i.)
First detection of parasites in CSF (day p.i.)
Rectal temp. ≥ 39 °C (day p.i.)
First positive reaction in CFT (day p.i.)
Hematocrit on day 0 p.i. (%)
Hematocrit on day 16 p.i. (%)
Ventral edema (day p.i.)
Edema of the vulva (day p.i.)
Edema of the mammary glands (day p.i.)
Cutaneous plaque / Wheals
(day p.i.)
Pectoral subcutaneous edema (day p.i.)
Gingival petechiae (day p.i.)
a
b

Frequency

Mean ± SE

Horses ID
H5

H6

H7

H8

H9

H10

H11

H12

100 %
100 %
100 %
100 %
n/aa
n/a
100 %
75 %
35.5 %
35.5 %

2±0
12.5 ± 1.6
3.9 ± 0.1
8.25 ± 0.5
39.7 ± 0.9
23.6 ± 1.0
7.9 ± 2.0
14.0 ± 0.6
11.7 ± 3.0
10.3 ± 3.0

2
10
4
9
38.9
20.1
13
-b
16
–

2
10
4
9
36.7
2.8
2
13
–
16

2
20
3
9
38.9
26.9
6
16
–
–

2
10
4
6
40.6
20.2
16
–
–
–

2
20
4
9
42.5
21.6
13
16
–
8

2
10
4
9
42.2
26.9
2
13
13
–

2
10
4
6
35.7
22
2
13
–
–

2
10
4
9
42.1
26.4
9
13
6
6

25 %
35.5 %

12.5 ± 3.5
2.0 ± 0.0

–
–

16
2

–
–

9
–

–
–

–
2

–
–

–
2

Not applicable.
A hyphen indicates that the clinical sign was not detected in the horse within 16 days p.i.

potential inﬂuences of the reproductive cycle of mares, e.g. mares in
estrus urinate frequently, or of mechanical movement provoking
leakage of the inoculate. Another possible explanation is that intravaginal inoculation may induce a subclinical or mild form of the
disease without the clinical signs of an acute infection (OIE, 2013).
However, this assumption is unlikely since the horses without detectable parasites also remained negative in the CFT conﬁrming that they
were not infected. Since our primary goal was to obtain horses with
detectable parasites in the CSF we retained intravenous inoculation for
further development of the infection model, even if this infection route
does not correspond to the natural transmission route of dourine.

within a period of time compatible with the technical constraints related to maintaining horses in an experimental unit iii) regular monitoring of parasites in the CSF of infected animals before and after
treatment.
To establish an infection model that mimics the natural transmission
route close as possible, intravaginal inoculation was investigated but
did not consistently induced an acute infection, which may correspond
with the fact that in natural conditions, dourine is not transmitted on
each and every copulation with an infected animal (OIE, 2013). The
low success rate of intravaginal infection might also be the result of
poor standardization of parasite doses actually delivered, due to
30
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Fig. 3. Clinical signs observed after infection of horses by T. equiperdum OVI. (A) Ventral edema (horse H6, 15 days p.i.), (B) Edema of the vulva (horse H9, 20 days
p.i.), (C1 and C2) Cutaneous plaques (horse H9, 8 days p.i.), (D). Edema of the mammary glands (horse H1, 16 days p.i.), (E) Gingival petechiae indicated by arrows
(horse H2, 14 days p.i.).

experimental infection model.
It is generally recognized that the incubation period between exposure and the appearance of clinical signs of dourine may vary from 1
or 2 weeks to several years (Gizaw et al., 2017) depending on the infecting T. equiperdum strain or on diﬀerences in the host’s immune response (Claes et al., 2005). We assume that the homogeneity and rapidity of disease development in the current study, together with the
absence of any subacute or chronic form of the disease, can be related to
the T. equiperdum OVI strain’s adaptation to rodents (Barrowman,
1976b). Indeed, as hypothesized by Brun et al., adaptation of a T.
equiperdum strain to laboratory rodents may select for the most virulent
trypanosomes within a population thus increasing the virulence of a
strain and leading to acute infection in hosts subsequently infected with

All horses that received an intravenous inoculum developed an
acute infection characterized by the appearance of three clinical signs
associated with dourine, hyperthermia, anemia and ventral edema, and
the appearance of an anti-trypanosome humoral response within two
weeks p.i. and detectable in CFT. Among the clinical signs that were
variable between individual horses, we observed genital edema in 6 out
of 8 horses, indicating the parasites’ preferred tropism for the genital
area, and the appearance of cutaneous plaques in 3 out of 8 horses, that
are still considered pathognomonic of dourine (Claes et al., 2005; OIE,
2013). Interestingly, other "classical" clinical signs of dourine, such as
weight loss, lethargy, incoordination, paralysis of the hind limbs and
facial paralysis, were not observed during these experimental infections, most probably due to the limited maximum duration of our
31
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personal relationships that could inappropriately inﬂuence this work.

this T. equiperdum strain (Brun et al., 1998). In addition, the intravenous infection route that allows bypassing the local immune
system of the genital mucosa could also participate to the rapidity of the
development of the disease. During this study, we showed that T.
equiperdum OVI parasites were capable of invading the CSF of infected
horses within 10 days p.i. This rapid and consistent invasion of the CNS
constitutes an important advantage of our infection model to assess
treatment eﬃcacy within a reasonable period of time after parasite
inoculation. However, caution should be taken not to extrapolate from
our observations the time needed for T. equiperdum to reach the CNS
during natural infections, since this may vary with host and parasite
strain characteristics. In this context, the isolation, of new T. equiperdum
strains by direct adaptation to in vitro culture (Suganuma et al., 2016,
2017) constitute now a promising tool to study the impact of rodents
adaptation on T. equiperdum behavior.
A major advantage of our infection model is the information it
provides on CSF parameters through the use of an ultrasound-guided
cervical centesis procedure (Pease et al., 2012). Alternatively, it should
also be possible to proceed to CSF centesis by ultrasound-guided
atlanto-occipital puncture as previously reported (Depecker et al.,
2014). However, as indicated by the authors, this procedure still needs
to be validated on a larger number of ataxic horses before it may be
considered as a reliable alternative for potentially ataxic horses. In any
case, the possibility to collect CSF on a regular basis with minimal
adverse eﬀects allows to investigate the pharmacokinetics of a drug in
the CNS compartment.
The here described experimental infection model is appropriate for
therapeutic trials with new drugs, treatment protocols or drug delivery
systems, such as nanocarriers (Baldissera et al., 2017; Silva et al., 2017;
Thuita et al., 2015). Alternatively, this infection model may be useful to
evaluate the eﬃciency of a vaccine, in the same way as the evaluation
of vaccine eﬃcacy against canine leishmaniasis (Martin et al., 2014).
Moreover, this model may be applied to infections with other taxa of
the Trypanozoon group that cause CNS infection in horses (Desquesnes
et al., 2013). In addition, it should be kept in mind that trypanosomes
may invade other organs like the testes where they are protected from
trypanocides activity (Claes et al., 2009), a consideration to take into
account during the diﬀerent steps required for drug eﬃcacy assessment.
Despite a route of inoculation that diverges from the commonly
described transmission route of dourine, we believe that this model
provides a consistent way of reproducing the clinical signs, serological
response and parasite distribution observed in horses naturally aﬀected
with T. equiperdum. With this model, it is possible to assess the eﬃcacy
of a trypanocide to cure the neurological stage of dourine, which should
allow previous reports on dourine treatment to be complemented
(Hagos et al., 2010) and international organizations to adapt their
regulations whenever an eﬀective treatment against dourine is discovered. In this context, the eight horses that allowed evaluating the
robustness of the acute trypanosome infection model have thereafter
been included in a study aiming to evaluate the eﬃcacy of a trypanocidal treatment.
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DGRI agreement APAFIS# 4632-201632114333964. Animal studies
were compliant with all the applicable provisions established by
European directive 2010/63/UE. All the methods were performed by
approved staﬀ members in accordance with the relevant standard operating procedures approved by the abovementioned ethics committees. All the animals used in this study were handled in strict accordance with good clinical practices and all eﬀorts were made to
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