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Abstract 40 

 Dourine is a lethal protozoan disease of equids, and it is caused by Trypanosoma 41 

equiperdum infection via coitus. To date, treatment strategies against the dourine are not 42 

recommended due to the frequent relapses; therefore, the World Organization for Animal 43 

Health recommends the stamping-out policy for the control of dourine. Our previous studies 44 

have revealed a number of horses with dourine in Mongolia that is the fifth largest horse-45 

breeding country. It is difficult to apply the stamping-out policy for cases of dourine in 46 

Mongolia because of an inadequate livestock guarantee system. Therefore, the development 47 

of effective treatment measures is an urgent need. In this study, an 8-year-old stallion was 48 

definitely diagnosed with dourine based on clinical signs, molecular analysis, and 49 

microscopic examination of trypanosomes. Combination therapy with diminazene aceturate 50 

and quinapyramine sulfate was applied. Before the treatment, the characteristic clinical signs 51 

of dourine were observed, and trypanosomes were detected in the urogenital tract mucosal 52 

swab samples by microscopic examination and PCR. Moreover, positive serological results 53 

were obtained. After the treatment, we observed an improvement in the health of the treated 54 

horse and no trypanosome infection in its urogenital tract by microscopic examination and 55 

PCR. Moreover, serological tests showed seronegative results. The horse has showed no 56 

relapse for at least 2.5 years after the treatment, and its reproductive ability has improved. 57 

Our result suggests that trypanosomes did not invade cerebrospinal fluid when we started the 58 

therapy. In conclusion, the combination therapy has therapeutic potential against dourine at 59 

an early phase. 60 

 61 

Keywords: combination therapy, diminazene aceturate, dourine, Trypanosoma equiperdum, 62 

quinapyramine sulfate  63 



1 Introduction  64 

Dourine, which is caused by T. equiperdum infection during coitus, is a chronic 65 

and/or acute contagious disease of equids. T. equiperdum primarily parasitizes the genitalia 66 

and then parasitizes tissues such as the skin, mammary glands, and cerebrospinal fluid (CSF). 67 

In addition to nonspecific clinical signs such as fever and anemia, dourine causes 68 

characteristic clinical signs such as local edema of the genitalia and mammary glands, 69 

cutaneous eruptions, incoordination, as well as facial and lip paralysis due to the parasitism in 70 

tissues and CSF. Dourine is an OIE-listed disease and is well known as a major obstacle for 71 

the international movement of horses [1, 2]. 72 

Dourine has been thought to be almost completely eradicated worldwide. However, 73 

some cases of dourine were recently reported in Mongolia, Italy, Ethiopia, and Venezuela [3-74 

9]. In Mongolia, dourine has occasionally occurred near the border where horse movement 75 

was free in the past (unpublished data). The seropositive cases of dourine were estimated to 76 

be 5.5% in Töv Province, Mongolia in 2003 [10]. Recently, we revealed an endemic dourine 77 

farm case in Töv Province [5] and isolated T. equiperdum from horses with dourine, which 78 

were bred in different provinces [3]. Moreover, the seroprevalence of horse trypanosomoses 79 

was estimated to be 4.8% by recombinant T. evansi GM6 (rTeGM6)-based enzyme-linked 80 

immunosorbent assay (ELISA) in whole Mongolia (Mizushima et al., unpublished data). Our 81 

reports clearly indicate the nationwide endemic situation of dourine and the necessity of an 82 

urgent introduction of its control. 83 

Mongolia is estimated to be the fifth largest country in terms of horse population 84 

worldwide, and it has bred >3.9 million horses according to the Food and Agriculture 85 

Organization [11]. Horses play particularly important roles in Mongolia not only in terms of 86 

livestock production (including transportation, milk production, and meat production) but 87 



also in terms of culture, tradition, and nomadic beliefs. The stamping-out policy has been 88 

practiced as the only effective control measure against dourine following the 89 

recommendation of the World Organization of Animal Health (OIE) [12]. However, the 90 

elimination of all infected horses might cause huge economic loss and social disorder in 91 

nomadic countries such as Mongolia. Therefore, the case identification and treatment of 92 

dourine are important for its control in nomadic countries. 93 

Previous studies have reported experimental treatment of dourine with naganol 94 

(Suramin®) and neoarsphenamine [13] or quinapyramine sulfate (QS) [14]. Dourine are 95 

frequently relapsed because T. equiperdum invade into and parasitize CSF, and several 96 

trypanocidal dugs have inability to pass through blood–brain barrier; therefore, treatment 97 

measures are not yet established and recommended for the disease [15, 16].  Recently, several 98 

reports have indicated that horses experimentally infected with T. equiperdum can be treated 99 

with diminazene diaceturate (Diminasan®) [17] or bis (aminoethylthio) 4-100 

melaminophenylarsine dihydrochloride (Cymelarsan®) [18, 19]. In addition, in vivo (mice) 101 

and in vitro drug sensitivity tests against some T. equiperdum strains suggested that several 102 

trypanocidal compounds equally inhibit the growth of T. evansi and T. brucei [20-23]. In the 103 

present study, we evaluated the treatment efficacy of combination therapy with diminazene 104 

aceturate (DA) and QS against a clinical case of dourine.  105 

 106 

2 Material and methods  107 

2.1 Study site and the history of dourine-suspected horse 108 

This study was conducted from January 2017 to June 2019 in Bayankhutag Sum, 109 

Khentii Province, Mongolia, which is located in the east of the country. The edema around 110 

the genitalia of an 8-year-old palomino-collared stallion was detected in July 2016 by the 111 



stallion owner. The stallion was treated by Penstrep-400 (Interchemine, Waalre, Holland) 112 

following which the edema temporally disappeared; however, it relapsed in November 2016, 113 

and the body condition of the horse kept deteriorating. In January 2017, the stallion owner 114 

requested to perform definitive diagnosis on a particular stallion expressing dourine-like 115 

signs (Fig. 1, Table 1).  116 

Blood sample was collected from the jugular vein of the stallion in an EDTA tube for 117 

DNA extraction and blood analysis as well as in a plane tube for serological analyses. Blood 118 

parameters [white blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), and 119 

hematocrit (HCT)] were analyzed using the pocH-100iV Diff automated hematology 120 

analyzer (Sysmex, Hyougo, Japan). In addition, urogenital tract mucosal swab samples were 121 

serially collected for parasitological analyses. 122 

All procedures described in the present study were approved by the Committee on the 123 

Ethics of Animal Experiments of Obihiro University of Agriculture and Veterinary Medicine 124 

(Approval number: 18-57). 125 

 126 

2.2 Parasitological examination 127 

Parasitological examination of trypanosomes was performed according to the method 128 

reported by Suganuma et al. (2016) [3]. In brief, to isolate trypanosomes from the urogenital 129 

tract of the stallion, Hirumi’s modified Iscove’s medium-9 was injected into its urogenital 130 

tract to detach trypanosomes from the urogenital tract mucosa. Subsequently, to observe live 131 

trypanosome, samples collected from the urogenital tract mucosa using a cotton swab were 132 

placed as droplets on a glass slide and immediately observed using light microscopy. For the 133 

observation of trypanosome using Giemsa-stained samples by light microscopy, samples 134 



were smeared on glass slides, fixed with 100% methanol, and stained with Giemsa staining 135 

solution (Merck, Darmstadt, Germany).  136 

 137 

2.3 Molecular analysis  138 

The total DNA from urogenital tract mucosal swab samples and EDTA-treated blood 139 

samples was extracted and purified using phenol/chloroform/isoamyl alcohol solution 140 

(Sigma-Aldrich, Japan). Purified DNA was stored at −30°C until use. PCR was performed 141 

using the KIN primer sets [forward (Kin2) 5′-CGC CCG AAA GTT CAC C-3′ and reverse 142 

(Kin1) 5′-GCG TTC AAA GAT TGG GCA AT-3′] [24]. 143 

 144 

2.4 Serological examination  145 

 Immunochromatographic test (ICT) and ELISA using recombinant T. evansi GM6 146 

(rTeGM6) antigen were performed following the methods reported in a previous study [5]. 147 

 148 

2.5 Treatment strategy 149 

The stallion with dourine was treated with DA (Demin®; Brilliant Bio Pharma Private 150 

Limited, Telangana, India) at a dosage of 3.5 mg/kg every 24 h for 3 days by subcutaneous 151 

injection in the neck. A week after DA treatment was completed, QS was subcutaneously 152 

injected (TriquinTM-S; Vetoquinol India Animal Health Pvt. Ltd, Mumbai, India) twice at a 153 

weekly dosage of 3 mg/kg.  154 

 155 

3 Results 156 



3.1 Clinical signs and results of diagnostic testing of the stallion before the treatment 157 

The characteristic clinical signs of dourine around the genitalia; edema of the testicles, 158 

thin sheath surrounding a testicle, and scrotum; depigmentation of the penis; and 159 

accumulation of smegma around the penis were observed (Fig. 1-B and C). In addition to 160 

these clinical signs, its body condition was moderately thin (Fig. 1-A). WBC (9.1 × 103/µL), 161 

RBC (7.1 × 106/µL), and HCT (32.3%) levels were relatively low but within the normal 162 

range, whereas the HGB level (9.8 g/dL) was lower than the normal range (Table 1). Slight 163 

unilateral paralysis of the nose and lower lip was observed, whereas other characteristic 164 

clinical signs such as skin plaques and ataxia were not observed (Fig. 1-D). Active 165 

trypanosomes were observed in the urogenital tract mucosal swab samples, and PCR with a 166 

540-bp amplicon showed positive results; however, trypanosome DNA was not detected in 167 

blood by PCR (Fig. 3, Supplemental Fig. 1, Supplemental Movie 1). ICT and ELISA results 168 

showed that the stallion was seropositive for horse trypanosomosis (Supplemental Fig. 2). In 169 

addition to this stallion, 7 mares in the herd were suspected to have dourine by ELISA 170 

(Supplemental Fig. 3). 171 

 172 

3.2 Improvement of clinical signs, fertility and negative results on diagnostic testing after the 173 

treatment 174 

After post-treatment 2 weeks, its clinical signs around the genitalia and paralysis 175 

gradually improved (Fig. 2). In addition, WBC, RBC, HGB, and HCT levels increased to 9.4 176 

× 103/µL, 8.7 × 106/µL, 11.8 g/dL, and 36.9%, respectively (Table 1). The HGB level was 177 

still lower than the normal range, and the body condition remained moderately thin; however, 178 

anemia improved compared with that before treatment. ICT results remained seropositive for 179 

dourine (Supplemental Fig. 2-A). 180 



After post-treatment 2 months, the characteristic clinical signs were not observed (Fig. 181 

2). The levels of blood parameters and body condition improved to normal (Table 1). The 182 

antibody titers, which were analyzed by ELISA, decreased from the positive range (OD450 = 183 

0.41, pretreatment) to the seronegative range (OD450 = 0.12, post-treatment 2 months) and 184 

remained in the negative range thereafter (OD450 = 0.07, post-treatment 6 months; OD450 = 185 

0.04, post-treatment 1 year; and OD450 = 0.04, post-treatment 2 years) (supplemental fig. 2). 186 

ICT results changed to seronegative from post-treatment 1 month and remained negative for 187 

post-treatment 1 year (supplemental fig. 2). Trypanosomes were not detected in the 188 

urogenital tract mucosal swab samples upon microscopic examination. Moreover, 189 

Trypanozoon DNA was not detected in the urogenital tract mucosal swab samples by PCR 190 

(supplemental fig. 1). The stallion did not relapse for at least post-treatment 2.5 years.  191 

The reproductive rate of the stallion was observed for 3 years.  The reproductive rate 192 

was 0% in 2016, 50% in 2017 and 25% in 2018 (Supplemental Table 1).   193 

 194 

4 Discussion 195 

Even though curative treatment strategy is available against dourine, OIE does not 196 

recommend the treatment due to the frequent relapse. Because no vaccine, OIE recommended 197 

the stamping-out policy for infected horses as the only effective control measure [12]. 198 

Mongolia is one of the largest horse-breeding countries and still faces situations of dourine 199 

outbreak [5, 10]. Although the stamping-out policy is recommended by OIE for the control of 200 

dourine, it is difficult to apply this strategy in Mongolia and other nomadic countries due to 201 

social and economic reasons. Therefore, the establishment of effective treatment measures 202 

against dourine is an urgent need in the nomadic horse industry. In the present study, we 203 



evaluated the treatment efficacy of combination therapy with DA and QS against a clinical 204 

case of dourine.  205 

The clinical signs of dourine include fever, anemia, emaciation, local edema of the 206 

genitalia and mammary gland, skin lesion, paralysis, and ataxia [25]. Despite no apparent 207 

skin lesion, the clinical picture of the stallion in the present study corresponded well with 208 

those of reported cases of dourine (Fig. 1, Table 1) [26]. rTeGM6-based ELISA and ICT can 209 

help detect the anti-T. equiperdum antibody in serum because this antibody showed 210 

crossreaction among other trypanosome species [5, 27, 28]. The positive results obtained on 211 

serological analyses by ICT and ELISA suggested past or present infection of trypanosomes 212 

in the stallion. Trypanosome DNA was detected in the DNA extracted from urogenital tract 213 

mucosal swab samples but not in that extracted from whole blood by PCR. The amplicon size 214 

of 540 bp suggested that the etiological agent was Trypanozoon. From the epidemiological 215 

point of view, this result suggests that the stallion was infected with T. equiperdum or T. 216 

evansi. As a result of microscopic examination, active trypanosomes were observed in 217 

urogenital tract mucosal swab samples. Unlike T. evansi, T. equiperdum primarily parasitizes 218 

tissues and is rarely observed in blood [25]. Our results strongly suggested that the stallion 219 

had dourine. The clinical signs around the genitalia were characteristic of dourine, whereas 220 

the neurological signs were relatively weak without ataxia in the stallion. In our previous 221 

observations of clinical cases of dourine, high numbers of live T. equiperdum were observed 222 

in the genital samples collected from infected horses. In such cases, neurological signs were 223 

not obvious. However, in progressed cases of dourine, trypanosomes were mainly observed 224 

in CSF and infected horses usually presented severe neurological signs [4] (Suganuma et al., 225 

unpublished data).  226 

Hébert et al [29] established an experimental Welsh pony infection model using the T. 227 

equiperdum OVI strain. They collected CSF samples by ultrasound-guided cervical centesis 228 



and observed T. equiperdum in CSF in the acute phase (11 and 28 days) after the infection 229 

via the jugular vein. In the present study, the stallion seemed to be naturally infected with T. 230 

equiperdum from spring to summer, which is its mating season. Further, its owner had 231 

observed a local edema in the stallion’s genitalia in July 2017. Therefore, it is thought that 232 

the stallion had chronic dourine. When the combination therapy trial was started in the 233 

following January, CSF samples could not be examined because of the lack of equipment for 234 

CSF collection. Although minor neurological signs were observed in this case, T. equiperdum 235 

had probably not invaded CSF of the infected stallion when the combination therapy was 236 

started. Dourine did not relapse in the treated stallion for at least 2.5 years after the 237 

combination therapy, despite the fact that the two drugs (DA and QS) do not cross the blood–238 

brain barrier [30-35]. However, the transferability of these drugs to tissues, particularly 239 

genitalia, remains unknown, but the result of the complete elimination of trypanosomes from 240 

the urogenital tract mucosal swab samples suggested that these drugs affect trypanosomes 241 

that parasitize tissues.  242 

In the present case of dourine, the characteristic skin plaques, so-called “silver dollar 243 

plaques,” were not observed. In our previous observations, the characteristic skin plaques 244 

were also not observed in other dourine-suspected Mongolian local breed horses [4]. 245 

However, these plaques were sporadically observed in 62% of Friesian and half-breed horses, 246 

which were naturally or experimentally infected with T. equiperdum [26]. These differences 247 

in clinical signs and trypanosome parasitism suggest that clinical signs and pathogenicity rely 248 

on the etiological strain of T. equiperdum and/or horse breed. After post-treatment 2 months, 249 

the body condition of the stallion recovered well and became moderately fleshy according to 250 

the Henneke’s horse body condition scoring system (Fig. 2-A) [36]. In addition, the clinical 251 

signs of dourine started to disappear within post-treatment 2 months (Fig. 2-B and C). 252 

Slightly low levels of RBC, HGB, and HCT indicated anemia with emaciation. The levels of 253 



blood parameters also improved after the treatment, and anemia was cured within post-254 

treatment 2 months (Table 1). The improvement in the levels of these blood parameters 255 

clearly indicated the positive effects of the combination therapy. A treatment study using 256 

Cymelarsan® alone reported the reversion of blood parameters in treated horses [18, 19]. The 257 

infected stallion mated 20 mares in 2016 (before the combination therapy but its owner found 258 

edema of the genitalia), but the stallion had no reproductive ability because of none of the 259 

offsprings in 2017 (Supplemental Table 1). On the other hand, in 2017 and 2018, the 260 

reproductive ability of the stallion slightly improved after the combination therapy 261 

(Supplemental Table 1). This result indicates that reproductive ability could be reverted by 262 

the combination therapy. 263 

During the combination therapy, the antibody titer for the rTeGM6-4r antigen 264 

gradually decreased and turned to be negative after post-treatment 1 and 2 months by ICT 265 

and ELISA, respectively. These results indicated that the rTeGM6-4r antigen was useful for 266 

monitoring the elimination of T. equiperdum from the infected horse and the effectiveness of 267 

the treatment. Supportive results have been reported in previous studies [19, 35, 37].  268 

 269 

5 Conclusions 270 

Because of this study only based on treatment of single stallion and we did not check 271 

the parasite in CSF of the stallion, it possible to happen relapse in other case.  In this case, 272 

dourine did not relapse for at least 2.5 years after the combination therapy; therefore, it can 273 

be concluded that the combination therapy with DA and QS has the potential to treat dourine. 274 

In the future, the possibility of dourine relapse in the stallion should be carefully analyzed. In 275 

addition, trypanosomes in the semen and reproduction ability should be carefully observed. 276 

  277 
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Figure legends 289 

Fig. 1. Clinical signs of the stallion before the combination therapy 290 

(A) Overall body condition. (B) Edema of the testicles, thin sheath surrounding a testicle, and 291 

scrotum. (C) Depigmentation of the penis and accumulation of smegma around the penis. (D) 292 

Slight unilateral paralysis of the nose and lower lip. 293 

 294 

Fig. 2. Improvement in clinical signs of the stallion 2 months after the combination therapy 295 

with diminazene aceturate and quinapyramine sulfate 296 

(A) Overall body condition. (B) Improvement in edema of the testicles, thin sheath 297 

surrounding a testicle, and scrotum. (C) Depigmentation of the penis, whereas smegma 298 

cleared out around the penis. 299 

 300 

Fig. 3. Microscopic examination of Τrypanosoma equiperdum 301 

 Giemsa-stained T. equiperdum detected in urogenital tract mucosal swab samples 302 

before the combination therapy with diminazene aceturate and quinapyramine sulfate. Arrow 303 

indicates the kinetoplast in trypanosome.  304 

 305 

Supplemental Fig. 1. PCR for trypanosomes 306 

 PCR was performed using KIN primer sets. M: 100-bp DNA ladder, lane 1: DNA 307 

sample extracted from urogenital tract mucosal swab samples before combination therapy, 308 

lane 2: DNA sample extracted from blood before the combination therapy, lane 3: DNA 309 

sample extracted from urogenital tract mucosal swab samples 2 months after the combination 310 



therapy, N: Negative control (distilled water) and P: Positive control (Τrypanosoma 311 

equiperdum DNA). 312 

 313 

Supplemental Fig. 2. Serological analyses of the stallion with dourine by 314 

immunochromatographic test (ICT) (A) and enzyme-linked immunosorbent assay (ELISA) 315 

(B)  316 

Serological analyses were performed by ICT and ELISA before and after the 317 

combination therapy. The reference serum for positive and negative controls was confirmed 318 

by ELISA, ICT, CATT, PCR, and microscopic examination of the host stallion [5] 319 

A) Diagnosed by ICT. T: Test line, C: Control line, P: Positive control, N: Negative 320 

control, 1: Before the combination therapy, 2: Two weeks after the combination therapy, 3: 321 

One month after the combination therapy, 4: Two months after the combination therapy, 5: 322 

Three months after the combination therapy, 6: Six months after the combination therapy, 323 

and 7: One year after the combination therapy. The ICT detection test showed seropositive 324 

results. 325 

(B) The change in the antibody titer during the period of combination therapy. Pos: 326 

Positive control, Neg: Negative control, 1: Before the combination therapy, 2. Two months 327 

after the combination therapy, 3: Six months after the combination therapy, 4: One year after 328 

the combination therapy, and 5: Two years after the combination therapy. 329 

 330 

Supplemental Fig. 3. 331 



Serological analysis was performed against all horses in the horse farm by ELISA 332 

before the combination therapy. Pos: Positive control, Neg: Negative control, Stallion: The 333 

stallion that was treated in the present study, and 1–20: Mares in the horse farm.  334 

   335 
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Table 1. Summary of the case and treatment results 439 

General information   

Horse farm information Khentii Province, Bayakhutag Sum 

Sex  Male 

Age  8 years 

Color Palomino 

Treatment Diminazene aceturate: dosage of 3.5 mg/kg every 24 h for 3 days 

Quinapyramine sulfate: 1 week after the diminazene aceturate treatment at dosage of 3 mg/kg 

twice a week 

 

Disease condition before treatment 

Clinical signs Edema of the testicles, thin sheath surrounding a testicle, and scrotum; depigmentation of the 

penis; and accumulation of smegma around the penis 

Body condition  Moderately thin 

Blood parameters WBC: 9.1 × 103/µL, RBC: 7.2 × 106/µL, HGB: 9.8 g/dL, and HCT: 32.3%* 

 

Disease condition after post-treatment 2 weeks  

Clinical signs Reduced edema of the testicles, sheath, and scrotum; depigmentation of the penis; and 

accumulation of smegma around the penis 

Body condition Moderately thin 
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 452 

Blood parameters WBC: 9.4 × 103/µL, RBC: 8.7 × 106/µL, HGB: 11.8 g/dL, and HCT: 36.9%* 

 

Disease condition after post-treatment 2 months  

Clinical signs No clear clinical sign 

Body condition  Moderately fleshy 

Blood parameters WBC: 9.6 × 103/µL, RBC: 10.2 × 106/µL, HGB: 13.6 g/dL, and HCT: 43.5%* 

 

Diagnostic test results before treatment 

Microscopic examination  Positive, live, actively moving parasites observed in the urogenital tract mucosal swab (Fig. 3 and 

Supplemental movie 1) 

PCR Positive, in DNA extracted from the urogenital tract mucosal swab (Supplemental Fig. 1, line 1) 

Immunological diagnosis  Positive, ELISA (OD405 value: 0.41 compared with the cut-off value of 0.15) and ICT  

(Supplemental Fig. 2-B, line 1, and Supplemental Fig. 2-A, line 1, respectively) 

 

Diagnostic test results after post-treatment 2 months  

Microscopic examination Negative, in the blood and urogenital tract mucosal swab 

PCR  Negative, in DNA extracted from the urogenital tract mucosal swab (Supplemental Fig. 1, line 3)  

Immunological diagnosis Negative, ELISA (OD405 value: 0.11 compared with the cut-off value of 0.15) and ICT negative 

(Supplemental Fig. 2-B, line 2, and Supplemental Fig. 2-A, line 4, respectively) 



*Normal range of blood parameters: WBC: 5–12 × 103/µL, RBC: 7–13 × 106/µL, HGB: 12–17 g/dL, and HCT: 32%–52% 453 

WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; ELISA, enzyme-linked immunosorbent assay; ICT, 454 

immunochromatographic test 455 

 456 
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