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Background. Trypanosoma is a genus of unicellular parasitic ﬂagellate protozoa. Trypanosoma brucei species and Trypanosoma
cruzi are the major agents of human trypanosomiasis; other Trypanosoma species can cause human disease, but are rare. In March
2015, a 38-year-old woman presented to a healthcare facility in southern Vietnam with fever, headache, and arthralgia. Microscopic
examination of blood revealed infection with Trypanosoma.
Methods. Microscopic observation, polymerase chain reaction (PCR) ampliﬁcation of blood samples, and serological testing
were performed to identify the infecting species. The patient’s blood was screened for the trypanocidal protein apolipoprotein L1
(APOL1), and a ﬁeld investigation was performed to identify the zoonotic source.
Results. PCR ampliﬁcation and serological testing identiﬁed the infecting species as Trypanosoma evansi. Despite relapsing 6
weeks after completing amphotericin B therapy, the patient made a complete recovery after 5 weeks of suramin. The patient was
found to have 2 wild-type APOL1 alleles and a normal serum APOL1 concentration. After responsive animal sampling in the presumed location of exposure, cattle and/or buffalo were determined to be the most likely source of the infection, with 14 of 30 (47%)
animal blood samples testing PCR positive for T. evansi.
Conclusions. We report the ﬁrst laboratory-conﬁrmed case of T. evansi in a previously healthy individual without APOL1 deﬁciency, potentially contracted via a wound while butchering raw beef, and successfully treated with suramin. A linked epidemiological investigation revealed widespread and previously unidentiﬁed burden of T. evansi in local cattle, highlighting the need for
surveillance of this infection in animals and the possibility of further human cases.
Keywords. Vietnam; zoonosis; Trypanosoma evansi; case investigation; emerging infections.

Southeast Asia is a hotspot for emerging and remerging infectious diseases [1]. Over the last decade, Vietnam in particular
has been an epicenter for such infections [2]. The country has
a human population of >90 million, some of the highest densities of farmed livestock in Asia, and a substantial burden of infectious diseases, many of which occur without an etiological
diagnosis [3]. More than half of Vietnam’s population resides
in rural areas, and most participate in small-scale animal
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production, which likely facilitates the transfer of pathogens
from animals into humans (zoonotic transmission). Therefore,
we predict that zoonotic infections occur frequently in rural locations but do not trigger onward human-to-human transmission and often fail to be diagnosed [4]. Furthermore, because of
limited diagnostic capacity in provincial animal health facilities,
conclusive epidemiological investigations of zoonotic infections
in potential animal sources are expensive, challenging, and rarely performed.
Trypanosoma is a genus of unicellular parasitic ﬂagellate protozoa within the class Kinetoplastida. The genus has several
members, the majority of which require transmission between
different hosts to complete their life cycle. Trypanosoma infections are responsible for a large burden of infectious disease in
humans globally [5]. The major zoonotic parasites, Trypanosoma brucei species (T. brucei subspecies gambiense and T. brucei subspecies rhodesiense) and Trypanosoma cruzi cause a

substantial burden of sleeping sickness and Chagas disease in
sub-Saharan Africa and Latin America, respectively. Other Trypanosoma species, such as T. lewisi, T. brucei subspecies brucei,
T. congolense, and T. evansi, can also cause disease in humans,
but are rare [6]. The majority of these atypical human cases of
Trypanosoma infections are due to T. lewisi and T. evansi. Trypanosoma lewisi is a ubiquitous, nonpathogenic parasite of rats,
and is considered to be a human pathogen, although there have
been only a limited number of reported cases [7]. Trypanosoma
evansi is associated with acute disease in camels and horses
(surra) and chronic disease in cattle and buffalo, and can be
found in South America, North Africa, the Middle East, and
South and Southeast Asia [8].
The only human case of T. evansi with molecular conﬁrmation of the infecting species occurred in India in 2005 [9]. This
patient had a deﬁciency of apolipoprotein L1 (APOL1) [10], a
component of human serum with trypanocidal activity [11].
Four other probable cases have been reported worldwide [8],
3 in India and 1 in Egypt, but molecular parasite speciation
was not performed. Here we describe a clinical, parasitological,
and epidemiological investigation of the ﬁrst conﬁrmed human
infection of T. evansi in a previously healthy individual without
APOL1 deﬁciency in Asia.
CASE REPORT

On 19 March 2015, a 38-year-old Vietnamese woman presented
to a healthcare facility in Dong Nai province in southern
Vietnam (approximately 30 km east of Ho Chi Minh City)
with 18 days of fever, headache, and arthralgia. She did not
seek medical advice during this period but self-treated with antipyretics. She worked in a footwear factory, had given birth on
23 November 2014, and was breastfeeding a healthy infant; her
past medical history was unremarkable with no known underlying medical condition. Her only account of recent travel was
to Krong Pac district in Dak Lak, a rural province in Vietnam’s

Table 1.

Central Highlands, from 8 February to 2 March, to visit relatives
over the lunar New Year holiday. She had never traveled outside
Vietnam.
On presentation at the provincial hospital, she was
treated presumptively for malaria with dihydroartemisininpiperaquine. The following day she remained febrile and was
transferred to the Hospital for Tropical Diseases (HTD) in
Ho Chi Minh City. On admission at HTD, she had a severe
headache but no additional neurological symptoms or signs,
and her Glasgow Coma Scale score was 15/15. Her temperature
was 39.5°C, respiratory rate was 22 breaths/minute, pulse was
100 beats/minute, and blood pressure was 110/70 mm Hg. Cardiorespiratory examination was normal and abdominal examination revealed nontender hepatomegaly.
Initial blood tests showed pancytopenia and mild renal impairment with raised liver aminotransferases and hypoalbuminemia (Table 1); electrolytes, lactate dehydrogenase, creatine
phosphokinase, and troponin I were within normal ranges. Microbiological cultures performed on blood, urine, and cerebrospinal ﬂuid (CSF) did not produce any signiﬁcant growth; CSF
cell count, protein, and glucose concentrations were within normal ranges. Serological tests for hepatitis B, hepatitis C, and
human immunodeﬁciency virus were negative. A blood ﬁlm,
stained with Giemsa and examined by microscopy, was negative
for malaria; however, numerous unicellular ﬂagellate protozoa,
with the distinctive morphology of Trypanosoma and with an
estimated concentration of >50 000 parasites/µL, were identiﬁed
(Figure 1). Motile parasites were also observed by direct microscopic examination of the blood (Supplementary Data). Chest
radiography and electrocardiography were normal, and abdominal ultrasound conﬁrmed hepatomegaly (164 mm) and splenomegaly (117 mm).
First-line antitrypanosomal drugs (eg, pentamidine and suramin) are not available in Vietnam. Consequently, the patient
was treated with amphotericin B (0.7 mg/kg/day) for 7 days,

Timeline of the Clinical Laboratory Investigations and Results of a Human Trypanosoma evansi Infection—Vietnam, 2015

Test

Normal Range

First Admission

First Discharge

Second Admission

Second Discharge

Follow-up

Date

. . .

19 March

28 March

15 May

12 June

13 July

4500–11 000

1680

5250

3260

2880

4170

2000–7500

530

2226

1330

1630

2247

12–16

7.7

12.2

7.2

10.7

12.5

150–400

97

270

51

183

196

<0.15

32.25

ND

43.7

ND

ND

Creatinine, mmol/L

60–115

143

48

139

66

66

Ferritin, ng/mL

15–200

1453

368

291

ND

ND

WBC count, cells/µL
Neutrophil count, cells/µL
Hemoglobin, g/dL
Platelet count, ×109 cells/L
Procalcitonin, ng/mL

35–55

26.1

42.8

24.7

38

ND

5.1–20.5

7.9

2.9

61.4

8.2

ND

AST, U/L

0–35

78

27

89

20

18

ALT, U/L

0–35

449

40

186

22

19

Albumin, g/L
Bilirubin, µmol/L

Values outside the normal range are shown in bold.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ND, not determined; WBC, white blood cell.
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Figure 1. Giemsa-stained blood sample showing Trypanosoma evansi in the blood of a 38-year-old Vietnamese woman at ×100 (A) and ×1000 (B) magnification, with typical
forms of the subgenus Trypanozoon parasites (total length 20–30 µm, free flagellum, central nucleus, large undulating membrane, subterminal small kinetoplastids [<0.8 µm],
and a sharp posterior extremity).

due to its reported trypanocidal activity [12]. She was afebrile
after 12 hours of treatment. After 24 and 48 hours of treatment,
blood ﬁlms demonstrated a fall in trypanosoma parasitemia
from 11 880 parasites/µL to 5900 parasites/µL, respectively.
No parasites were observed in blood ﬁlms by the fourth day
of treatment. White blood cell and platelet counts improved,
while hemoglobin dropped to 6.6 g/dL. She was discharged
without symptoms and with normal blood values on the 10th
day after admission (Table 1). The patient was recalled for
follow-up 4 weeks after discharge; she remained asymptomatic
with normal blood values, and no parasites were visible upon
microscopy.
Six weeks after hospital discharge (15 May), the patient returned to HTD with 2 days of fever, headaches, nausea, and vomiting. Blood tests again demonstrated pancytopenia, raised liver
enzymes, and hypoalbuminemia (Table 1). An ultrasound
showed hepatomegaly of 167 mm and splenomegaly of 126
mm, and a peripheral blood smear identiﬁed >70 000 parasites/
µL. CSF examination was normal. By this time, suramin had been
sourced from the World Health Organization (WHO), and she
was treated with 1 g weekly for 5 weeks. The fever resolved within
8 hours of the ﬁrst dose, and the blood smear was negative within
12 hours. The patient was discharged and completed suramin
treatment without complications. She was followed up monthly
for 6 months with repeated clinical examination and blood
ﬁlms. Further investigations to identify the infecting parasite,
the patient’s serological responses and susceptibility, and the potential source were subsequently undertaken.
METHODS
Parasite Identiﬁcation and Genotyping

Subgenus identiﬁcation of the trypanosomes was performed by
morphology and morphometry under microscopic examination
1004
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of the parasite using Giemsa-stained blood smears. To detect parasite DNA in blood samples, the following primers were used for
polymerase chain reaction (PCR) ampliﬁcation: Tryp1 (generic
for trypanosomes) [13], NRP and TBR (Trypanozoon subgenus)
[14], EVA [15], TEPAN [16], TE2249/50 [17], RoTat1.2 F/R [18]
(T. evansi/T. equiperdum speciﬁc), EVAB1/2 [19, 20] (T. evansi
type B speciﬁc), and Lew [21] (T. lewisi species speciﬁc). DNA
was extracted using the QIAamp DNA Blood Mini Kit (Qiagen)
following the manufacturer’s recommendations. PCR ampliﬁcations were performed in volumes of 50 μL using ampliﬁcation
conditions described in the cited publications.
For parasite characterization, ampliﬁcation and sequencing
of a 234-bp polymorphic fragment of the small subunit (SSU)
18S ribosomal DNA (rDNA) was performed as previously
described [22]. Novel nucleotide sequences of the partial SSU
ribosomal RNA gene of Vietnamese T. evansi were deposited
in GenBank under the following accession numbers: KT844943,
T. evansi isolate T1 human Vietnam ﬁrst infection; KT844944,
T. evansi isolate T2 cattle Vietnam; KT844945, T. evansi isolate
T3 cattle Vietnam; and KT844946, T. evansi isolate T4 human
relapse Vietnam.
Serological Testing

The card agglutination test T. evansi (CATT/T. evansi) (Institute of Tropical Medicine, Antwerp, Belgium) is for the serodiagnosis of animal trypanosomiasis caused by T. evansi [23],
and can detect anti–T. evansi antibody in blood, serum, and
plasma [24]. Assays were performed following the manufacturer’s recommendations (serum dilution 1:4), and positive serum
samples were further tested in serial dilutions to provide a semiquantitative estimate of anti–T. evansi antibody in the patient’s
serum. A previously described T. evansi enzyme-linked immunosorbent assay (ELISA) was also performed using the ﬁrst patient sample as positive control [25].

APOL1 Testing

The patient underwent APOL1 genotyping using targeted PCR
ampliﬁcation and sequencing as previously described [10].
Total genomic DNA was extracted from blood samples using
the Nucleon Genomic DNA Extraction Kit (GE Healthcare).
PCR was used to amplify the APOL1 gene using the primers
F-5′ AGCCACCACACCGAGCCAAAACTGC and R-5′ AG
CACAAGAAAGAAGCTTACAGGGG to amplify a 783-bp region of APOL1 on chromosome 22q13.1. PCR amplicons were
cloned into pCR2.1R Topo and sequenced in both directions
using BigDye sequencing on an ABI3700XL DNA sequencer
(Applied Biosystems). Quantitative Sandwich ELISAs (USCN
Life Sciences) were performed in duplicate according to the
manufacturer’s instructions to measure the concentration of
APOL1 in patient serum and the serum of 12 healthy anonymous Vietnamese volunteers.
Field Investigation

We conducted a census of cattle and buffalo farms located within a 0.5-km radius of the patient’s relatives’ household. From
each sampled animal, blood was collected by ear puncture
and from the jugular vein into ethylenediaminetetraacetic acid
(EDTA) tubes. EDTA blood was used to prepare both thick and
thin blood smears that were ﬁxed and stained using Giemsa.
Buffy coat from centrifuged microcapillary tubes and Giemsastained smears were examined at ×100 magniﬁcation for the
presence of trypanosomes. EDTA blood from the jugular vein
was centrifuged and the buffy coat and plasma were separated;
the former was used for molecular testing, and the latter for serological testing. Rats were trapped on several of the sampled
farms, and blood samples were tested by serology and PCR ampliﬁcation. Staff from the sub–Department of Animal Health
and the Regional Animal Health Laboratory performed the animal sampling. Serological tests were performed using CATT on
plasma from all species; ELISAs were performed on bovids only.
Ethical Approval

Written informed consent was obtained from the patient involved
in this investigation. Permission for the ﬁeld investigation was
covered by existing protocols for an ongoing study of zoonotic

Table 2.

infections in Vietnam (VIZIONS) [4], which were approved by
HTD and the Oxford Tropical Research Ethics Committee.
RESULTS
Patient Serological Response, Trypanosoma Identiﬁcation, and APOL1
Testing

Six plasma samples from the patient ( primary presentation, relapse, and late follow-up) gave positive agglutinations using the
CATT/T. evansi test and were positive at >1:512, 1:256, and 1:16
dilutions on primary presentation, convalescence, and relapse,
respectively (Table 2). Posttreatment follow-up samples provided evidence for decreasing antibody concentrations, testing positive at 1:8, 1:8, and 1:4 dilutions at 1, 2, and 4 months after
treatment, respectively. Whole blood from the patient was additionally subjected to PCR ampliﬁcation to conﬁrm the infecting
species. The resulting ampliﬁcations tested positive for Trypanozoon and for T. evansi, and negative for T. lewisi and T. evansi
type B (Table 2). It was concluded the patient was infected with
T. evansi type A [13].
The APOL1 concentration in the patient’s serum was 3394
ng/mL; the APOL1 concentrations in 12 healthy Vietnamese
volunteers ranged from 1056 to 7400 ng/mL (median, 3094
ng/mL [interquartile range, 2754–4611 ng/mL]). Furthermore,
the patient was conﬁrmed to have 2 wild-type APOL1 alleles
(ie, no mutations in codon 142 or 266) upon ampliﬁcation
and sequencing of the gene encoding APOL1 [10].
Field Investigation

Potential sources of Trypanosoma infection include horses, dogs,
cattle, and buffaloes. The patient did not report any direct contact
with animals while in Dak Lak province, but recollected buffalo
and cattle in the area. She did not recall any bites from animals or
insects, but did recollect inﬂicting a knife wound to her ﬁnger on
24 February while butchering locally reared raw beef.
A total of 10 cattle and buffalo farms were identiﬁed within a
0.5-km radius from the patient’s relatives’ household in Krong
Pac. These farms contained a total of 121 animals (37 chickens,
35 cattle, 27 buffaloes, 17 pigs, 4 dogs, and 1 cat) and 65 people
(Figure 2). Blood was taken from 22 randomly selected cattle

Laboratory Confirmation of Trypanosoma evansi Infection—Vietnam, 2015
PCR Amplificationa

Date

Sample

Microscopy

CATT

CATT Titration

Tryp1

EVA

NRP

TE2249/50

Rotat

TEPAN

Lew

19 March

First admission

+

+++

1:512

+

+

+

+

+

+

−

21 April

Follow-up

−

+++

1:256

−

−

−

−

−

−

−

15 May

Second admission

+

+

1:16

+

+

+

+

+

+

−

08 June

Follow-up

−

+

1:8

−

−

−

−

−

−

−

20 July

Follow-up

−

+

1:8

−

−

−

−

−

−

−

14 Sept

Follow-up

−

+

1:4

−

−

−

−

−

−

−

Abbreviations: CATT, card agglutination test T. evansi; PCR, polymerase chain reaction.
a

Tryp1 (generic for trypanosomes) [13], NRP and TBR (Trypanozoon subgenus) [14], EVA [15], TEPAN [16], TE2249/50 [17], RoTat1.2 F/R [18] (T. evansi/T. equiperdum specific), EVAB1/2 [19,
20] (T. evansi type B specific), and Lew [21] (T. lewisi species specific).
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Figure 2. Map of sampled field location in Dak Lak province in central Vietnam. A, Map of Vietnam with the locations of Ho Chi Minh City, Dong Nai, and Dak Lak provinces
highlighted. B, Map of farms sampled in response to the human case of Trypanosoma evansi. The orange circle (A) shows the location of the patient’s house. The 10 sampled
farm locations are shown and coded as follows: white, no evidence of trypanosomes; yellow, polymerase chain reaction and/or serological evidence of T. evansi in cattle or
buffalo; red, microscopic evidence of Trypanosoma species in cattle or buffalo blood.

and 8 buffaloes. On microscopic examination, 3 of 22 (14%)
blood samples from cattle on 3 different farms were found to
contain Trypanosoma species; parasites were not observed in
the blood of other animals.
PCR ampliﬁcation for trypanosomes was performed on template DNA extracted from the blood of the sampled animals.
Nine of 22 (41%) and 5 of 8 (63%) blood samples from cattle
and buffalo, respectively, produced PCR amplicons indicative
of T. evansi infection. Furthermore, 17 of 22 (77%) cattle
blood samples and 6 of 9 (67%) buffalo blood samples had appreciable antibody against T. evansi by CATT and/or ELISA.
Notably, on further questioning, farmers on 4 of 10 sampled farms
(including all 3 of the farms with cattle that had a microscopyconﬁrmed parasitemia) reported recent unexplained illness in
their cattle characterized by wasting, paralyzed limbs, and
death, again indicative of T. evansi infection.
A comparison between four 18S rDNA sequences that were
generated (2 from the patient’s blood and 2 from cattle) exhibited 99.5% DNA homology over 234 bp. The 2 animal samples
were additionally PCR positive for Rotat1.2 and negative for
EVAB, thus suggesting T. evansi type A infection in both the patient and the sampled cattle.
DISCUSSION

We present the ﬁrst reported case of human T. evansi infection in
Southeast Asia. Trypanosoma evansi is a zoonotic parasite that
can be commonly found in bovine animals in tropical regions,
although human disease is exceptionally rare [6]. The patient described here had no previously described immunological risk
1006
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factors for Trypanosoma infection. Two mutations within the
gene encoding apolipoprotein L1 (APOL1), in codons 142 and
266, have been previously associated with T. evansi susceptibility
in an Indian patient [10]. APOL1 is a ubiquitous component of
high-density lipoprotein found in plasma that kills trypanosomes
by lysosome swelling [26]. Our patient did not have the genetic
mutations associated with APOL1 deﬁciency, and serum concentrations were comparable to 12 healthy Vietnamese controls. Animal models suggest there may be other susceptibility factors to
Trypanosoma infections, including increased host arginase activity and nitric oxide bioavailability [27], defective type I interferon
responses, and deﬁciencies in the complement lectin pathway
factors [28, 29]. The only identiﬁed risk factor was that the patient
was 2–3 months postpartum at the time of exposure, which is a
well-known risk factor for many infectious diseases.
There are no previous reports describing T. evansi treatment
with amphotericin B and, although administration here correlated with defervescence and parasite clearance, it is difﬁcult to
conclude whether the drug or a natural immunological response
induced this. Data from a murine T. cruzi model suggested that
amphotericin B may have a trypanostatic action, but poor trypanocidal activity [12]. As our patient relapsed 6 weeks later, the
efﬁcacy of amphotericin B for T. evansi therapy remains ambiguous. Treatment with suramin, however, resulted in rapid and
prolonged cure. Suramin is currently the ﬁrst-line recommended treatment for early-stage T. b. rhodesiense and had been used
successfully in treating human T. evansi previously [9]. Our case
provides additional evidence for suramin’s effectiveness against
this parasite. Furthermore, a decrease in antibody response was

also observed with CATT titers falling from 1:16 at the time of
the treatment to 1:4 four months after infection. However, this
CATT titer did not increase on relapse, suggesting a lack of immunoglobulin M on secondary parasitemia.
The rapid epidemiological investigation accompanying this
ﬁrst human T. evansi infection in Southeast Asia is testament
to Vietnam’s coordinated public and animal healthcare systems
and links between clinicians and researchers. The rapid testing
of >50 animals of different species in 10 different farms within a
0.5-km radius of the patient’s residence found that a substantial
proportion of bovids in the farms surrounding the patient’s
home had PCR-conﬁrmed T. evansi infection (77% of bovids
additionally had serological evidence of the infection). Furthermore, the parasites detected in the patient ( primary infection
and relapse) and parasites identiﬁed in bovids were T. evansi
type A. Additional sequencing of the polymorphic fragment
of the SSU 18s rDNA demonstrated a high degree of homology
between the animal and human parasites, implicating local bovids as the most likely source of the infection.
Trypanosoma evansi is known to be endemic in Vietnam, and
seroprevalences approaching 30% have been described in bovids
and horses in the Red River Delta; outbreaks in central and
southern Vietnam have been acknowledged within Vietnam
[30]. However, the magnitude of the problem in terms of geographic distribution and prevalence in cattle/buffalo in Vietnam
is currently undetermined and likely underestimated. The unexplained death of several bovines in the patient’s locality was likely due to surra as indicated by the clinical signs and the
prevalence of T. evansi in these species; these ﬁndings also
imply that the parasite has been circulating undetected for
some time. The endemicity of T. evansi may have economic
consequences, but it also highlights the potential for further
human cases. The precise route of transmission in this patient
remains uncertain; however, direct inoculation through a hand
wound, as was described for the previous case in India [9], is the
most reasonable explanation.
In conclusion, we have described the ﬁrst human case of
T. evansi infection reported in Asia in a previously healthy
individual without APOL1 deﬁciency. Subsequent ﬁeld investigations demonstrated a high prevalence of bovids in the immediate environs of the patient with clinical and molecular
evidence of T. evansi infection. The infection was most probably
acquired through direct wound inoculation from meat of infected cattle. Further research is required to better understand this
zoonotic pathogen, including host susceptibility factors, potential vectors, and therapeutic options for both human and animal
infections.
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Supplementary materials are available at http://cid.oxfordjournals.org.
Consisting of data provided by the author to beneﬁt the reader, the posted
materials are not copyedited and are the sole responsibility of the author, so
questions or comments should be addressed to the author.

Notes
Acknowledgments. We acknowledge Professor Peter Chiodini from the
London School of Hygiene and Tropical Medicine, who provided clinical
advice about the case; and the World Health Organization, for rapidly
supplying suramin free of charge. The BioZoonoSEA laboratory (Kasetsart
University) provided all facilities and diagnostic tests for the characterization of trypanosomes. We additionally endorse the Network on Atypical
Human Infections by Animal Trypanosomes, which provided support for
the infrastructure to identify and describe this case (umr-intertryp.cirad.
fr/content/download/4311/32199/version/1/ﬁle/Leaﬂet.pdf).
Author contributions. The corresponding author had full access to all
the data in the study and had ﬁnal responsibility for the decision to submit
for publication.
Disclaimer. The funding body played no part in the design, implementation, or analysis of the study or in the decision to publish the results.
Financial support. This work was supported by the Wellcome Trust of
Great Britain (strategic award WT/093724). S. B. is a Sir Henry Dale Fellow,
jointly funded by the Wellcome Trust and the Royal Society (100087/Z/12/Z).
Potential conﬂicts of interest. All authors: No reported conﬂicts. All
authors have submitted the ICMJE Form for Disclosure of Potential Conﬂicts of Interest. Conﬂicts that the editors consider relevant to the content
of the manuscript have been disclosed.
References
1. Morse SS, Mazet JAK, Woolhouse M, et al. Prediction and prevention of the next
pandemic zoonosis. Lancet 2012; 380:1956–65.
2. Tran TH, Nguyen TL, Nguyen TD, et al. Avian inﬂuenza A (H5N1) in 10 patients
in Vietnam. N Engl J Med 2004; 350:1179–88.
3. Ho Dang Trung N, Le Thi Phuong T, Wolbers M, et al. Aetiologies of central nervous system infection in Viet Nam: a prospective provincial hospital-based descriptive surveillance study. PLoS One 2012; 7:e37825.
4. Rabaa MA, Tue NT, Phuc TM, et al. The Vietnam Initiative on Zoonotic Infections (VIZIONS): a strategic approach to studying emerging zoonotic infectious
diseases. Ecohealth 2015; 12:726–35.
5. Barrett MP, Burchmore RJS, Stich A, et al. The trypanosomiases. Lancet 2003;
362:1469–80.
6. Truc P, Büscher P, Cuny G, et al. Atypical human infections by animal trypanosomes. PLoS Negl Trop Dis 2013; 7:e2256.
7. Lun Z-R, Wen Y-Z, Uzureau P, et al. Resistance to normal human serum reveals
Trypanosoma lewisi as an underestimated human pathogen. Mol Biochem Parasitol 2015; 199:58–61.
8. Desquesnes M, Dargantes A, Lai D-H, Lun Z-R, Holzmuller P, Jittapalapong S.
Trypanosoma evansi and surra: a review and perspectives on transmission, epidemiology and control, impact, and zoonotic aspects. Biomed Res Int 2013;
doi:10.1155/2013/321237.
9. Joshi PP, Shegokar VR, Powar RM, et al. Human trypanosomiasis caused by Trypanosoma evansi in India: the ﬁrst case report. Am J Trop Med Hyg 2005;
73:491–5.
10. Vanhollebeke B, Truc P, Poelvoorde P, et al. Human Trypanosoma evansi infection
linked to a lack of apolipoprotein L-I. N Engl J Med 2006; 355:2752–6.
11. Da Silva AS, Duck MRK, da Rosa Fanfa V, et al. Trypanocidal activity of
human plasma on Trypanosoma evansi in mice. Rev Bras Parasitol Vet 2012;
21:55–9.
12. Cencig S, Coltel N, Truyens C, Carlier Y. Parasitic loads in tissues of mice infected
with Trypanosoma cruzi and treated with AmBisome. PLoS Negl Trop Dis 2011; 5:
e1216.
13. Desquesnes M, Dávila AMR. Applications of PCR-based tools for detection and
identiﬁcation of animal trypanosomes: a review and perspectives. Vet Parasitol
2002; 109:213–31.
14. Moser DR, Cook GA, Ochs DE, Bailey CP, McKane MR, Donelson JE.
Detection of Trypanosoma congolense and Trypanosoma brucei subspecies by
DNA ampliﬁcation using the polymerase chain reaction. Parasitology 1989;
99( pt 1):57–66.
15. Pruvot M, Kamyingkird K, Desquesnes M, Sarataphan N, Jittapalapong S. A comparison of six primer sets for detection of Trypanosoma evansi by polymerase
chain reaction in rodents and Thai livestock. Vet Parasitol 2010; 171:185–93.
16. Wuyts N, Chokesajjawatee N, Panyim S. A simpliﬁed and highly sensitive detection of Trypanosoma evansi by DNA ampliﬁcation. Southeast Asian J Trop Med
Public Health 1994; 25:266–71.
17. Artama WT, Agey MW, Donelson JE. DNA comparisons of Trypanosoma evansi
(Indonesia) and Trypanosoma brucei spp. Parasitology 1992; 104( pt 1):67–74.

Human T. evansi in Vietnam

•

CID 2016:62 (15 April)

•

1007

18. Claes F, Radwanska M, Urakawa T, Majiwa PA, Goddeeris B, Büscher P.
Variable surface glycoprotein RoTat 1.2 PCR as a speciﬁc diagnostic tool for
the detection of Trypanosoma evansi infections. Kinetoplastid Biol Dis 2004;
3:3.
19. Njiru ZK, Constantine CC, Masiga DK, Reid SA, Thompson RCA, Gibson WC.
Characterization of Trypanosoma evansi type B. Infect Genet Evol 2006; 6:
292–300.
20. Njiru ZK, Constantine CC. Population sub-structuring among Trypanosoma
evansi stocks. Parasitol Res 2007; 101:1215–24.
21. Desquesnes M, Marc D, Kamyingkird K, et al. Speciﬁc primers for PCR ampliﬁcation of the ITS1 (ribosomal DNA) of Trypanosoma lewisi. Infect Genet Evol
2011; 11:1361–7.
22. Hamilton PB, Adams ER, Malele II, Gibson WC. A novel, high-throughput technique for species identiﬁcation reveals a new species of tsetse-transmitted trypanosome related to the Trypanosoma brucei subgenus, Trypanozoon. Infect Genet
Evol 2008; 8:26–33.
23. Bajyana Songa E, Hamers R. A card agglutination test (CATT) for veterinary use
based on an early VAT RoTat 1/2 of Trypanosoma evansi. Ann Soc Belg Med Trop
1988; 68:233–40.

1008

•

CID 2016:62 (15 April)

•

Van Chau et al

24. Diall O, Bajyana Songa E, Magnus E, et al. Evaluation of a direct serologic card
agglutination test for the diagnosis of camel trypanosomiasis caused by Trypanosoma evansi [in French]. Rev Sci Tech 1994; 13:793–800.
25. Desquesnes M, Bosseno M-F, Brenière SF. Detection of Chagas infections using
Trypanosoma evansi crude antigen demonstrates high cross-reactions with
Trypanosoma cruzi. Infect Genet Evol 2007; 7:457–62.
26. Vanhollebeke B, Lecordier L, Perez-Morga D, Amiguet-Vercher A, Pays E. Human
serum lyses Trypanosoma brucei by triggering uncontrolled swelling of the parasite lysosome. J Eukaryot Microbiol 2007; 54:448–51.
27. Duleu S, Vincendeau P, Courtois P, et al. Mouse strain susceptibility to trypanosome infection: an arginase-dependent effect. J Immunol 2004; 172:6298–303.
28. Cestari I, Evans-Osses I, Schlapbach LJ, de Messias-Reason I, Ramirez MI. Mechanisms of complement lectin pathway activation and resistance by trypanosomatid
parasites. Mol Immunol 2013; 53:328–34.
29. Chessler A-DC, Caradonna KL, Da’dara A, Burleigh BA. Type I interferons increase
host susceptibility to Trypanosoma cruzi infection. Infect Immun 2011; 79:2112–9.
30. Holland WG, Thanh NG, My LN, Do TT, Goddeeris BM, Vercruysse J. Prevalence
of Trypanosoma evansi in water buffaloes in remote areas in northern Vietnam
using PCR and serological methods. Trop Anim Health Prod 2004; 36:45–8.

