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Abstract

Background: Trypanosoma equiperdum causes dourine via sexual transmission in Equidae. T. equiperdum is classified
under the subgenus Trypanozoon along with the T. brucei sspp. and T. evansi; however, the species classification of
Trypanozoon remains a controversial topic due to the limited number of T. equiperdum reference strains. In addition, it
is possible that some were misclassified T. evansi strains. Thus, there is a strong need for a new T. equiperdum strain
directly isolated from the genital mucosa of a horse with a clinically- and parasitologically-confirmed dourine infection.

Methods: Trypanosomes isolated from the urethral tract of a stallion with suspected dourine, were directly cultivated
using soft agarose media at 37 °C in 5 % CO,. For molecular characterization, 18S ribosomal RNA (rRNA) gene, the
internal transcribed spacer (ITS) and 8 maxicircle DNA regions were amplified by a PCR and their sequences were
determined. To analyze the ratio of the kinetoplastic/akinetoplastic population, the kinetoplasts and the nuclei of
trypanosomes were subjected to Hoechst staining and observed by fluorescence microscopy.

Results: In addition to the clinical symptoms and the molecular diagnosis, this stallion was definitively diagnosed with
dourine by the detection of trypanosomes in the urethral mucosa. These results strongly suggested that the isolated
trypanosome was true T. equiperdum. T. equiperdum isolated from the urethral tract was adapted in vitro using soft
agarose media. Based on the results of a phylogenetic analysis of 185 rRNA and ITS, this T. equiperdum isolate was
classified into the Trypanozoon clade. In a PCR of the maxicircle DNA region, only NADH-dehydrogenase subunits 4
and 5 was amplified. Clear kinetoplasts were observed in most of the T. equiperdum isolates. In contrast, most culture-
adapted T. equiperdum were of the akinetoplastic form.

Conclusion: We concluded that our isolated trypanosome was the first confirmed case of T. equiperdum in Mongolia
and named it “T. equiperdum WM-t1". T. equiperdum IVM-t1 was well adapted and propagated in soft agarose media,
which indicates that this culture method is useful for isolation of T. equiperdum from horses with dourine.
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Background

Dourine is caused by Trypanosoma equiperdum of the
subgenus Trypanozoon. Unlike other trypanosomes,
dourine is not transmitted by insect vectors; rather, it is
transmitted by the infected horse via coitus. Thus, dour-
ine has previously been distributed worldwide [1].

Subgenus Trypanozoon includes three subspecies of 7.
brucei. (T. brucei brucei, T. b. gambiense and T. b. rhode-
siense), T. evansi and T. equiperdum. T. brucei, T. evansi
and T. equiperdum have been classified based on their
kinetoplast DNA (kDNA) components: 7. brucei con-
tains complete maxicircle KkDNA, T. evansi completely
lacks maxicircle kDNA, while the integrity of the maxi-
circle kDNA of T. equiperdum varies in each strain.
Nevertheless, its classification within the subgenus Try-
panozoon remains a controversial topic because it has
been hypothesized that a very close evolutionary rela-
tionship exists among the trypanosome species of Try-
panozoon [2, 3]. Moreover, many of 7. equiperdum
strains were isolated over 50 years ago, and it was hy-
pothesized that some of the isolates were misclassified
T. evansi strains [3]. Some of the new T. equiperdum
strains were recently isolated in Italy and Ethiopia from
horses with suspected dourine infections [4, 5]. However,
these T. equiperdum strains were not directly isolated
from the genital mucosa (the primary site of infectious
lesions of T. equiperdum). Instead, they were isolated
from udder secretion samples or jugular venous blood.
Thus, new T. equiperdum strains that are directly iso-
lated from the infectious lesions of horses with clinic-
ally- and parasitologically-confirmed dourine have long
been needed for further studies on T. equiperdum and
dourine.

Previous reports have shown the prevalence of equine
trypanosomosis in Mongolia and Kazakhstan to be 6-8 %
and 16.8 %, respectively [6, 7]. However, these reports did
not identify the causative species because it is very difficult
to distinguish 7. equiperdum from T. evansi using sero-
logical diagnostic techniques. On the other hand, the
re-emergence of dourine was reported in Italy in May
2011 when the characteristic symptoms of dourine
(e.g. paralysis of the lip, edema of the vulva and cutaneous
wheals) were observed in a number of horses [8]. A sero-
logical test revealed that approximately 0.5 % of the
equine population was diagnosed as dourine-positive by
CFT, moreover, dourine positivity (based on the case def-
inition) has been confirmed in 0.03 % of all horses [9].
Moreover, trypanosomes were observed in the skin lesions
and were isolated from infected horses by intrascrotal
inoculation [5].

Our ongoing epidemiological research suggests high
prevalence of trypanosomoses in horses in Mongolia. In
the present study, dourine was diagnosed parasitologically
via the detection of T. equiperdum in the urethral tract of
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a stallion with the characteristic clinical symptoms. More-
over, we established a new true 7. equiperdum strain that
was isolated from the urethral tract of a dourine-infected
stallion. Furthermore, we used a PCR to molecularly
characterize this new strain of 7. equiperdum.

Methods

The identification of the stallion with suspected dourine
The brown-colored 7-year-old stallion was bred in an
equestrian farm in T6v aimag in Mongolia. It was sus-
pected of being infected with dourine based on the pres-
ence of slight paraphimosis and edema in the genital
organ (Fig. la and b). The blood parameters (white
blood cell [WBC], red blood cell [RBC], hemoglobin
[HGB], hematocrit [HCT], mean corpuscular volume
[MCV], mean corpuscular hematocrit [MCH], mean cor-
puscular hemoglobin concentration [MCHC], and plate-
let [PLT] count) were measured using a Celltac a (Nihon
Khoden, Tokyo, Japan); while the measurement of the
blood chemistry parameters (alkaline phosphatase
[ALP], alanine transaminase [ALT], aspartate amino-
transferase [AST], albumin, total protein, total choles-
terol, bilirubin, blood urea nitrogen [BUN], creatinine,
and amylase) was outsourced (Table 1). Molecular diag-
noses were then performed using DNA extracted from
the blood and serum of the stallion by a KIN-PCR, a
complement fixation test (CFT), a recombinant 7. evansi
GM6-4r antigen-based immunochromatographic test
(ICT) and an enzyme-linked immunosorbent assay
(ELISA) [10-13]. The collected cerebrospinal fluid (CSF)
was centrifuged to concentrate the trypanosomes. Try-
panosomes in the sediment of the CSF and in the blood
were observed by the wet blood film method. Parasit-
emia in the blood was estimated using Herbert & Lums-
den’s method [14].

Isolation and cultivation of T. equiperdum in vitro
To isolate T. equiperdum from the urethral tract of the
stallion, Hirumi’s modified Iscove’s medium-9 supple-
mented with 20 % heat-inactivated adult horse serum
(HMI-9) [15] was injected into the urethral tract of the
stallion with a suspected dourine infection to detach T.
equiperdum from the urethral tract mucosa (Fig. 1c).
Subsequently, T. equiperdum was sampled from the ur-
ethral tract mucosa using a cotton swab (Fig. 1d). The T.
equiperdum specimens from the urethral tract mucosa
were smeared on slide glasses, fixed with 100 % methanol
and stained with Giemsa for microscopic observation. The
major axis of isolated T. equiperdum was measured using
a Nikon Eclipse Ci microscope and the Nice D software
program (Nikon Corporation, Tokyo, Japan).

The T. equiperdum isolates from the urethral tract
were centrifuged with HMI-9 media at 3000x g for
10 min at room temperature. The pellets containing 7.
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Fig. 1 The swelling of the genital organ of the dourine-infected stallion and sampling of trypanosomes from the urethral tract. a and b The swell-
ing of the genital organ of the dourine-infected stallion. ¢ HMI-9 was injected into the urethral tract using a transfer pipette to detach adherent T.
equiperdum from the urethral tract mucosa. d Sampling of T. equiperdum from the urethral tract mucosa using a cotton swab

A\

equiperdum and urethral mucosa cells were washed
twice with HMI-9. Finally, T. equiperdum suspended in
HMI-9 was spread on soft agarose media (HMI-9 with
0.8 % low gelling agarose [Type VII, Sigma-Aldrich
Japan, Tokyo, Japan]) at 37 °C in 5 % CO,. Culture-
adapted T. equiperdum specimens were cryopreserved in

Table 1 The clinical symptoms, blood parameters and blood
chemistry of the dourine-infected stallion

Clinical symptoms  Slight edema in the genital organ

Slight paraphimosis

A large amount of smegma around the penis
Small skin lesion

Slight anemia

WBC: 129 x10° cells/ul (slightly high)

RBC: 632 x10° cells/ul (slightly low)

HGB: 10.6 g/dl (slightly low)

HCT: 30.9 % (slightly low)

Other parameters: normal (MCV, MCH, MCHC, PLT)

Normal (ALP, ALT, AST, albumin, total protein, total
cholesterol, bilirubin, BUN, creatinine, amylase)

Blood parameters

Blood chemistry
parameters

Swab of the urethral tract mucosa: a lot of
trypanosomes

Parasitemia

Blood: < 2.5 x 10° cells/ml® (1 trypanosome per
500 fields; magnification 400x)

Cerebrospinal fluid: relatively a lot of
trypanosomes in sediment

Parasitemia was estimated using Herbert & Lumsden's method [14]

horse serum supplemented with 10 % dimethyl sulfoxide
at -80 °C.

DNA extraction

Total DNA of T. equiperdum was extracted and purified
using TE-saturated phenol (Sigma-Aldrich, Japan) and
phenol-chloroform-isoamyl alcohol solution (Sigma-
Aldrich, Japan) [16]. Purified DNA was kept at -30 °C until
use.

PCR amplification and phylogenetic analysis of 185

rRNA gene and ITS

The 18S ribosomal RNA (18S rRNA) gene and the in-
ternal transcribed spacer (ITS) region of the Mongolian
isolate and the reference strains of T. equiperdum (the
total DNA of the STIB818, STIB841, STIB842 and
BoTatl.1 strains were all kindly provided by Dr. Zhao-
Rong Lun of Sun Yat-Sen University in the People’s Re-
public of China) were amplified and cloned into the
pCR 2.1 cloning vector (Thermo Fisher Scientific
K.K., Tokyo, Japan), and the sequences were analyzed
using an ABI3100 genomic analyzer (Thermo Fisher
Scientific KK.) [17]. In addition to these 7. equiper-
dum sequence data, the reference sequences from the
NCBI database (T. brucei [Accession No. AC012647.18],
T. b. rhodesiense [A]J009142], T. b. gambiense [FN554966.1
and AJ009141] and T. evansi [AB551922.1, AY912277,
AY912279 and D89527.1]) were included in the phylogen-
etic analyses. The phylogenetic analyses of the 18S rDNA
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and ITS regions were performed using the neighbor-
joining method using the MEGA 7 software program.

Maxicircle kDNA characterization

The target loci on the maxicircle genes were amplified
from the total DNA of the Mongolian 7. equiperdum
isolate. In addition, the total DNA from 7. b. brucei
GUTat3.1, T. evansi 1L3960 and T. equiperdum STIB818,
STIB841, STIB842 and BoTatl.1 were used for maxicir-
cle gene amplification in order to compare the maxicir-
cle kinetoplast DNA (kDNA) sequences among the
trypanosome species. The primer sequences for each of
the target loci on the maxicircle gene have been de-
scribed previously (Additional file 1: Table S1) [18]. The
amplicons were cloned into pCR 2.1 cloning vector
(Thermo Fisher Scientific K.K.), and the sequences were
analyzed using an ABI3100 genomic analyzer (Thermo
Fisher Scientific K.K.).

The measurement of kinetoplastic and akinetoplastic T.
equiperdum population

Culture-adapted T. equiperdum and T. equiperdum that
were directly obtained from the urethral tract and CSF
of an infected stallion were spread over glass slides
printed with highly water-repellent marking (Matsunami
Glass Ind., Ltd., Tokyo, Japan), air-dried, and fixed with
100 % methanol for 10 min at room temperature. The
specimens were blocked with 5 % skim milk in TBS
supplemented with 0.05 % tween for 1 h at room
temperature. The specimens were then incubated with
a primary antibody (anti-recombinant T. congolense a-
tubulin serum) [19]. Next, the slides were incubated
with a secondary antibody (Alexa Fluor 488 goat anti-
rabbit IgG [H + L], Thermo Fisher Scientific K.K.) with
Hoechst 33342 (Dojindo, Co. Ltd., Kumamoto, Japan).
The specimens were observed by confocal laser scan-
ning microscopy (Leica TCS SP5, Leica Microsystems,
Wetzlar, Germany).

Results

T. equiperdum isolated from the urethral tract of the
dourine-infected stallion

Dourine was suspected based on the swelling of the
genital organ, slight paraphimosis, a large amount of
smegma and a small skin lesion on the stallion (Fig. la
and b). In addition, slight anemia was suggested based
on a hematological examination (Table 1). Moreover, the
CFT, ICT and ELISA results strongly suggested a tryp-
anosome infection (data not shown). However, these
molecular diagnostic methods were not capable of differ-
entiating between T. equiperdum and T. evansi. Thus,
we could not eliminate the possibility of a T. evansi in-
fection (Surra) based on these results. In addition to sus-
pecting dourine based on the clinical symptoms and the
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molecular diagnostic results, actively moving trypano-
somes were detected from the mucosa of the urethral
tract by microscopy. Moreover, the parasitemia in the
blood was very low, while that in the sediment of the
CSF was relatively high (Table 1). We therefore concluded
that this stallion was infected with T. equiperdum. The
microscopic observation of Giemsa-stained trypanosomes
was used for the morphological characterization of the 7.
equiperdum isolate of the naturally infected stallion. Ki-
netoplasts were clearly stained and observed in all of the
trypanosomes. Single-form and dividing-form (2K1N and
2K2N) trypanosomes with a free flagellum were observed
(Fig. 2). The major axis of the trypanosomes was 26.4 +
3.1 um (mean + standard deviation, n = 27).

Culture adaptation of the T. equiperdum isolate

T. equiperdum isolated from wurethral tract of the
dourine-infected stallion was directly transferred into an
in vitro culture. They were adapted in a soft agarose
media culture system. Unlike the culturing of other
bloodstream-form trypanosomes, the primary culture of
isolated T. equiperdum could not be successfully propa-
gated in HMI-9 liquid media. The parasites were found
to be attached and actively moving on the surface of soft
agarose media (Additional file 2: Movie 1). Some of
them invaded the soft agarose and propagate under the
surface of soft agarose during cultivation. Unlike T. bru-
cei, they could not form colonies on the surface of soft
agar [20]. This new culture-adapted T. equiperdum
strain was named, “IVM-tl (T. equiperdum isolated in
the Institute of Veterinary Medicine from Toév aimag
dourine horse no. 1), 2015.”

Phylogenetic analyses

The phylogenetic relationships were inferred from a
comparison of the 18S rRNA and ITS sequences of T.
equiperdum and other Trypanozoon. Like the other T.
equiperdum strains, the newly isolated T. equiperdum
IVM-tl1 strain belonged to the Trypanozoon clade
(Additional file 3: Figure S1).

T. equiperdum IVM-t1 strain lacks maxicircle integrity

Eight PCRs targeting the maxicircle genes were per-
formed to compare the maxicircle integrity among the
Trypanozoon parasites. The maxicircle PCR of T. evansi
1L3960, T. brucei GUTat3.1 and T. equiperdum STIB818,
STIB841, STIB842 and BoTatl.1 strains (as the reference
strains) showed the same results as previous reports
(Table 2) [18]. On the other hand, only NADH-
dehydrogenase subunits 4 and 5 (ND4-ND5) was ampli-
fied in T. equiperdum IVM-t1 strain (Table 2, Fig. 3 and
Additional file 3: Figure S2). The PCR signal of ND4-ND5
in the T. equiperdum IVM-t1 strain was somewhat weaker
than the ND4-ND5 signals of the other trypanosomes.
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Fig. 2 Giemsa-stained T. equiperdum isolated from the urethral tract of the dourine-infected stallion. a and b (1K1N) show the single form of T.
equiperdum. ¢ (2K1N) and d (2K2N) show the dividing form of T. equiperdum. Arrow: nucleus; arrowhead: kinetoplast
.

Sequence analyses showed that the other bright PCR
bands (e.g. around the 1.5 kbp band in lane 3 of
Additional file 3: Figure S2-A) were not the maxicircle tar-
get genes.

The majority of the culture-adapted T. equiperdum

IVM-t1 strain population was akinetoplastic after
long-term in vitro cultivation

Kinetoplasts were clearly observed in almost all of the T.
equiperdum specimens from the urethral tract by
Giemsa and DNA staining (1 out of 160 [0.63 %] trypano-
somes were akinetoplastic) (Figs. 2 and 4a). In addition,
akinetoplastic T. equiperdum accounted for a minor part
of the trypanosome population in the CSF (6 out of 326

Table 2 Summary of the maxicircle PCR results

[1.84 %] of the trypanosomes were akinetoplastic). On the
other hand, kinetoplasts were not observed in most of the
culture-adapted from T. equiperdum IVM-tl strain (480
out of 500 [96.0 %] trypanosomes were akinetoplastic)
(Fig. 4b).

Discussion

T. equiperdum is a cosmopolitan trypanosome that
causes dourine via sexual transmission in the Equidae.
The phylogenetic relationships of the subgenus Trypano-
zoon (T. brucei sspp., T. evansi and T. equiperdum) have
been unclear, and serological methods for differentially
diagnosing the various Trypanozoon trypanosomes have
not been established due to the lack of information about

Target locus® T. b. brucei T. evansi T. equiperdum
GUTat3.1 IL3960 IVM-t1 STIB818 STIB841 STIB842 BoTat1.1

NAD7 p N N N P p p
Cox2 P N N N P P p
A6 P N N N P P P
12S rRNA P N N P P P P
ND7-CyB p N N N P p p
MURF1-ND1 P N N N P P p
MURF2-Cox1 p N N N P p p
ND4-ND5 p N P p P P p

All of the PCR product sequences were confirmed by a sequence analysis and the NCBI BlastN software program

Abbreviations: P Positive, N Negative

?NAD7, NADH-dehydrogenase subunit 7; Cox2, Cytochrome oxidase subunit 2; A6, ATPase subunit 6; 12S rRNA, 125 ribosomal RNA; ND7-CyB, NADH-dehydrogenase
subunit 7-cytochrome b; MURF-ND1, Maxicircle unknown reading frame-NADH dehydrogenase subunit 1; MURF2-Cox1, Maxicircle unknown reading frame
2-cytochrome oxidase subunit 1 and ND4-ND5, NADH-dehydrogenase subunits 4-5
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<« 1515bp

Fig. 3 The PCR to detect NADH-dehydrogenase subunits 4 and 5
(ND4-ND5). A gel electrophoresis image of the PCR products of
NADH-dehydrogenase subunits 4 and 5 (ND4-ND5). The arrowhead
at 1515 bp indicates the amplicon of ND4-ND5 in lanes 1 and 3
to 7. M: 100 bp and 1 kbp DNA ladders, Lanes 1 to 8 are T. b.
brucei GUTat3.1, T. evansi 1L3960, T. equiperdum IVM-t1, STIB818,
STIB841, STIB842, BoTat1.1 strains and a negative control (distilled
water), respectively

the T. equiperdum genome. Many of the T. equiperdum
strains were isolated more than 50 years ago [3]. Recently
new T. equiperdum strains were isolated from horses with
suspected dourine in Italy and Ethiopia [4, 5]. However,
these T. equiperdum strains were not directly isolated
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from the genital mucosa (infectious lesion of 7. equiper-
dum). In the present study, we isolated T. equiperdum
from the urethral tract of a dourine-infected stallion and
established a new culture-adapted 7. equiperdum strain.
Moreover, we conducted the molecular characterization
of this T. equiperdum strain based on the 18S rRNA, ITS
and maxicircle gene sequences.

In addition to the clinical symptoms that led us to sus-
pect dourine and the results of the molecular diagnosis,
live trypanosomes were observed on a wet smear from
the urethral tract mucosa of one stallion in Mongolia
(Table 1). Moreover, trypanosomes were detected in the
blood (< 2.5 x 10° cells/ml) and CSF (relatively high
parasitemia was observed in the sediment) (Table 1). Al-
though T. equiperdum mainly parasitizes in the tissue, it
is rarely observed in the bloodstream of horses with
chronic infection [1]. We therefore concluded that this
stallion was infected with 7. equiperdum. Since the
dividing-form and actively moving trypanosomes were
observed, it was concluded that T. equiperdum parasites
were propagating in the urethral tract mucosa and that
they caused dourine in this stallion (Fig. 2). Our ongoing
surveillance project in Mongolia also revealed Surra
epidemics in other domestic animals (data not shown).
Previous reports showed that Tabanus spp. were trapped
in Hustai National Park, Mongolia [21]. These results in-
dicated that the Tabanus spp. that can transmit 7. evansi
can be found in Mongolia. Although the parasitemia was

a

Nucleus & Kinetoplast a-tubulin Merge

Fig. 4 Akinetoplastic and kinetoplastic T. equiperdum in wild-type and in vitro culture. a T. equiperdum isolated from the urethral tract. Upper
panel, akinetoplastic form; middle and lower panels, kinetoplastic form. b Kinetoplastic and akinetoplastic T. equiperdum in vitro culture.
Arrow: nucleus; arrowhead: kinetoplast

b

Nucleus & Kinetoplast a-tubulin Merge
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very low, T. equiperdum parasitized the bloodstream in
this infected stallion. We therefore could not completely
exclude the possibility of the mechanical transmission of
T. equiperdum due to blood sacking by the Tabanus spp.

Isolated 7. equiperdum parasites were adapted and pro-
liferated well using HMI-9 soft agarose media as a primary
trypanosome culture (Additional file 2: Movie 1). While
isolated, T. equiperdum could not be propagated in HMI-
9 liquid media in primary trypanosome cultures. Further-
more, unlike 7. brucei, to proliferate on the surface of the
soft agarose media, T. equiperdum invaded the surface of
soft agarose media but could not form colonies [20]. After
the infection of the genital mucosa via coitus, T. equiper-
dum invade the tissue and parasitize in the blood, lymph,
CSF and sub-cutaneous lesions [5]. These results suggest
that the soft agarose media mimics the natural environ-
ment of the host genital mucosa. Thus, the isolated T.
equiperdum were well adapted and proliferated using soft
agarose media but did not adapt in liquid media. This
culture system will be useful for the future isolation of T.
equiperdum from dourine-infected horses in the field.

A phylogenetic analysis using 18S rRNA and the ITS
region revealed that, along with the other T. equiperdum
strains, the T. equiperdum IVM-t1 strain was a member
of the Trypanozoon clade (Additional file 3: Figure S1).
T. equiperdum and T. evansi were hypothesized to have
independently evolved from ancestral 7. brucei at least
four times [22, 23]. Thus, T. equiperdum is a polyphyl-
etic group and, based on the results of a previous gno-
mic analysis, is considered to be a subspecies of T.
brucei. However, Desquesnes et al. [24] suggested that T.
equiperdum and T. evansi should keep their current spe-
cies status based on the significant biological and para-
sitical differences between these species. A RoTat 1.2
VSG PCR, which was performed to analyze the sequence
of the amplicon, was negative (data not shown).
Moreover, only NADH-dehydrogenase subunit 4 and
5 (ND4-ND5) was amplified in the maxicircle of this
strain of T. equiperdum (Table 2 and Fig. 3). The majority
of the culture-adapted 7. equiperdum IVM-tl strain
population was composed of akinetoplastic-form parasites;
thus, the weak ND4-ND?5 signal was caused by the small
amount of maxicircle template DNA because of the small
population in kinetoplastic culture-adapted 7. equiperdum
IVM-tl. The results of this molecular analysis also sup-
ported that this isolated trypanosome was 7. equiperdum.

Many of the akinetoplastic Trypanozoon trypanosome
strains have been established from a parental kinetoplastic
strain by the supplementation of DNA binding drugs or
RNA interference during in vitro culture [25]. The pre-
dominance of the akinetoplastic 7. evansi and T. equiper-
dum population was also induced from a kinetoplastic
parental trypanosome by long-term aseptic cultivation
[26]. In the present study, the T. equiperdum IVM-tl
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strain was cultivated without any drug supplementation
based on the intention to remove kinetoplasts from the
kinetoplastic parental T. equiperdum over a one-year
cultivation period. However, the majority of the popu-
lation (96.0 %) in culture-adapted T. equiperdum
IVM-t1 strain was akinetoplastic-form, despite akine-
toplastic 7. equiperdum being a minority population
in the parental 7. equiperdum population (0.63 %)
(Fig. 4). We cannot conclude that the predominance
of akinetoplastic forms in the culture-adapted T. equi-
perdum IVM-tl strain were simply selected from par-
ental akinetoplastic 7. equiperdum, which was the
minority population in the urethral tract, or induced
rapid kinetoplast loss from the parental kinetoplastic
T. equiperdum during long-term in vitro cultivation
without any drug supplementation. The rapid loss of
kinetoplasts in culture-adapted T. equiperdum IVM-tl
strain might be due to the acquisition of a rapid pro-
liferative potential in the culture, similarly to the pro-
liferation of unregulated cancer cells in the host [27].
T. equiperdum is usually distinguished from T. evansi
by an analysis of the kDNA (by a PCR); however, it was
not possible to detect dyskinetoplastic T. equiperdum
strains (such as the culture-adapted 7. equiperdum
IVM-tl strain) by an analysis of the kDNA. Other
species-specific markers are therefore expected to be
useful for the definitive diagnosis of Trypanozoon in-
fections. We performed a further comparative whole
genomic analysis and transcriptome analysis using a
next generation sequencing technique to compare the
T. equiperdum IVM-tl strain with other Trypanozoon
species. Based on these results, we intend to develop
T. equiperdum-specific PCR methods and serodiag-
nostic methods that can be used to definitively diag-
nose Trypanozoon infections and reveal the evolution,
origin and pathogenic effects of Trypanozoon.

Conclusions

In conclusion, we successfully isolated T. equiperdum
from the urethral tract mucosa of a dourine-infected stallion
with characteristic clinical symptoms using soft agarose
media. We therefore propose that this 7. equiperdum IVM-
tl strain is a new 7. equiperdum reference strain. Whole
genome and transcriptome analyses using this new reference
T. equiperdum strain are expected to reveal the phylogenetic
relationship between Trypanozoon and to be useful in the
development of novel methods for diagnosing dourine.

Additional files

Additional file 1: Table S1. The PCR primers used in the present study.
(DOCX 25 kb)

Additional file 2: Movie 1. Culture-adapted T. equiperdum IVM-t1 were
proliferated on the surface of soft agarose media. (M4V 8770KB)
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Additional file 3: Figure S1. The phylogenetic tree of the 185 rRNA
and ITS region. A phylogenetic analysis was performed using the T.
equiperdum IVM-t1, SITB818, STIB841, STIB842, BoTat1.1, T. evansi Tansui
(Accession No. D89527.1), Cairo (AB551922.1), KAI.2 (AY912277), Sam.2
(AY912279.1), T. brucei TREU927 (AC012647), T. b. gambiense DAL972
(FN554966.1), T. b. gambiense Tsuua (AJO09141) and T. b. rhodesiense Utro
(AJ009142) sequences. A: A phylogenetic tree based on the 18S rRNA
sequence. B: A phylogenetic tree based on the ITS sequence. Figure S2.
The maxicircle PCR of the Trypanozoon species. Gel electrophoresis
images of the PCR products are shown in A to G, NADH-dehydrogenase
subunit 7 (NAD7; 383 bp), Cytochrome oxidase subunit 2 (Cox2; 1747 bp),
ATOas subunit 6 (A6; 299 bp), 125 ribosomal RNA (125 rRNA; 1597 bp in
T. b. brucei GUTat3.1 strain and T. equiperdum STIB818 strain, 1415 bp in T.
equiperdum STIB841, STIB842, BoTat1.1 strains, respectively), NADH-
dehydrogenase subunit 7-cytochromeB (ND7-CyB; 1450 bp), Maxicircle
unknown reading frame-NADH dehydrogenase subunit 1 (MURF-ND1;
1779 bp) and Maxicircle unknown reading frame 2-cytochrome oxidase
subunit 1 (MURF2-Cox1; 1551 bp), respectively. M: the 100 bp and 1 kbp
DNA ladders; Lanes 1 to 8 show T. b. brucei GUTat3.1, T. evansi 13960, T.
equiperdum IVM-t1, STIB818, STIB841, STIB842, BoTat1.1 strains and
negative control (distilled water), respectively. (PPTX 164 kb)
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