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Abstract

Background and Aim: The prevalence of surra in domestic cat is seldom and it is caused by Trypanosoma brucei and
Trypanosoma evansi. However, molecular diagnostic approaches are required owing to similarities in their morphology. In
Yogyakarta, a domestic cat was diagnosed with trypanosomiasis; however, the causative species was undetermined.
Therefore, we aimed to molecularly and biologically identify the isolate.

Materials and Methods: Approximately 1 mL of blood from an infected cat was collected into EDTA tube and separated for
inoculation into donor mice, blood smear, and DNA isolation. Two donor mice was then used for increasing the number of
parasite in order to infect 10 experimental mice. Parasitemia was monitored daily in each experimental mouse by preparing
a wet mount and Giemsa-stained thin blood smear. The blood of experimental mice that reached the peak of parasitemia was
then collected and used for DNA isolation. Each blood sample, which collected from infected cat and experimental mice,
was then isolated and amplified the DNA by polymerase chain reaction using ITS-1. The parasitemia pattern and viability
of the animals were observed to determine the biological characteristics of trypanosomatid, while to assess the molecular
characteristics, the internal transcribed spacer (ITS)-1 amplification was used.

Results: The prepatent period of this trypanosomatid is between 2 and 4 dpi, whereas the life span of mice is approximately
4-10 dpi. Morphologically, the trypomastigote in the cat blood smear had long slender and intermediate shapes. However,
only the long slender form was detected. Among the total of 410 nucleotides (NT) of ITS-1 sequences, 25 NT substitutions
differed between the cat and mouse isolates. Phylogenetic analysis revealed that both samples had a close genetic relationship
with 7. evansi.

Conclusion: Trypanosoma evansi, a highly virulent trypanosomatid, was isolated from a cat in Yogyakarta.
Keywords: bioassay, feline, internal transcribed spacer-1 molecular detection, Trypanosoma evansi.

Introduction lethargy, coarse, dry hair, and fever. During the second
peak of parasitemia, fever is followed by edema in
one part of the eyelid, where the same changes always
occur in every peak infection. Edema in the eyelid is
always followed by corneal opacity, which reverts to
normal with a decrease in the number of trypomastig-
otes in the blood smear. Both eyes eventually become
fully infected after 7-8 peaks of infection, the corneal
opacity transitions into permanent blindness, and the
cat becomes lethargic, less active, and has a reduced
appetite. In severe conditions, there is progressive

The occurrence of trypanosomiasis with nat-
ural infection in cats has seldom been recorded in
the literature because cats are relatively more resis-
tant than other vertebrates; hence, trypanosomiasis is
infrequently [1]. Feline trypanosomiasis in domes-
tic cats has been reported in one case in Canada and
India [1, 2], three cases in Kuwait [3], and seven cases
in Iraq [4]. The infection was caused by Trypanosoma
brucei and Trypanosoma evansi [1-4], both of which
elicit the same clinical symptoms in cats. Corneal

opacity, edema around the eyes and head that continues
into the abdomen, and lacrimation are the most com-
mon manifestations. The appearance of these clinical
symptoms is directly proportional to parasitemia. The
symptoms of parasitemia appeared moderate at the
beginning of the first peak, such as loss of appetite,
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paroxysm and emaciation, which eventually lead to
death [1, 5].

Typically, trypomastigotes of trypanosomes
are spindle-shaped cells with nuclei in the mid-body
and kinetoplasts in the posterior region. This parasite
contains a single flagellum derived from the flagellar
pocket in the posterior body, extends to the anterior
region, and appears as free flagella at the anterior end
body [6]. Trypomastigote morphology can be used to
identify several species of trypanosomes through their
pleomorphic or monomorphic size, location of the
kinetoplast, and shape of the posterior end. However,
some species cannot be distinguished based on the
trypomastigote morphology; these include 7. brucei
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and T. evansi [7]. Trypanosoma brucei has pleomor-
phic trypomastigotes, starting from a short stumpy
form, intermediate, and long slender form, whereas
the trypomastigote of 7. evansi only has a long slen-
der form [8]. However, 7. evansi trypomastigotes can
reportedly be pleomorphic and affected by the growth
phase of the parasite, the host immune response, and
the infected host species [5, 8, 9]. Pleomorphic try-
pomastigotes of 7. evansi have been reported in cats,
monkeys, and one-humped camel blood film [5, 9].
Therefore, a molecular diagnostic approach is required
to distinguish the causative organism. In addition to
the molecular detection of Trypanosoma infection,
polymerase chain reaction (PCR) and DNA sequence
analyses have been widely used to establish a phy-
logenetic connection and to reveal trypanosomatid
inter- and intra-specific genetic variants [4, 10-12].
The biological and genetic diversity and character-
istics of Trypanosoma isolated from various verte-
brates have been thoroughly reported and documented
worldwide; however, information on the biological
and genetic characteristics of feline trypanosomiasis
remains limited.

The internal transcribed spacer (ITS) region
is a valuable target for phylogenetic analysis,
evaluation of evolutionary processes, and deter-
mination of taxonomic identities of protozoa,
including Trypanosoma [13], particularly when
the characteristic of parasite morphology are lim-
ited. These sequences could also be used to identify
intra- and inter-specific variability in Trypanosoma
spp., including 7. brucei brucei, Trypanosoma bru-
cei gambiense, Trypanosoma rangeli, and T. evansi
from various vertebrates in several countries [13—15].
Therefore, this study aimed to identify and character-
ize the trypanosomes which derived from a naturally
infected domestic cat in Yogyakarta, through bioassay
and molecular approachment. The molecular analysis
was based on PCR amplification and ITS-1 sequence
analysis would help provide information about the
trypanosome and estimate its phylogenetic position
among other Trypanosoma spp.

Materials and Methods

Ethical approval

This study was approved by the Ethical Clearance
Committee team of Faculty of Veterinary Medicine,
Universitas Gadjah Mada (Number 0018/EC-FKH/
Int/2020).

Study period and location

This study was conducted from May to October
2020 at Parasitology Laboratory, Faculty of Veterinary
Medicine, Universitas Gadjah Mada.

Trypanosome sample and experimental animals
Blood was obtained from an infected cat diag-
nosed with trypanosomiasis based on the presence
of trypomastigotes on the blood smear. According to
Kurnia et al. [16], the cat showed mild blepharospasm

with hyperlacrimation, conjunctivitis, aqueous flare,
and turbidity in the anterior chamber, which led to
the accumulation of fibrin that was seen floating in
the aqueous humor which was bilaterally progres-
sive. Other clinical changes that appear are decreased
appetite, fever, pale mucosa, dehydration, and the
presence of edema in the submandibular area to the
shoulder. Approximately 1 mL of blood was collected
from the cephalic vein and put into an ethylenedi-
aminetetraacetic acid (EDTA) tube. The collected
blood was then separated for inoculation into donor
mice, blood smear, and DNA isolation.

To boost the number of parasites, two donor mice
[Deutch Democratic Yokohama (DDY) strain] were
used. The infected blood was diluted in physiological
saline solution before being administered intraperi-
toneally in each mouse. Parasitemia was monitored
daily by preparing wet mounts (data not shown). Each
mouse with peak parasitemia (>15 Trypanosoma iden-
tified in one field of view at 10x magnification), was
euthanized by placing them in a CO, chamber. The
infected blood was collected through the cardiac punc-
ture into tubes containing 10% EDTA. The number of
parasites in the blood of donor mice was counted using
a Neubauer chamber and then diluted into 1 x 10* try-
panosomes/mL, with a pH of 8.0 using phosphate-buff-
ered-saline-glucose (PBSG). The dilution results were
then utilized to infect experimental mice.

Ten male DDY strain mice weighing between 25
and 30 g obtained from the Animal House Research
Center of Universitas Gadjah Mada, Indonesia, were
used in this study. The mice were housed in plastic
cages under standard hygienic conditions, with wood
shavings as bedding that was replaced weekly. The
mice were fed twice daily with rat pellets and water
ad libitum. The mice were acclimatized to these con-
ditions for 1 week in the Parasitology Laboratory,
Faculty Veterinary Medicine, Universitas Gadjah
Mada, where the experiments were conducted.
Preliminary data on body weight were collected twice
during the acclimation process before inoculation
with trypanosomes to ensure even distribution in the
body weight of mice (data not shown).

In each experimental mouse, 0.2 mL of 10* try-
panosomes/mL dilution was injected intraperitoneally.
Parasitemia was monitored daily by preparing a wet
mount and Giemsa-stained thin blood smear. Daily
parasitemia progression was categorized as described
by Raina et al. [17]. Mice that reached the peak of par-
asitemia from each group were randomly selected to
euthanize by placing them in a CO, chamber and col-
lecting their blood. The blood sample was then stored
in a refrigerator for further DNA isolation.

DNA extraction and amplification

A Thermo  ScientificGeneJET  Genomic
DNA Purification Kit (Thermo Scientific®, Vilnus,
Lithuania) was used for total DNA isolation from
blood samples according to the manufacturer’s
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instructions. The DNA was stored at —20°C until fur-
ther examination.

Amplification of target gene DN A was performed
by PCR using ITS-1 (F) (5’-ACCT GCAG CTGG
ATCA TTTT-3") and ITS-1 (R) (5’- GCTG CGTT
CTTC AACG AAAT-3’) primers from Budiati [18].
PCR was performed in 25 puL volume, including a
5 uL DNA template; a 12.5 uL of master mix (Go
Taq® Green Master Mix, Promega, Wisconsin, USA);
1 uL of each primer at a 10 pmol; and 5.5 uL ddH,O.
The amplification reactions were as follows: 94°C for
4 min followed by 35 cycles of 94°C for 30 s, 55°C
for 30 s, 72°C for 30 s, and a final extension was 72°C
for 5 min.

Sequencing and phylogenetic analysis

The purified PCR product was sequenced using
first Base Sequencing (Malaysia), and analysis was
performed using the MEGA X program (NCBI, USA).
Subsequently, the sequences were edited, followed
by the multiple alignments of the sequence data in
NCBIGenBank, USA. All nucleotides (NT) were
analyzed to determine genetic relationship using the
Kimura 2-parameter method with 1000 bootstrap
replicates. In addition, phylogenetic analysis was
performed using maximum likelihood to depict the
relationship between the species.

Statistical analysis
Data were analyzed using descriptive statistics.

Results

Biological characteristics

Blood smears from each host demonstrated dif-
ferent trypomastigote morphologies. There were two
shapes, long slender and intermediate forms, of try-
pomastigotes in the feline blood film. Notably, the
average width of the intermediate form (2.8 = 0.1 um)
was approximate twice the width of the slender form
(1.6 £ 0.2 um) despite similar average lengths. In
contrast, the trypomastigotes appear uniformly long
and slender in experience mice blood film. The dif-
ferences in the shape and size of trypomastigotes in
each blood film sample are presented in Figure-1 and
Table-1, respectively.

At 1-4 dpi (average, 2.8 days), the first trypo-
mastigote was observed in wet mounts of experimen-
tal mouse blood or the prepatent period. The peak of
parasitemia occurs between 1-4 days after the first
trypomastigote was identified in the wet mount blood
or within 2—8 dpi. The mice eventually died without
presenting any clinical symptoms. Hence, parasitemia
has just one wave. The progression of parasitemia in
each experimental mouse is shown in Table-2.

Molecular diversity

Among the total of 410 NTs of ITS-1 sequences,
25 NT substitutions differed between the samples. The
locations of the NT variation sequences are displayed
in Figure-2. The BLAST data of cat sample exhibited
92.92% homology with T evansi dog isolate from
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Figure-1: Morphology of trypomastigote in the blood film.
(a) Blood film of infected cat; (b) Blood film of experimental
mice infected with an isolate from the cat; (*) intermediate
form; (+) long slender form.

Table-1: Size of trypomastigote in the blood film of each
sample.

Sample The size of Average (pm)
trypomastigote (pm)
Length Width
A 26.5 1.4 L: 25.2 £ 2.5
26.8 1.5 W: 1.6 £ 0.2
22.3 1.8
A* 29.1 2.8 L: 29.6 £ 1.0
28.9 2.7 W: 2.8+0.1
30.8 2.9
B 17.3 1.8 L: 17 £ 0.5
16.5 1.7 W: 1.8 £ 0.1
17.3 1.8

A=Trypomastigote (slender form) in blood film of infected
cat, A¥*=Trypomastigote (intermediate form) in blood
film of infected cat, B=Trypomastigote in blood film of
experimental mice

India (MN097902), whereas the homology of the
mouse sample was 95.04% with T. evansi buffalo iso-
lates from India (MT225591).

The phylogenetic analysis of the samples
based on the ITS-1 sequence is depicted in Figure-3.
Based on the ITS-1 sequence, both samples were in
the same monophyletic group or clade as T. evansi
(KX870082).

Discussion

Indonesia is a surra-endemic area. In most
cases of surra incidence in Indonesia, the infection
is transmitted to the livestock by biting flies such
as Tabanus spp., Haematopota spp., Chrysop spp.,
Stomoxys spp., and Haematobia spp. [19]; however,
carnivores could also be infected by eating carcasses
of infected animals. Therefore, we initially sus-
pected that the infected cat in our study might have
been infected with 7. evansi. However, we could not
obtain more information about its history because it
was a feral cat. Therefore, we undertook a diagnostic
approach using bioassays and molecular techniques.
Trypomastigotes were detected in two morphologies
in the cat blood film: Intermediate and slender, but
only a long slender blood smear was observed in both
experimental mice.

Misra et al. [5] reported that host differences affect
T. evansi trypomastigote. They will have the pleomorphic
form (slender, intermediate, and stumpy) when infect a
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Table-2: Daily parasitemia progression in experimental mice.

No. of mice Dpi 1 Dpi 2 Dpi 3 Dpi 4 Dpi 5 Dpi 6 Dpi 7 Dpi 8
1 0 0 + ++ ++ +++ ++++ dead
2 0 + + + +++ ++++ dead

3 0 0 + ++++ ++++ dead

4 + ++ +++ +++ ++++ dead

5 0 0 + +++ ++++ dead

6 0 0 + ++ +++ ++++ dead

7 0 + + +++ ++++ dead

8 + + ++ ++++ dead

9 0 + ++ +++ ++++ dead

10 0 0 + + ++ ++++ dead

Dpi=Days post-infection

Trypanosoma (cat) A AAGAGCATTTTTATGCGCATGTATAAATCGCACAGTACGCAACCA AAAA [50]
Trypanesoma (catinmouse) . . . . : = s « [ - = : - « Bl . . 5 i o8 o0 ooson B s s s o - s . s [ 50]
MT225591.1 Trypanosoma evansi . . . . . . . . . /2 B : G ko § b - AR iN. . . . . .. [ 50]
MNO097902.1 Trypanosomaevansi . . . . . . . . . A. .. ... A A . . . - . .. .. . - . . - . . [50]
Trypanosoma (cat) TATACATATATGTTTTACACATGTATGTGTTTATATACGCTGTGAC ACGG [100]
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Trypanosoma (cat) GAAGAGGAGAGGGATGATATACATATTTGTGTTATTTTATATCATGTAT G [150]
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Trypanosoma (cat) T GTGAGAGAGTGTGTGTGTTAATATACTTTTAAACGCATTCTGTACATAA [200]
Trypanosoma (Catin MoUSE) . . . . . . ... e e e e e e e e e e e e e e e i - N .- o3 - . [200]
MT225591.1 Trypanosoma evansi . . . . . - . . I T " . 8. C [200]
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Figure-2: Comparison of the sequences in the ITS-1 region between the samples and the references from GenBank. The

differences between each nucleotide are highlighted.

domestic cat, whereas rodent hosts adopt a monomor-
phic (slender only) form. Pleomorphism is the mani-
festation of metabolic adaptability when the parasite is
against the host immune response in acute infection, and
it fades in chronic infection due to the incapacity of the
host to battle the parasitic burden [5, 20].

In contrast to the incidence in cats, trypanoso-
miasis in mice does not cause any clinical symptoms.
However, death always follows the infection pro-
cess, depending on the mouse strain and the virulence
of the parasite [21, 22]. The virulence of parasites is
their capacity to cause diseases and damage the host.
Subekti et al. [22] and Kamidi et al. [23] reported
that Trypanosoma virulence could be observed based
on its biological characteristics, such as the pattern of
parasitemia and host survival ability, against infection.

Trypanosoma virulence in Indonesia can be classified
into three biotypes. Biotype 1 (high virulence) has a
parasitemia pattern that increases rapidly. Therefore,
the ability of the host to survive infection is likewise
limited (mice die in less than 7 dpi). Biotype 2 (moder-
ate virulence) is characterized by the presence of undu-
lant parasitemia, and mice die 7-15 dpi. In contrast,
biotype 3 (low virulence) is characterized by persistent
parasitemia (mice will die in more than 15 dpi) [22, 24].

In regard to our findings, trypanosomes were
classified as biotype 1 and had high virulence because
they were due to a single wave of parasitemia and
short host survival. Trypanosoma with high virulence
will cause the energetic cost of mounting an immune
response for an already damaged animal to be too
high, resulting in a hyperacute infection process in
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MT225591.1 Trypanosoma evansi (buffalo)

i MW364100.1 Trypanosoma brucei brucei (goat)

= MW364115.1 Trypanosoma brucei gambiense (dog)
— JNG673391.1 Trypanosoma brucei (hyaena)
HQ593646.1 Trypanosoma evansi evansi (water buffalo)
68 || KU552352.1 Trypanosoma equiperdum

* MN097902.1 Trypanosoma evansi (dog)

MT233332.1 Trypanosoma evansi (leopard)
KX870082.1 Trypanosoma evansi
Trypanosoma (cat) @

91 Trypanosoma (cat in mouse)®

AF362829.1 Trypanosoma cruzi

KF805454.1 Trypanosoma caninum

I —
020

Figure-3: Phylogram analysis of internal transcribed
spacer-1 sequences, with maximum likelihood algorithm
using the Kimura parameter, depicting the relationship
between the isolates and the references sequences in
GenBank. ¢Represent isolates in the present study.

which parasitemia will increase rapidly, followed by
death after 10—12 days post-infection, without causing
any clinical changes [21].

Njiru et al. [25] reported that the ITS-1 region
could be used to distinguish trypanosome species
based on product lengths produced by each species of
trypanosomes. However, 7. evansi and T. brucei ITS-1
fragments have the same base pair size [26], and most
of the published data also indicate that the efficacy of
ITS-1 is low for trypanosomes discrimination and less
sensitive [13, 14, 27].

In our study, each sample was similar to several
T. evansiisolates from India and Africa, followed by their
genetic diversity. This is in accordance with the findings
of Sarkhel et al. [28], who stated that the ITS-1 region is
suitable for analyzing the genetic diversity of 7. evansi in
different regions and hosts. Hamilton et al. [29] reported
that the adjustment mechanism for the host (host fitting)
is the primary evolutionary mechanism in 7iypanosoma.
Trypanosoma evansi can adapt to different hosts and
ecologies, giving rise to genetic diversity [30]. Sarkhel
et al. [28] reported that the genetic diversity of 7. evansi
was caused by the co-evolution of the parasite with the
host and vector. Tian et al. [31] and Areekit et al. [14]
demonstrated that the robustness of phylogenetic trees
using the ITS-1 region is low. This may be attribute to
the limited length of the ITS-1 NT sequence; hence,
the entire ITS region was preferable. In contrast to the
previous report, the bootstrap value in the phylogenetic
analysis of this study was relatively high (>50). This
may also be attributed to the limited sequence data of
feline trypanosomiasis in the gene bank. However, the
molecular characteristics of the cat isolate require fur-
ther studies using other sequence data.

Conclusion

We identified 7. evansi infection, which was
obtained from a cat in Yogyakarta; the trypanosome has
high virulence and is included in biotype 1. The genetic

diversity between the samples, as well as in the GenBank
data, might be influenced by the host factors and the
limited length of ITS-1 NT sequence. Due to its rarity,
molecular characteristics must be further elucidated to
facilitate the detection of the parasite at the species scale.

Authors’ Contributions

DP: Managed and supervised the study. AS,
JP, WN, LWF: Collected, recorded, and analyzed
the samples. DP and LWF: Interpreted the data and
drafted and revised the manuscript. All authors have
read, reviewed, and approved the final manuscript.

Acknowledgments

The authors are thankful to the Faculty of
Veterinary Medicine, Universitas Gadjah Mada,
Indonesia, for financial support through Departmental
Research Grant (No.1369/UN1/FKH/HK4/2020).

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Hill, D.H. (1955) Trypanosoma brucei in the cat. Br. Vet. J.,
111(2): 77-80.

2. Shivajothi, S. and Reddy, B.S. (2018) Trypanosoma evansi
infection in cat-a rare case. Comp. Clin. Pathol., 27(1):
115-116.

3. Tarello, W. (2015) Trypanosoma evansi infection in three
cats. Rev. Med. Vet., 156(3): 133—134.

4. Mohammed, N.H., Moosa, D.A. and Altaliby, M.A.M.
(2022) Diagnostic study of trypanosomiasis of cats in
Mosul, Iraq. Open Vet. J., 12(5): 688—692.

5. Misra, K.K., Roy, S. and Choudhury, A. (2016) Biology
of Trypanosoma (Trypanozoon) evansi in the experimen-
tal heterologous mammalian host. J. Parasit. Dis., 40(3):
1047-1061.

6. Zajac, A.M., Conboy, G.A., Little, S.E. and Reichard, M. V.
(2021) Veterinary Clinical Parasitology. 9" ed. John Wiley
and Sons Inc., New Jersey, p231-233.

7. Giordani, F., Morrison, L.J., Rowan, T.G., de Koning, H.P.
and Barrett, M.P. (2016) The animal trypanosomiases and
their chemotherapy: A review. Parasitology, 143(14):
1862-1889.

8. Desquesnes, M., Holzmuller, P., Lai, D.H., Dargantes, A.,
Lun, Z.R. and Jittapalapong, S. (2013) Trypanosoma evansi
and surra: A review and perspectives on origin, history,
distribution, taxonomy, morphology, hosts, and pathogenic
effects. Biomed. Res. Int., 2013: 194176.

9. Khalafalla, R.E. and Al Mawly, J.H. (2020) Biometrical and
morphological description of Trypanosoma evansi among
one-humped camel (Camel dromedarius) in Oman. J. Saudi
Soc. Agric. Sci., 19(5): 326-331.

10. Gaithuma, A.K., Yamagishi, J.,, Martinelli, A.,
Hayashida, K., Kawai, N., Marsela, M. and Sugimoto, C.
(2019) A single test approach for acute and sensitive detec-
tion and taxonomic characterization of Trypanosomes by
comprehensive analysis of internal transcribed spacer-1
amplicons. PLoS Negl. Trop. Dis., 13(2): e0006842.

11.  Mulenga, GM. and Gummow, B. (2022) The detection

Veterinary World, EISSN: 2231-0916

832



Available at www.veterinaryworld.org/Vol.16/April-2023/21.pdf

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

of African trypanosomes in goats reared in tsetse-infested

of pathogenesis. Parasitol. Res., 94(3): 193-200.

villages of Eastern Zambia. Trop. Anim. Health Prod., 22.  Subekti, D.T., Febria, S., Sari, F.R. and Hartiyati, [.N.
54(6): 370. (2012) Mortalitas dan profil hematologi mencit yang diin-
Gaur, R.S., Shanker, D., Sudan, V., Singh, S. and Jadaun, A. feksi Trypanosoma evansi Isolat bangkalan, pemalang, dan
(2021) Associative diversity of ITS-1 gene in different pidie [Mortality and Haematology Profiles of Mice Infected
Trypanosoma evansi isolates of equine origin from Semi- with Trypanosoma evansi from Bangkalan, Pemalang and
Arid India. J. Anim. Res., 11(4): 755-760. Pidie Isolates]. Berita Biol., 12(2): 183—-194.
Kuchareontaworn, S., Singhaphan, P., Viseshakul, N. and 23. Kamidi, C.M., Auma, J., Mireji, P.O. Ndungu, K.,
Chansiri, K. (2007) Genetic diversity of Trypanosoma Bateta, R., Kurgat, R., Ouma, C., Aksoy, S. and Murilla, G.
evansi in buffalo based on Internal Transcribed Spacer (2018) Differential virulence of camel Trypanosoma evansi
(ITS) regions. J. Vet. Med. Sci., 69(5): 487—493. isolates in mice. Parasitology, 145(9): 1235-1242.
Areekit, S.,  Singhaphan, P, Kanjanavas, P, 24.  Sawitri, D.H. and Wardhana, A.H. (2017) Genetic variabil-
Kuchareontwon, S., Sriyapai, T., Pakpitcharoen, A. and ity of ESAG 6/7 gene isolate of Trypanosoma evansi. JITV,
Chansiri, K. (2008) Genetic diversity of Trypanosoma 22(1): 38-50.
evansi in beef cattle based on internal transcribed spacer 25.  Njiru, K.K., Constantine, C.C., Guya, S., Crowther, J.,
region. Infect. Genet. Evol., 8(4): 484-488. Kiragu, J.M., Thompson, R.C.A. and Davila, A.M.R. (2005)
Zangooie, F., Ganjali, M., Keighobadi, M. and Nabavi, R. The use of ITS1 rDNA PCR in detecting pathogenic African
(2018) Molecular detection of Trypanosoma evansi based Trypanosomes. Parasitol. Res., 95(3): 186—192.
on ITS2 rDNA gene in Camelus dromedaries in Sistan 26. Harrera, H.M., Aquino, L.P., Menezes, R.F., Marques, L.C.,
Region, Iran. Trop. Biomed., 35(4): 1140-1147. Moraes, M.A., Werther, K. and Machado, R.Z. (2001)
Kurnia, Wirapratiwi DK, Budhi S, Mulyani GT, Trypanosoma evansi experimental infection in the South
Priyowidodo D. (2021) Akumulasi Fibrin dalam Anterior American coati (Nasua nasua): Clinical, parasitological
Chamber pada Kucing Penderita Tripanosomiasis dan and humoral immune response. Vet. Parasitol., 102(3):
Feline Immunodeficiency Virus (Fibrin Accumulation in 209-216.
Anterior Chamber in Cat with Tripanosomiasis and Feline 27. Suprihati, E., Suwanti, L.T., Yudhana, A. and
Immunodeficiency Virus). JSV. 39(1): 90 — 96. Kusumaningrum, A.l. (2022) Comparison of ITS-1 and
Raina, A.K., Kumar, R., Rajora, V.S., Sridhar and TBR-1/2 primer sensitivity for the detection of 7rypanosoma
Singh, R.P. (1985) Oral transmission of 7Tiypanosoma evansi local isolates in experimental rats using a polymerase
evansi infection in dogs and mice. Vet. Parasitol., 18(1): chain reaction. Vet. World, 15(7): 1772-1778.
67-69. 28. Sarkhel, S.P, Gupta, S.K., Kaushik, J., Singh, J.,
Budiati, R.T. (2020) Deteksi dan Identifikasi Molekuler Gaur, D.K., Kumar, S. and Kumar, R. (2017) Molecular
Trypanosoma evansi Pada Masa Karantina Kerbau di characterization of internal transcribed spacer-1 (ITS-1)
Pulau Flores dan Sumba, Nusa Tenggara Timur. Fakultas region of different Trypanosoma evansi isolates of India. J.
Kedokteran Hewan Universitas Gadjah Mada, Yogyakarta, Parasit. Dis., 41(2): 527-533.
p44—47. 29. Hamilton, P.B., Gibson, W.C. and Stevens, J.R. (2007)
Aregawi, W.G., Agga, G.E., Abdi, R.D. and Biischer, P. Patterns of co-evolution between trypanosomes and their
(2019) Systematic review and meta-analysis on the global hosts deduced from ribosomal RNA and protein-coding
distribution, host range, and prevalence of Trypanosoma gene phylogenies. Mol. Phylogenet. Evol., 44(1): 15-25.
evansi. Parasit. Vectors, 12(1): 67. 30.  Pourjafar, M., Badiei, K., Sharifiyazdi, H., Chalmeh, A., Naghib,
Silvester, E., McWilliam, K.R. and Matthews, K.R. (2017) M., Babazadeh, M. and Alavi, A.M. (2013) Genetic character-
The cytological events and molecular control of life cycle ization and phylogenetic analysis of Trypanosoma evansi in
development of Trypanosoma brucei in the mammalian Iranian dromedary camels. Parasitol. Res., 112(2): 899-903.
bloodstream. Pathogens, 6(3): 29. 31. Tian, Z., Liu, G., Xie, J., Shen, H., Zhang, L., Zhang, P.
de Menezes, V.T., Queiroz, A.O., Gomes, M.A.M., and Luo, J. (2011) The internal transcribed spacer-1
Marques, M.A.P. and Jansen, A.M. (2004) Trypanosoma (ITS-1), a controversial marker for the genetic diversity of
evansi in inbreed and Swiss-Webster mice: Distinct aspects Trypanosoma evansi. Exp. Parasitol., 129(3): 303-306.
shoskoskoskskokoskok

Veterinary World, EISSN: 2231-0916

833



