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Abstract
Background and Aim: Surra is caused by Trypanosoma evansi. The detection method using conventional parasitological 
tests has not always shown positive results in blood parasite detection, although the livestock has presented with clinical 
signs. Therefore, a fast and accurate diagnosis is necessary to prevent the disease predominately in field isolates. This study 
aimed to investigate the sensitivity of molecular detection method using two different specific primers, namely, Internal 
Transcribed Spacer 1 (ITS-1) and Trypanosoma brucei repeat 1/2 (TBR-1/2) against T. evansi field isolates from Banten 
Province, Indonesia.

Materials and Methods: The isolates of T. evansi used in this study were collected from Banten Province and cultured and 
preserved by the National Research Center for Veterinary Science, Indonesia. Eighteen experimental rats were divided into 
three equal groups, which were categorized as control, 1 × 101, and 1 × 104 infective doses. The isolates were injected into 
all experimental albino rats intraperitoneally. All samples were tested using conventional blood smear, card agglutination 
test (CATT), and polymerase chain reaction (PCR) method.

Results: The results of the CATT examination in all treatments showed negative results. However, PCR results showed that 
two different primers, namely, ITS-1 and TBR-1/2 had been successfully detected T. evansi from infected experimental rats, 
proven by positive PCR band appeared in 480 base pairs (bp) and 164 bp, respectively.

Conclusion: Based on the molecular diagnostic test using PCR method, TBR-1/2 primer is more sensitive to detect T. evansi 
compared to ITS-1 primer. The present finding provides preliminary data for studying the efficiency of different primers if 
practically applied as a standard diagnostic test for trypanosomiasis, especially in Indonesian livestock.
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Introduction

Trypanosoma evansi is a major parasite globally 
known to cause trypanosomiasis or surra disease in 
cattle that occur throughout subtropical and tropical 
regions, including Indonesia [1–3]. T. evansi infection 
is mechanically transmitted to the host by several spe-
cies of hematophagous flies. Disease manifestations 
as observed in the field include acute, subacute, and 
chronic stages, which depend on the virulence of the 
parasite strain as well as the susceptibility of the host. 
Genetic variations in T. evansi differ in their pathoge-
nicity and biological life cycle, as indicated by param-
eters such as drug sensitivity and virulence against the 
host [4, 5]. Various methods have been developed to 

diagnose surra, including parasitological, serologi-
cal, and molecular tests [6]. The parasitological test 
(blood detection in the host) is categorized as the gold 
standard diagnostic test and is often used in Asian 
countries such as Iran and India [7, 8]. However, the 
detection of T. evansi using a parasitological test can 
be used only when there is 60–300 Trypanosoma/mL 
blood [9], which makes it unsuitable for early detec-
tion of the disease. Therefore, reaching the number 
of Trypanosoma infection doses will take a long time 
to be detected. Serological tests can be performed to 
detect antibody levels in blood serum; however, there is 
not as specific as there is a high probability of antibody 
cross-reactivity among other Trypanosoma species. 
Moreover, serological tests cannot differentiate between 
acute infections and residual antibodies from previ-
ous infections [10]. Polymerase chain reaction (PCR) 
tests can be used to detect the presence of T. evansi in 
blood as they enable rapid and accurate confirmation 
of results. The success rate of PCR depends on the use 
of specific primers. However, the sensitivity of PCR is 
often low when used against field isolates [11].
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The prevalence of surra in developing countries 
such as Indonesia is detrimental to farmers and the 
government. Therefore, a rapid and accurate diag-
nosis is essential for early detection and is required 
to control the disease [12]. In the field, a molecular 
method, such as PCR using the ITS-1 primer, can 
detect the presence of T. evansi. The ITS-1 primer 
can be used as the primary standard for detecting the 
presence of Trypanosoma parasites in the host DNA. 
This is because the ITS-1 primer is detectable in the 
genus Trypanosoma [13, 14]. However, a more spe-
cific primer is needed to detect T. evansi at the species 
level to diagnose the disease. The primer TBR-1/2 has 
been used to detect T. evansi. TBR-1/2 has a higher 
detection sensitivity than other primers used for T. 
evansi [15–17].

Previously, in Indonesia, ITS-1 has been used 
to detect T. evansi from South Sulawesi isolates. 
Moreover, to the best of our knowledge, there are no 
reports comparing the sensitivity of PCR to detect 
T. evansi isolates from Banten Province using two dif-
ferent primers, ITS-1 and TBR-1/2. This study aimed 
to determine the sensitivity of molecular detection 
of T. evansi isolates using two different primers, one 
specific to the genus and the other specific to the spe-
cies. The PCR method was also compared with the 
parasitological (native blood test) and serological 
(card agglutination test [CATT]) methods, to precisely 
detect the infection dose of T. evansi. In addition to 
identifying the causative agent of trypanosomiasis, 
our method can also be applied for early detection and 
strengthening treatment and prevention measures for 
trypanosomiasis, especially in Indonesia.
Materials and Methods
Ethical approval

The present study was conducted with permis-
sion from the National Research Center for Veterinary 
Science, Ministry of Agriculture, Indonesia. This 
study was reviewed and approved by the Agricultural 
Research and Development Committee of the Ministry 
of Agriculture, Indonesia (certified registration num-
ber: Balitbangtan/BBLitvet/Rd/02/2016).
Study period and location

The study was conducted from April 2016 to 
October 2016 when trypanosomiasis has categorized 
as an outbreak in several Provinces in Indonesia. The 
study was conducted in Banten Province (106.150276 
longitude and −6.120000 latitude), approximately 130 
– 140 km from Jakarta, the capital city of Indonesia. 
This area is categorized as endemic for trypanoso-
miasis, which occurs in livestock. It is considered as 
the major entrance of imported livestock, especially 
water buffaloes. Moreover, many water buffaloes 
were naturally infected with trypanosomiasis due to 
traditional management and improper sanitation. The 
samples were processed at Laboratory of Indonesian 
Research Center for Veterinary Sciences, Ministry of 
Agriculture, Bogor, Indonesia.

Experimental animals
The experimental animals used were 2–3-month-

old male Sprague-Dawley albino rats, each weighing 
80–100 g. The animals were acclimatized at 28°C and 
80% humidity for 10 days, and treated with 0.6 mg/kg 
ivermectin to eliminate possible ectoparasites and 
endoparasites. During the study period, experimental 
animals were given commercial pellet feed (Mazuri®, 
Land O’Lakes, Inc., England) and ad libitum water. 
In addition, sterilized husk was used as a base for the 
cage (litter) to prevent other biological contaminants.
Trypanosoma samples

The isolates of T. evansi used in this study 
were collected during June  -  July 2016 from water 
buffaloes in Banten Province. Then, the isolates of 
T.  evansi were preserved using the cryopreservation 
method in the laboratory of parasitology at National 
Research Center for Veterinary Science, Ministry of 
Agriculture, Indonesia. The isolates were injected 
into 18 experimental albino Sprague-Dawley rats 
intraperitoneally with 1 × 101 and 1 × 104 infective 
doses. The study design involved three experimental 
groups. Each group comprised six rats; the first group 
was categorized as the control, the second group was 
injected with 1 × 101 parasite/mL, and the third group 
was injected with 1 × 104 parasite/mL. The behavioral 
and clinical symptoms were recorded every day for 
10 days; One mL of blood samples for the parasito-
logical test was drawn from the orbital vein of each 
rat using a hematocrit tube (Sigma-Aldrich, Poole, 
Dorset, UK). Blood samples were collected in a 
microcentrifuge tube (Eppendorf, Germany) (volume, 
0.5 mL) from day 1 until day 5. A drop of blood was 
placed on a filter paper (Sigma-Aldrich), which was 
used for PCR. This was followed by a parasitemia 
examination using the native scoring method every 
2 days until the 8 days. Serological CATT was per-
formed every 4 days. PCR analyses of the blood on the 
filter paper (Sigma-Aldrich) samples were performed 
using TBR-1/2 and ITS-1 primers every 4 days until 
all the infection treatments turned positive. Positive 
PCR results were obtained on the 3rd day and parasito-
logical examination results on day 8.
DNA extraction and PCR

Total genomic DNA was extracted from blood 
samples on filter paper from all experimental groups, 
namely, control, 1 × 101, and 1 × 104, using the 
NucleoSpin® Tissue extraction kit (Macherey-Nagel, 
Germany) following the manufacturer’s protocol. 
A partial sequence of cytochrome c oxidase 1 (cox1) 
was amplified using the TBR-1/2 forward primer 
(5′- GAATATTAAACAATGCGCAG-3′) and TBR-1/2 
reverse primer (5′-CCATTTATTAGCTTTCTTGC-3′), 
which were designed from the TBR-1/2 gene 
of T. evansi [15] and the ITS-1 forward primer 
(5′-CCGGAAGTTCACCGATATTG-3′) and ITS-1 
reverse primer (5′-TGCTGCGTTCTTCAACGAA-3′) 
used to amplify part of the cox1 region, which were 
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designed from a previous study by Njiru et al. [18]. 
PCR was performed in a 25 μL reaction volume com-
prising 10  ng template DNA, 2.5 μL 10× FastStart 
High-Fidelity Reaction buffer (Roche, Mannheim, 
Germany), 15 mM MgCl2, 200 μM dNTPs, 0.2 μM 
each of forward and reverse primers (Invitrogen, 
Carlsbad, CA), and 0.625 U FastStart High-Fidelity 
Enzyme Blend (Roche). The thermocycling conditions 
(GeneAmp PCR System 9700, Applied Biosystems, 
Singapore) were as follows: 94°C for 5 min; 35 cycles 
of 95°C for 30 s, 59°C for 30 s, and 72°C for 45 s; and 
a final extension step at 72°C for 10  min. For each 
PCR experiment, a negative, no template control was 
used along with the other samples. The samples were 
then separated by 1% agarose gel electrophoresis.
Results

The results of the CATT examination in all treat-
ments were negative, which indicated that the IgM 
antibodies were not produced (Table-1). Moreover, it 
can be seen that the parasitological blood examination 
method was more sensitive than CATT for the detec-
tion of T. evansi Banten isolates (Table-1). Even during 
the initial native blood examination, parasitemia was 
clearly detected on day 4. However, in the CATT 
method, no agglutination reaction was detected start-
ing from day 3 until the death of all experimental rats 
on day 8. The results of parasitemia examination using 
the native method revealed that the prepatent period 
with infection doses of 101 and 104 was recorded in the 
range of 4–8 days and 4–6 days, respectively (Table-1).

PCR results showed that both ITS-1 and TBR-1/2 
primers successfully identified T. evansi from infected 
experimental rats, with the detection of positive PCR 
bands at 480 base pairs (bp) and 164 bp, respectively. 
PCR with ITS-1 primers showed positive results on 
the 3rd  day with the 1 × 101 treatment group. Four 
out of 6 (66.66%) samples turned positive. PCR with 
TBR-1/2 primers showed positive bands on the first 
day of treatment, with 2 out of 6  (33.33%) samples 
showing positive results (Figure-1).

Moreover, at 1 × 104 infection dose, PCR with 
ITS-1 showed positive bands in 5 out of 6  (83.33%) 
since day 2. TBR-1/2, 3 out of 6 (50%) samples were 
positive from day 1 (Figure-2). Both ITS-1 and TBR-1/2 
primers showed no significant differences when used to 
amplify samples at the highest infection dose of treatment 
(1 × 104) on day 2 (Figure-2). Similar PCR results were 
obtained, which revealed 5 (83.33%) positive samples. 
Based on the PCR results, the ITS-1 primers are effective 
as standard molecular diagnostic when the infection dose 
of T. evansi is relatively high; ITS-1 primers were not 
able to detect the parasite when the infection dose of T. 
evansi in the host was still low sensitive compared to that 
with the TBR-1/2 primers (Figure-2).
Discussion

The present study revealed not only the sensitiv-
ity of molecular identification using PCR with ITS-1 Ta
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and TBR-1/2 primers but also its accuracy in detecting 
T. evansi local isolates when compared to the blood 
smear and CATT methods. Parasitemia is difficult 
to detect at an early stage as the clear morphology 
of the blood parasites cannot be identified with con-
ventional parasitological tests with a low-level phase 
makes it more difficult to observe. For example, a 
Giemsa-stained blood smear does not always indicate 
the presence of Trypanosoma, although the animal 
host presents clinical signs of the disease [16, 17]. 
Moreover, microscopic examination of blood smears 
indicates that it is less sensitive and efficient for it to 
be widely used for screening trypanosomiasis in field 
cases [18]. However, the blood smear method is still 
the most commonly used method for diagnosing try-
panosomiasis. In the present study, the parasitological 
method showed positive results on day 4 of infection, 
with only two positive results out of six blood samples 
obtained using the Giemsa staining method (Table-1). 
The present results are also in accordance with a pre-
vious study conducted by Ahmadi et al. [19], which 
detected four positive results out of 117 blood sam-
ples. Zangooie et al. [14] reported zero positive results 
with microscopic examination of 113 blood samples, 
whereas seven samples were positive with a PCR 
method. A similar study in Indonesia [3] found only 

one positive sample out of 100 blood samples using 
the blood smear method.

In the results with PCR method, the TBR-
1/2 primer was found to be more sensitive than 
ITS-1 primer in detecting Trypanosoma spp. infec-
tion (Figure-2). The present study is supported 
by Fernández et al. [20] that the TBR-1/2 primer 
is suitable for diagnosis, where infection dose of 
1 × 102  parasites/mL blood was detectable at 12  h 
after infection; PCR with ITS-1 primer showed pos-
itive results. This is because the TBR-1/2 primer can 
amplify T. evansi DNA at 0.001 ng, whereas the ITS-1 
primer requires T. evansi DNA at a concentration 
of 0.01  ng. These numbers were arrived at by per-
forming a PCR with different concentrations of pure 
T. evansi DNA with each of the primers, which can 
determine the sensitivity of the primers. With respect 
to the target sequences in T. evansi genome, TBR-
1/2 primer targets 10,000–20,000 multicopy satellite 
regions, while ITS-1 primer targets 100–200 satellite 
regions; TBR-1/2 can, therefore, be used as the gold 
standard for the detection of T. evansi infections, espe-
cially in field isolates [20, 21]. Moreover, Nakamura 
et  al.  [22], also reported that ITS-1 combined with 
serum resistance-associated primers is suitable for 
detecting Trypanosoma spp. in cattle hosts and fly 

Figure-1: Polymerase chain reaction results of Trypanosoma evansi detection using 101 infection dose. M=Maker, 
+=Positive control, −=Negative control, A-F=Replication.
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vectors. However, the combination of ITS-1 and TBR-
1/2 primers in detecting T. evansi has been applied for 
the 1st time in this study. In accordance with a previous 
study in Egypt, the TBR-1/2 primer is more sensitive 
in detecting T. evansi than the rode Trypanozoon anti-
gen type (RoTat) primer, which is less sensitive [23].

The size of DNA fragments amplified with the 
ITS-1 primer was 480 bp. ITS-1 primer can identify 
several species of Trypanosoma parasite because 
it has an isoform gene for a detectable species. The 
length of ITS-1 PCR products in several species of try-
panosomes was 700 bp for Trypanosoma congolense 
savannah, 400  bp for Trypanosoma simiae, 250  bp 
for Trypanosoma Vivax, and 480 bp for T. evansi. The 
ITS-1 DNA fragment length for detecting T. evansi is 
similar to the DNA fragment length of T. brucei sub-
species [12, 21]. ITS-1 primer has been widely used 
for molecular epidemiological studies, especially 
in African trypanosomiasis. Moreover, the ITS-1 
primer has an advantage over other primers in that it 
can generate different PCR products when used in a 
sample containing two or more Trypanosoma species 
that frequently infect livestock [11]. Njiru et al. [18] 
also mentioned that the ITS-1 primer could identify 
Trypanosoma species simultaneously in infected sam-
ples with more than 1 type of Trypanosoma. In South 
Africa, the ITS-1 primer could also identify multiple 

infections where several species of Trypanosoma 
infected water buffaloes and cattle; this aspect of 
ITS-1 primer proves advantageous in that local farm-
ers can reduce diagnostic costs and this provides 
faster results compared to single primers for one type 
of Trypanosoma [18, 23].

In the present study, amplification with the TBR-
1/2 primer produced more than 1 DNA band; the 
presence of extra DNA bands with this primer varied 
depending on the sample being tested. However, in 
the blood sample, there was a DNA fragment located 
at 164 bp, indicating that the sample was positive for 
T. evansi infection. A  similar finding was reported 
in a previous study conducted by Ramírez-Iglesias 
et  al.  [5] concluded that tandem repeats were pres-
ent in the DNA target. Furthermore, the occurrence 
of multiple DNA bands with the TBR-1/2 primer was 
presumably due to amplification as a result of primer 
attachment to the repeated regions of Trypanosoma 
DNA; this situation can also be triggered by a large 
number of DNA templates that are abundant [23]. 
The TBR-1/2 primer in the previous study was not 
only used to identify T. evansi but was also capable 
of detecting T. brucei coding gene with a band length 
shorter than 164  bp [24]. Moreover, the TBR-1/2 
primer also has the advantage of not causing cross-re-
action with T. vivax and is more sensitive if used to 

Figure-2: Polymerase chain reaction results of Trypanosoma evansi detection using 104 infection dose. M=Maker, 
+=Positive control, −=Negative control, A-F=Replication.
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detect T. evansi in the infected host [5]. The differences 
between our results and those obtained in the previous 
study conducted by Fernández et al. [20], may be due 
to different primer sets and DNA extraction methods, 
diversity of trypanosome strains, and different PCR 
conditions. In this study, Chelex resin was used for 
DNA extraction from the blood samples. The method 
provided a high DNA yield with suitable purity, was 
less complicated, and overcame the toxic effects and 
risk of using organic extraction methods [25].

Surra is a serious infectious disease with various 
prevalence rates with significant morbidity and mor-
tality among livestock in Africa, South America, and 
Asia, including Indonesia [26]. In the Middle East, 
such as Palestine, the overall trypanosomiasis preva-
lence of 18% was similar to the infection rate of neigh-
boring countries in the region. Moreover, a previous 
study in Saudi Arabia reported that the infection rates 
were lower in donkeys and horses, with a total preva-
lence of 3.3% and 2.8%, respectively [27]. Different 
results from Egypt have reported that no infection was 
detected in donkeys and horses; however, surra dis-
ease was recorded in camels, with a 31.4% prevalence 
rate [28]. In South Sulawesi, Indonesia, the preva-
lence rate of surra was 0% when detected using the 
conventional parasitological method; however, a 3% 
prevalence rate was detected in cattle using PCR as 
a molecular diagnostic method [3]. Therefore, a PCR 
method using more sensitive primers is required for 
early diagnostic testing. To the best of our knowl-
edge, this is the first study to briefly compare the 
sensitivity of ITS-1 and TBR-1/2 primers when used 
for molecular diagnostics using PCR. Our results 
also confirm that molecular diagnostics using TBR-
1/2 primers are more efficient if applied as a gold 
standard to identify T. evansi, especially in field iso-
lates, because the TBR-1/2 primer is not only proven 
as specific but also as a sensitive primer compared 
to ITS-1.
Conclusion

Based on the molecular diagnostic test in blood 
samples from experimentally infected rats using PCR, 
the TBR-1/2 primer was more sensitive to detect 
T. evansi local isolate than the ITS-1 primer. Notably, 
conventional parasitological tests can also identify 
the microscopic morphology of T. evansi if parasite-
mia has occurred in the host during the peak phase 
of infection. The present findings provide prelimi-
nary data for studying the sensitivity and efficiency 
of different primers if practically applied as a stan-
dard diagnostic test for trypanosomiasis, especially in 
Indonesian livestock. However, the present method 
only applied one species of Trypanosoma parasite and 
it remains to be seen unknown if more than 1 spe-
cies of Trypanosoma can be detected. Furthermore, 
the present study provides beneficial data for future 
studies using different species of Trypanosoma and 
recommendations for parasitic disease prevention 

measures using the molecular approach as a standard 
early diagnostic method.
Authors’ Contributions

ES: Supervised the study and sample collection. 
AIK: Carried out sample collection and performed the 
standard parasitological examination. LTS: Carried 
out molecular identification and data interpretation. 
AY: Experimental materials collection and data analy-
sis. All authors contributed to the drafting and revision 
of the manuscript. All authors have read and approved 
the final manuscript.
Acknowledgments

This study was funded by Indonesian Research 
Center for Veterinary Sciences, Ministry of Agriculture 
Republic Indonesia and Penelitian Unggulan Fakultas 
(PUF) program of Universitas Airlangga, Indonesia 
(Grant no. 658/ UN3.15 /PT/2015).
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. Cox, A.P., Tosas, O., Tilley, A., Picozzi, K., Coleman, P.,

Hide, G. and Welburn, S.C. (2010) Constraints to estimating 
the prevalence of trypanosome infections in East African
zebu cattle. Parasit. Vectors, 3(1): 1–8.

2. Sumbria, D., Singla, L.D., Sharma, A., Moudgil, A.D. and
Bal, M.S. (2014) Equine trypanosomosis in central and
western Punjab: Prevalence, haemato-biochemical response 
and associated risk factors. Acta Trop., 138(10): 44–50.

3. Setiawan, A., Nurcahyo, W., Priyowidodo, D., Budiati, R.T.
and Susanti, D.S.R. (2021) Genetic and parasitological
identification of Trypanosoma evansi infecting cattle in
South Sulawesi, Indonesia. Vet. World, 14(1): 113–119.

4. Pruvot, M., Kamyingkird, K., Desquesnes, M.,
Sarataphan, N. and Jittapalapong, S. (2010) A comparison
of six primer sets for detection of Trypanosoma evansi by
a polymerase chain reaction in rodents and Thai livestock.
Vet. Parasitol., 171(3–4): 185–193.

5. Ramírez-Iglesias, J.R., Eleizalde, M.C., Reyna-Bello, A.
and Mendoza, M. (2017) Molecular diagnosis of cattle
trypanosomes in Venezuela: Evidences of Trypanosoma
evansi and Trypanosoma vivax infections. J. Parasit. Dis.,
41(2): 450–458.

6. Roman, F., Iñiguez, A.M., Yeo, M. and Jansen, A.M.
(2018) Multilocus sequence typing: Genetic diversity in
Trypanosoma cruzi I (TcI) isolates from Brazilian didel-
phids. Parasit. Vectors, 11(1): 1–13.

7. Pourjafar, M., Badiei, K., Sharifiyazdi, H., Chalmeh, A.,
Naghib, M., Babazadeh, M. and Joshani-Zadeh, N.H.
(2013) Genetic characterization and phylogenetic analy-
sis of Trypanosoma evansi in Iranian dromedary camels.
Parasitol. Res., 112(2): 899–903.

8. Sarkhel, S.P., Gupta, S.K., Kaushik, J., Singh, J., Saini, V.K., 
Kumar, S. and Kumar, R. (2017) Intra-  and inter-species
genetic variability of transferrin receptor gene regions in
Trypanosoma evansi isolates of different livestock and geo-
graphical regions of India. Acta Parasitol., 62(1): 133–140.



Veterinary World, EISSN: 2231-0916� 1778

Available at www.veterinaryworld.org/Vol.15/July-2022/23.pdf

9.	 N’Djetchi, M.K., Ilboudo, H., Koffi, M., Kaboré, J., 
Kaboré, J.W., Kaba, D., Courtin, F., Coulibaly, B., Fauret, P., 
Kouakou, L., Ravel, S., Deborggraeve, S., Solano, P., De 
Meeûs, T., Bucheton, B. and Jamonneau, V. (2017) The 
study of trypanosome species circulating in domestic ani-
mals in two human African trypanosomiasis foci of Cote 
d’Ivoire identifies pigs and cattle as potential reservoirs of 
Trypanosoma brucei gambiense. PLoS Negl. Trop. Dis., 
11(10): e0005993.

10.	 Ndungu, K., Thungu, D., Wamwiri, F., Mireji, P., Ngae, G., 
Gitonga, P. and Thuita, J. (2019) Route of inoculation influ-
ences Trypanosoma congolense and Trypanosoma brucei 
brucei virulence in Swiss white mice. PLoS One, 14(6): 
e0218441.

11.	 Salim, B., Hayashida, K., Mossaad, E., Nakao, R., 
Yamagishi, J. and Sugimoto, C. (2018) Development and 
validation of direct dry loop-mediated isothermal amplifi-
cation for diagnosis of Trypanosoma evansi. Vet. Parasitol., 
260(8): 53–57.

12.	 Sawitri, D.H., Wardhana, A.H., Wibowo, H., Sadikin, M. 
and Ekawasti, F. (2015) Molecular identification technique 
of Trypanosoma evansi by multiplex polymerase chain 
reaction. J. Ilmu Ternak Vet., 20(4): 297–307.

13.	 Njiru, Z.K., Constantine, C.C., Guya, S., Crowther, J., 
Kiragu, J.M., Thompson, R.C.A. and Dávila, A.M.R. (2005) 
The use of ITS1 rDNA PCR in detecting pathogenic African 
trypanosomes. Parasitol. Res., 95(3): 186–192.

14.	 Zangooie, F., Ganjali, M., Keighobadi, M. and Nabavi, R. 
(2018) Molecular detection of Trypanosoma evansi based 
on ITS1 rDNA gene in Camelus dromedarius in Sistan 
Region, Iran. Trop. Biomed., 35(4): 1140–1147.

15.	 Masiga, D.K., Smyth, A.J., Hayes, P., Bromidge, T.J. and 
Gibson, W.C. (1992) Sensitive detection of trypanosomes 
in tsetse flies by DNA amplification. Int. J. Parasitol., 
22(7): 909–918.

16.	 Khosravi, A., Parizi, M. H., Bamorovat, M., Zarandi, M.B. 
and Mohammadi, M.A. (2015) Prevalence of Trypanosoma 
evansi in camels using molecular and parasitological methods 
in the southeast of Iran, 2011. J. Parasit. Dis., 39(3): 422–425.

17.	 Croof, H.I.M., Malelle, I., Nyingilili, H.S., Sadeq, S., 
Brooks, D. and Ali, N. (2017) Phylogenetic analy-
sis of Trypanosoma evansi in naturally infected camels 
from Sudan based on ribosomal DNA sequences. Am. J. 
Microbiol. Biotechnol., 4(6): 75–82.

18.	 Njiru, Z.K., Traub, R., Ouma, J.O., Enyaru, J.C. and 
Matovu, E. (2011) Detection of group 1 Trypanosoma bru-
cei gambiense by loop-mediated isothermal amplification. 
J. Clin. Microbiol., 49(4): 1530–1536.

19.	 Ahmadi, H.M., Qazvinian, K.H. and Darvishi, M. (2012) 
Investigation of Trypanosoma evansi contamination and 
its prevalence in Semnan camels. In: Second Veterinary 
Laboratory Congress. Semnan University, Semnan, Iran. 
p22–23.

20.	 Fernández, D., González-Baradat, B., Eleizalde, M., 
González-Marcano, E., Perrone, T. and Mendoza, M. 
(2009) Trypanosoma evansi: A  comparison of PCR and 
parasitological diagnostic tests in experimentally infected 
mice. Exp. Parasitol., 121(1): 1–7.

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

22.	 Nakamura, Y., Hayashida, K., Delesalle, V., Qiu, Y., 
Omori, R., Simuunza, M., Sugimoto, C., Namangala, B. 
and Yamagishi, J. (2021) Genetic diversity of African 
Trypanosomes in tsetse flies and cattle from the Kafue eco-
system. Front. Vet. Sci., 8(1): 599815.

23.	 Behour, T.S., El-Ashram, S.A., Amin, A.S., Mousa, W.M. 
and Aboelhadid, S.M. (2019) Molecular diagnosis of acute 
and chronic infection of Trypanosoma evansi in experi-
mental male and female mice. Onderstepoort J. Vet. Res., 
86(1): 1–10.

24.	 Ashour, A.A., Abou El-Naga, T.R., Barghash, S.M. and 
Salama, M.S. (2013) Trypanosoma evansi: detection of 
Trypanosoma evansi DNA in naturally and experimen-
tally infected animals using TBR1 and TBR2 primers. Exp. 
Parasitol., 134(1): 109–114.

25.	 Herrera, H.M., Norek, A., Freitas, T.P., Rademaker, V., 
Fernandes, O. and Jansen, A.M. (2005) Domestic and 
wild mammals infection by Trypanosoma evansi in a pris-
tine area of the Brazilian Pantanal region. Parasitol. Res., 
96(2): 121–126.

26.	 Abdullah, A., Bakhashwain, A., Basuhail, A. and Aslam, A. 
(2016). Predicting meat production for Saudi Arabia in 
2030: Comparison with five regional countries. J. Adv. 
Agric. Technol., 3(3): 245–248.

27.	 Alanazi, A.D., Puschendorf, R., Salim, B., Alyousif, M.S., 
Alanazi, I.O. and Al-Shehri, H.R. (2018) Molecular detec-
tion of equine trypanosomiasis in the Riyadh Province of 
Saudi Arabia. J. Vet. Diagn. Invest., 30(6): 942–945.

28.	 Elhaig, M.M. and Sallam, N.H. (2018) Molecular survey 
and characterization of Trypanosoma evansi in naturally 
infected camels with suspicion of a Trypanozoon infection 
in horses by molecular detection in Egypt. Microb. Pathog., 
123(7): 201–205.

********


	_Hlk101546871
	_Hlk101547028
	_Hlk107932138
	_Hlk101547292
	_Hlk101548340
	_Hlk101547474
	OLE_LINK1



