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Abstract. Trypanosomiasis is one of the most pathogenic infection of livestock caused by
several Trypanosoma species. The current study aims to determine the current prevalence
of trypanosomiasis in livestock of Cholistan desert, Pakistan by molecular characterization.
A total 272 animals, 61 camels, 59 cattle, 50 goats, 50 sheep and 52 donkeys that were bled
and processed for thin smear microscopy, packed cell volume (PCV), DNA extraction, PCR,
formol gel test and for cryo preservation. For diagnosis and molecular characterization, three
sets of primers including TBR, RoTat 1.2, TRYP4 were used which detect their targets including
repeated satellite DNA region, variant surface glycoprotein (VSG) gene and the ITS ribosomal
DNA sequence of microbe. According to results, 6.2% animals were positive by microscopy,
51.1% by formol gel, 54.7% by PCV and 36.7% by PCR. The results of this study support the idea
that PCR is a sensitive, robustic and reliable technique to diagnose trypanosomiasis and it
should be added in conventional setup along with microscopy to avoid false negative and
positive results. The PCR based order of prevalence of trypanosomiasis in Cholistani livestock
was sheeps>camels>donkeys>goats>cattle. Similary, on the basis of thin smear microscopy
the prevalence of trypanosomiasis was donkeys>camels>sheep>goats>cattle. It was observed
that Trypanosoma evansi is the most prevalent specie involved in trypanosomiasis in Cholistani
livestock.

INTRODUCTION

Trypanosomiasis is the most widely
pathogenic protozoan infection which is
caused by different Trypanosoma species
including Trypanosoma brucei, T. evansi,

T. congolense, T. equiperdum and T. vivax

etc. This disease affects number of animals
including, camels, cattle, buffaloes, donkeys,
horses, dogs, elephants, pigs, cats, tapirs,
capybaras and deer (Hamilton et al., 2007).
In camels (Camelus dromedarius and C.

bactrianus) symptoms of the disease include

soaring fever, anemia, weakness and
mortality (Parsani & Momin, 2008). In
cattle it is characterized by reduced milk
production, fever and abortion (Pholpark
et al., 1999; Kashiwazaki et al., 1998).
Furthermore, this disease reduces calving
levels and animal labor, while calf death is
also common in endemic regions (Swallow,
2000). In horses, the symptoms appear after
one to two or eight weeks of incubation
period along with fever, anemia, weight
loss, weakness and laziness depending upon
the severity of disease (Stephen, 1986).
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Mechanically, it is transmitted by a
variety of blood-sucking flies (Gill, 1977).
T. evansi (Surra) is very common in the
North-Africa, Middle East, South-East Asia
and Latin America (Parsani and Momin,
2008). Economic losses due to Surra are
frequently under estimated due to low
infection exposure rates. Diagnostic tool
such as PCR has proved to be very effective
and has played important role in
differentiating various Trypanosoma species
(Wuyts et al., 1994). Over the last few years,
various diagnostic techniques have been
developed thereby improving diagnosis of
the disease. In poor resourced labs, T.

evansi detection mostly depends on blood
microscopic examination or by the micro
hematocrit centrifugation technique (mHCT)
(Herrera et al., 2004; Baticados et al., 2011).
Different studies have reported the presence
of surra from Pakistan. Tehseen et al. (2015)
have reported parasitological, serological
and molecular survey of T. evansi infection
in camels of Cholistan Desert of Pakistan.
Similar, work has been carried out by Abbasi
et al. (2014) from Karachi, around Lyari
Town and its surrounding, Nadeem et al.
(2011), Aslam et al. (2010) and Tehseen et

al. (2017) reported trypanosomiasis in
horses from district Gujranwala, Lahore
and Bahawalpur, respectively. Similalry,
Mirshekar et al. (2017) has studied T.
evansi infection and major risk factors for
one-humped camels of Iran and found similar
results as that of Pakistani studies.

Cholistan is the largest hub of livestock
in Pakistan. Being a desert and remote area
of country, the accurate measures of
trypanosomal infection in livestock is not
possible. It is very hard to estimate the
subsequent economic losses, morbidity and
mortality in animals in the field. The present
study was designed by keeping in view the
importance of Cholistani livestock in
nomadic form of life and gross domestic
product (GDP) of the country. This study
aimed to determine the overall prevalence
of trypanosomiasis in livestock from different
localities of Cholistan desert and to charac-
terize the parasite species associated with
infections by using different sets of primers

such as genus specific (TBR and TRYP4 ) or
specie specific  (RoTat 1.2) primers.

MATERIALS AND METHODS

Collection of samples

Sampling was done through different sites
in and around the Cholistan belt and
Bahawalpur region. These sites include
Jugait Peer, Yazman, Hasilpur, Khairpur,
Bahawalpur, Derawar, Chak 29 BC and
Samma Satta area. Total 272 blood samples
were collected between January and August
2014. Out of total, 61 samples were taken from
camel, 59 from cattle and 50 each belong to
goat and sheep and 52 from donkey. All
animals were bled through jugular vein. The
collected blood was divided into three parts.
The first part was taken in EDTA coated tubes;
second part in serum separating tubes and
third part in cryopreservative tubes for
cryopreservation at -80ºC.

Thin smear microscopy

Thin smear slides were prepared and stained
with Geimsa stain (3.8 g Geimsa powder,
250 mL methanol and 250 mL glycerine).
The slides were studied at 800X under
simple microscope (Abbasi et al., 2014).

Formol gel test

The formol gel test was performed as
specified by OIE, (2012), to evaluate overall
elevation of immunoglobulins in serum
sample of each animal.

Packed cell volume (PCV)

Packed cell volume of each blood sample
was determined by using micro haematocrit
centrifugation method (mHCM) (Hamid et

al., 2012). This test was performed to
differentiate between sick (anemic) and
healthy animals. The samples that were
equal or less than 20 PCV value were
considered as sick or positive and the
samples that were equal or more than 25
PCV values were considered as healthy or
negative (Farougou et al., 2012 & Hamid et

al., 2012). Same parameters were used for
blood samples of each species.
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Polymerase chain reaction (PCR)

DNA was extracted from each 1mL blood
sample by using kit provided by Bio Basic
Inc (cat # BS684, Canada) and subjected to
PCR test. Three sets of primers i.e. TBR 1/2
(F: 5’GAATATTAAACAATGCGCAG3’; R:
5’CCATTTATTAGCTTTGTTGC3’), RoTat 1.2
( F : G C G G G G T G T T T A A A G C A ATA ;
R:ATTAGTGCTGCGTGTGTTCG), TRYP4
(F:5’CGTCCCTGCCATTTGTACACAC3’; R:
5’GGAAGCCAAGTCATCCATCG’) were used
(Claes, et al.,  2014; Salim et al., 2011; Pruvot
et al., 2010; Gari et al., 2010 & Tran et al.,
2009). TBR primer was genus specific but
RoTat1.2 and TRYP4 were species specific
primers. Almost same PCR profile was used
for each primer with slight variation in
annealing temperature. Denaturation was
done at 94°C for 1 min and primer annealing
at 54 to 58°C from 1 min to 1.5 min. Elongation
was done at 72 for 1.5 min. Total no. of cycles
were 35 in each case.

Prevalence (%)

The formula reported by (Abbasi et al., 2014)
was used to calculate prevalence after each
test.

Total no. of positive samples
under specific technique at

particular time
Prevalence (%)  × 100

Total no. of samples taken
from whole population of an

area at particular time

Statistical analysis

The data was properly tabulated by using
Microsoft excel. Statistical analysis was
performed using SPSS version 16. Chi
square (χ2) and Kappa values were used
to determine the level of agreement
between diagnostic tests with keeping
0.05 significance level.

RESULTS

Thin smear microscopy

From this technique only 6.0% samples of
sheep, 6.5% samples of camel, 11.5%
samples of donkeys, 4.0% samples of goat
and 3.3% sample of cattle were found
positive. More than one different morpho-

logical strain of Trypanosoma species were
observed through microscopy (Table 1,
Figure 1). Overall 6.25% of samples were
found positive with microscopy.

Formol gel (FG) test

According to formol gel test, 60.0% samples
of sheep, 55.7% samples of camel, 50.0%
samples of donkeys, 68.0% samples of goat
and 25.4% samples of cattle were positive
(Table 1). Overall 51.1% of samples were
positive with FG test.

Packed cell volume (PCV)

According to this test 90.0% sample of
sheep, 18.0% samples of camel, 17.3%
samples of donkeys,74.0% samples of goat
and 79.6% samples of cattle were positive
(Table 1). Overall 54.7% of samples were
positive with PCV.

Polymerase Chain Reaction (PCR)

According to this test more samples were
positive with TBR as compared to RoTat 1.2
and TRYP4 primers. The exact size of PCR
product by TBR primer was 164bp, from
RoTat 205bp and by TRYP4 was 150 to 476bp
(Figure 2 a, b, c, d). In camels overall 39.3%
samples were confirmed positive through
PCR. Out of these, 11 were positive with TBR
primer, 6 with RoTAT 1.2 and 7 with Tryp 4
primers. In case of sheep, 48.0% samples
were positive. Out of these, 13 were positive
with TBR, 9 with RoTat1.2 and 2 with Tryp4
primer. In case of donkeys, 38.4% samples
were positive. Out of these, 10 were positive
with TBR, 3 with RoTat 1.2 and 7 with Tryp4
primers. In case of goats, 36.6% samples
were positive through PCR. Out of these, 15
were positive with TBR, 2 with RoTat 1.2 and
5 with Tryp4 primer. In case of cattle total
16.9% samples were confirmed through
PCR. Out of these, 5 samples were confirmed
with TBR, 3 with RoTat 1.2 and only 2 with
Tryp4 primers (Table 2). The Overall 36.7%
samples were positive through PCR.

Statistically the degree of agreement was
performed through Chi square and Kappa
test by taking camel samples. The samples
were analyzed microscopically, with FG, PCV
and also with PCR. Microscopic results were
revealed that the statistical data is non-
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Figure 2. PCR Amplification by different genus and specie specific primers. (a) PCR by sequence
specific primer RoTat 1.2, Lane 1-3 PCR from sheep blood samples; Lane M = 1kb marker (NORGEN:
cat # 11700). (b) PCR by sequence specific primer TBR, Lane 1-3 PCR from sheep blood samples. Lane
M = 100 bp DNA marker (Cat # N3231L, New England Biolabs, USA).

Table 1. Confirmation of Trypanosoma spp. in Cholistani livestock by different diagnostic techniques

Animals
   Thin Smear Microscopy Formol Gel PCV

Infected Preval (%) Infected Preval (%) Infected Preval (%)

Camel 4/61 6.55 34/61 55.7 11/61 18.03
Cattle 2/59 3.38 15/59 25. 4 47/59 79. 6
Goat 2/50 4.0 34/50 68.0 37/50 74.0
Sheep 3/50 6.0 30/50 60.0 45/50 90.0
Donkey 6/52 11.5 26/52 50.0 9/52 17.3
Total 17/272 6.25 139/272 51.10 149/272 54.77

Figure 1. Giemsa stained thin smear microscopy. The slide is visualized
at 800X oil emersion lens.
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significant with 0.065 values as compared to
the samples treated with FG method. On
the other hand, it was found significant than
PCV and PCR with 0.001 and 0.010 values. In
case of cattle samples, microscopic results
were non-significant with 0.467 values as
compared to the samples treated with PCV.
On the other hand, it was significant than
FG and PCR with 0.014 and 0.001 values.
Similarly, in case of goat and sheep samples,
microscopic results were non-significant
than FG, PCV and PCR with 0.322, 0.392,
0.103, 0.145, 0.552 and 0.063 values respec-
tively. But in case of donkey samples,
microscopic results were significant with

FG, PCV and PCR with 0.009, 0.000 and 0.001
significance values respectively (Table 3).

Statistically, PCR was compared with
other diagnostic tests and degrees of
agreement were also obtained through Chi
square and Kappa test. In case of sheep and
goat samples, PCR was non-significant with
0.103 and 0.063 values as compared to the
samples treated with microscopy. In contrast,
it was significant than FG and PCV with
0.000, 0.000, 0.000 and 0.024 values. In case
of camel samples, PCR test was more
significant with 0.010, 0.000 and 0.000 values
as compared to the samples treated with
microscopy, FG and PCV methods. In case of

Table 3. Statistical analysis of different diagnostic techniques in comparison to Microscopy and PCR

Animals Cross tests Pearson chi square Significance Kappa value Significance

Camel Formol gel 3.399 0.065 0.106 0.065
PCV 11.501 0.001*** 0.326 0.001***
PCR 6.599 0.010*** 0.195 0.010***
Microscopy 6.599 0.010*** 0.195 0.010***

Cattle Formol gel 6.073 0.014*** 0.187 0.014***
PCV 0.529 0.467 0.018 0.467
PCR 10.144 0.001*** 0.293 0.001***
Microscopy 10.144 0.001*** 0.293 0.001***

Goat Formol gel 0.980 0.322 0.038 0.322
PCV 0.732 0.392 0.029 0.392
PCR 2.652 0.103 0.101 0.103
Microscopy 2.652 0.103 0.101 0.103

Sheep Formol gel 2.128 0.145 0.082 0.145
PCV .355 0.552 0.014 0.552
PCR 3.457 0.063 0.129 0.063
Microscopy 3.457 0.063 0.129 0.063

Donkey Formol gel 6.783 0.009* 0.231 0.009*
PCV 32.406 0.000*** 0.768 0.000***
PCR 10.852 0.001*** 0.345 0.001***
Microscopy 10.852 0.001*** 0.345 0.001***

Table 2. PCR based diagnosis of Trypanosoma spp. from Cholistani livestock

Animal
Primers

Total prevalence
TBR-ve : +ve RoTat-ve : +ve TRYP4-ve : +ve

Camel 50 : 11 55 : 6 54 : 7 24/61 = 39.3%
Cattle 54 : 5 57 : 2 56 : 3 10/59 = 16.9%
Goat 35 : 15 48 : 2 45 : 5 22/50 = 36.6%
Sheep 37 : 13 41 : 9 48 : 2 24/50 = 48.0%
Donkey 42 : 10 49 : 3 45 : 7 20/52 = 38.4%
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donkey samples, PCR was significant with
0.000, 0.000 and 0.001 values as compared
to the samples treated with microscopy, FG
and PCV procedures. In case of cattle
samples, PCR was non-significant with 0.080
value as compared to the samples treated
with PCV. On the other hand, it was significant
than microscopy and FG with 0.001 and 0.000
significant values respectively (Table 3).

DISCUSSION

The present study was performed with 272
blood samples obtained from Cholistani
livestock including camels, cattle, goats,
sheep and donkeys. Sampling was done
through different localities in and around the
Cholistan belt. To confirm whether animal
was sick or not, different tests were applied
including thin blood smears microscopy,
formol gel (FG) test, packed cell volume
(PCV) and PCR. Microscopy and PCR were
considered as specific tests for Trypanosoma

species detection while FG and PCV were
used to confirm whether animal was sick or
not. FG test confirms all types of immuno-
globulins in serum, no specificity for anti
typanosomal antibodies, though this test has
its own importance in initial screening to
make differences between sick and healthy
animals. Similarly, PCV is also a non-specific
test and is used to check whether animal was
anemic or not. Several studies support the
use of this test especially against parasite
like Trypanosoma species (Gadahi et al.,
2014). PCR and microscopy are considered
as reference tests for Trypanosoma species
especially PCR which is used as the test of
choice after its comparison with other tests.
It not only confirms the presence of microbe
but also characterizes it at subgenus, species
or even type or strain level (Gadahi et al.,
2014). In current study, TBR 1/2, RoTat 1.2
and TRYP4 sets of primers were used to
evaluate trypanosome from different animal
species and TBR was found to be most
sensitive. Similar results were reported by
Pruvot et al. (2010), in which six set of
primers including TBR1/2, ESAG6/7,
TEPAN1/2, (pMUTEC F/R, TRYP1 R/S and
TRYP4 R/S were used to confirm different

dilutions of T. evansi genome from infected
rats and Thai dairy cattle. TBR1/2 set of
primer was most sensitive and it has detected
0.01 pg of DNA of T. evansi from samples.

In the present study trypanosoma
prevalence through microscopy from sheep,
camels, donkeys, goats and cattle samples
were 6.0, 6.5, 11.5, 4.0 and 3.3% respectively.
The overall rate of detection was 6.2%. The
same technique was used to report trypano-
somiasis in camels of Sindh, Pakistan and the
overall prevalence was 13.7% (Shah et al.,
2004). The high rate of prevalence in Sindh
area could be due to poor veterinary practices
and difference in environmental conditions
than Cholistan. This technique has been
successfully used in detection of T. evansi

prevalence from Nili-Ravi buffalo (Bubalus

bubalis) with almost same findings i.e 5.5%
prevalence from Okara district of Pakistan
(Shahzad et al., 2010). Similarly from Lyari,
Karachi, Pakistan 8.4% cases of trypano-
somiais in donkeys has been recorded by
electron microscope (Abbasi et al., 2014).

A number of internationals studies has
highlighted the effective use of microscopy
in detection of Trypanosoma spp. from
Algeria, it showed 14.0% prevalence in
camels (Bennoune et al., 2013) from Egypt
4.14% (Abdel-Rady, 2008), and from Sudan
1.7% (Croof et al., 2012). Other studies include
43% prevalence of Trypanosoma spp. in
cattle of Sudan (Salim et al., 2011), 9.1% in
cattle from Brazil (Pimentel et al., 2012), 67%
cases of Trypanosoma infection in cattle and
3.8% in sheep on the basis of thin smear
microscopy from West Atacora (Farougou
et al., 2012). From Eastern Zambia the rate
of infection in cattle, goats and pigs was
recorded as 13.5, 0 and 0.9 respectively
(Simukokoa et al., 2007), and while from India
3.27% samples of camel, 0% samples from
donkey and dogs were found positive through
microscopy (Ravindran et al., 2008).

Although formol gel test is non-specific
but researchers have tried to report the
prevalence of Trypanosoma spp. on the basis
of  this test like Sow (Sow et al., 2013) from
Burkina Faso have reported the prevalence
of Trypanosoma spp. in cattle 34.2%, in sheep
20.9%, in goats 8.5% and in donkeys 5.8%.
Similarly from Lahore, Pakistan 120 out of
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500 (24.0%) equines were found positive
through formol gel test (Aslam et al., 2010
& Tehseen et al., 2015).

On an average, the prevalence of disease
through PCV was 37.2%. These results are in
accordance with other studies published at
worldwide. A total 3.7% of trypanosomiasis
in camels from Gedariff and Kordofan states
of Sudan was recorded (Abdel-Rady, 2008),
and from Eastern Zambia PCV was used to
monitor the prevalence of trypanosome in
cattle, pigs and goats (Simukokoa et al.,
2007). Similarly from Western Ethiopia the
mean parasitaemic and aparasitaemic values
through PCV in donkey were 31.3% and
33% respectively and overall 6.2% donkey
samples were positive through this test
(Mesele and Leta, 2010).

In PCR, all primers were effective in
diagnosing Trypanosoma spp. but TBR was
most sensitive primers. Diagnosis through
more than one primer confirms the presence
of T. evansi in Cholistani livestock. Similar
results were reported by different researchers
from all over the world like using PCR
technique to diagnose Trypanosoma spp.
ranging from high prevalent areas to low
prevalent areas of Sudan where the
prevalence was 57.1% and 6.0% respectively
(Salim et al., 2011). From Egypt 56.9%
prevalence of Trypanosoma spp. in camels
was reported by using NRP1 and NRP2
primers (Bennoune et al., 2013), and from
Sudan 90.0% detection rate in camels by
PCR was reported by using TBR1 and TBR2
primers (Abdel-Rady, 2008).

It is concluded that trypanosomiasis is
commonly prevalent in the Cholistan desert
of Pakistan including small ruminants like
goats and sheep. PCR is the best technique to
be used in diagnosis of Trypanosoma species
and according to results of current study more
than one Trypanosoma species are involved
in causing trypanosomiasis in this area.

Although more than 20 species of
Trypanosma are present worldwide but in
the South East Asia, 2 to 3 species including
T. evansi, T. lewisi and T. epinepheli are
present (Pumhom et al., 2013 & Su et al.,
2014). Owing to the absence of biological
vectors in cholisatni livestock, existence
of T. evansi basically depends on the

availability of biting flies such as Tabanids
Stomoxys spp. etc (Tehseen et al., 2015).
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