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ABSTRACT

Surra is of great concern to countries in the world such as Iran, which have a considerable camel population. The
present study was aimed at determining the prevalence of Trypanosoma evansi in the camels of Iran. A total of 167
blood samples from farmed camels were examined for the presence of 7. evansi infection using parasitological and
molecular methods. Blood smear examination revealed 10 (6%) positive samples, while the PCR method 14 (8.4%)
found positive samples. Age, sex, and region were not determined as risk factors for 7. evansi infection in this study.
The phylogenetic tree inferred from VSG gene sequences of 7. evansi clearly separated the sequences of this study
into two clades, A and B, which reflects the intrasequence heterogeneity among Iranian isolates. The phylogenetic tree
showed that Iranian 7. evansi strains are members of the 7. brucei clade.
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Introduction

Trypanosoma evansi, the causative agent of
cameline trypanosomosis (“Surra”), is the most
widespread pathogenic Trypanosoma in the world.
It is pathogenic for camels, horses, cats, dogs,
Asian elephants (Elephant maximus), pigs and
small ruminants (DESQUESNES et al., 2013).
Cattle are not very susceptible, except in South East
Asia where cerebral signs have been described, but
water buffalo (Bubalus bubalis) in South-East Asia
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frequently suffer from the acute disease that results
in a high level of mortality (REID 2002). The
virulence of 7. evansi is particularly pronounced
among camels, equines, and dogs that are victims
of both acute and chronic diseases, depending on
the strain of parasite and the region (HOLLAND
et al., 2003). Several hematophagous flies can
transmit 7. evansi mechanically, but the most
important are horseflies (7abanus spp.), followed
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by the stable fly (Stomoxys spp.) (LUCKINS
1988). Transmission is enhanced when horses or
camels congregate or are closely herded and when
they have high numbers of parasites in their blood
(RADOSTITIS et al., 2000). In South America,
the common vampire bat (Desmodus rotundus)
also transmits the infection mechanically through
its saliva and high parasitemia may develop which
may kill the bat. Recovered bats serve as reservoirs
(DESQUESNES et al., 2013). Carnivores can
also be infected after ingesting infected meat
(RAINA et al., 1985). Parasite multiplication in
the blood and body fluids causes inflammatory
changes and anemia. The parasite can frequently
be found extravascularly in tissues including the
central nervous system where it is less exposed to
chemotherapeutic agents (TAGER-KAGAN et al.,
1989). The first sign of infection by any strain of
Trypanosoma is the swelling of the skin (“‘chancre”)
where the parasites are multiplying (MAUDLIN et
al., 2004). The main clinical findings in 7. evansi
infections are intermittent fever, progressive anemia,
lower body part edema, dullness, listlessness, loss
of body condition despite a good appetite, nasal
and ocular discharge, and terminal nervous signs
including paraplegia, paralysis, delirium, and
convulsion. Surra is invariably fatal in camels and
horses, where death can occur within a few days
or a few months, but camels may exhibit chronic
signs for years. These signs include a reduction in
milk production and capacity for work, and a high
abortion rate in pregnant females (LUCKINS,
1988). Surra is of great concern to countries in the
world such as Iran, which has a considerable camel
population, estimated at nearly 150,000 head. This
is 0.56% of the world camel population and 3.8%
of the Asian camel population (FAO, 2011). In Iran,
camels (Camelus dromedarius) are important and
popular multipurpose local animals and despite their
general reputation for hardiness and resilience, they
are vulnerable to many infections (WERNERY
et al., 2004) and parasitic agents (BAHRAMI et
al., 2016; 2017). The parasitic diseases of camels,
particularly those caused by protozoans, have not
received adequate attention.

Since the existence of reservoir animals in the
vicinity of susceptible camels makes transmission
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by biting flies possible, identification of infected
animals is necessary. Several methods have been
developed for detection of 7. evansi infection,
but polymerase chain reaction (PCR) and DNA
sequence analyses have been widely applied to
determine the phylogenetic relationships and the
interspecific and intraspecific genetic variations
of the parasite (AMER et al., 2011). The present
study was devoted to the molecular identification
of T’ evansi derived from naturally infected camels
in Iran. The molecular analyses described in
this study were based on PCR amplification and
sequence analysis of the VSG gene to infer the
phylogenetic position of Iranian 7. evansi among
the Trypanosoma spp.

Materials and methods

Study area, animals and sample collection.
From September 2017 to May 2018, a total of 167
farmed camels were randomly selected from the
five geographical regions of Iran with the highest
population of camel herds. Ninety samples were
collected in Yazd (53.9%), 26 samples in Zabol
(15.6%), 24 samples in Kerman (14.4%), 13
samples in Bandar Abbas (7.8%) and 14 samples
in Hoveyze, Khuzestan (8.4%). The locations of
sampling are shown in Fig. 1. Anamnestic data
(age, sex, medical history, tick infestation, and
clinical signs) were obtained for each animal
examined using a bilingual questionnaire. The age
of the camels ranged from five months to 30 years
(48.5% were 1 to 4 years old and 51.5% were older
than 4 years old). There were 70 (42%) females and
97 (58%) males. Coughing, locomotion problems,
and skin lesions were generally mentioned by the
owners. All the animals were healthy, and no clinical
signs were seen. The blood samples were collected
from the jugular vein into sterile vacutainer tubes
containing EDTA and kept in -20 °C until DNA
extraction.

Parasitological examination. Thin blood smears
were prepared, fixed with absolute methanol
(1 min), stained with 10% Giemsa solution (30
min) and examined under 1000x magnification
(oil immersion lens) to observe 1. evansi
trypomastigotes. More than 30 microscopic fields
per blood smear were examined.
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Hoveyze
°

Bandar Abbas

Fig. 1. Map of Iran showing sampling locations: Yazd, Hoveyze, Zabol, Kerman, and Bandar Abbas.

DNA  extraction and  PCR  analysis.
DNA was extracted using a genomic DNA
purification kit (SinaClon Bioscience, Karaj,
3164819711, Iran). Primers targeting a repetitive
region specific for Trypanozoon subgenus
pMURTec.F, 5'-TGCAGACGACCTGACGCTACT;
pMURTec.R,5'-CTCCTAGAAGCTTCGGTGTCCT
were used (WUYTS et al., 1994). PCR reactions
included a negative control consisting of the reaction
mix and 2 pL of DNase/RNase-free water instead
of DNA, and a positive control consisting of a DNA
sample from a 7 evansi positive blood sample from
a camel with clinical trypanosomosis. All PCRs
were performed as a 25 pL reaction containing
12.5 uL Tag DNA polymerase master mix Red
(Amplicon, Odense, Denmark), 1 uM primers, and
50 ng DNA templates. The cycles included an initial
step at 94 °C for 4 min, followed by 30 cycles of
denaturing at 94 °C for 30 s, annealing at 60 °C for
30 s and extension at 72 °C for 30 s. PCR elongation
was continued at 72 °C for 5 min. Amplification
products were resolved in 1.5% molecular grade
agarose gel (Fischer Biotech, Australia) stained
with CYBR Safe stain. Approximately 5 uL of the
PCR product from five camels were subsequently
purified using the PCR purification kit (Vivantis,
Revongen Corporation Center, 47600 Subang Jaya,
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Selangor Darul Ehsan, Malaysia) and sequenced
by specific primers and the Big Dye Terminator
V.3.1 Cycle Sequencing kit in an ABI 3130 Genetic
Analyzer (Applied Biosystems, 850 Lincoln Centre
Drive Foster City, CA 94404, USA).

Genetic  diversity and phylogenetic  tree
construction. The nucleotide sequence
multiple alignments and quality checking were
accomplished using T- coffee and ClustalW. All
nucleotide sequences obtained were deposited in
the Genbank with the assigned accession numbers.
The phylogenetic relationship was examined and
constructed using the Molecular Evolutionary
Genetic Analysis (MEGA), version 7. On the basis
of the Bayesian information criterion, the optimal
phylogenetic parameter of choice was the Jukes-
Cantor model (JC). Maximum likelihood analyses
were done based on the substitution method, and
the sequences were subjected to a 1000 replicate
bootstrap test. 7. cruzi, accession number K02631.1,
was used as an outgroup.

Statistical analysis. Fischer Exact and Chi-
square tests were used to compare infection rates
among different age, sex and location groups.
P values of <0.05 were considered statistically
significant.
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Results

Trypomastigote forms of 7. evansi (6%) were
found in 10/167 prepared blood smears. In 14
samples of these 167 samples examined (8.4%) a
band of approximately 220 bp was shown on the
agarose gel which considered as a positive result of
the PCR.

On the basis of the molecular results, 7/70
females (10%) and 7/97 males (7.21%) were
found to be positive. Therefore, there was no
significant difference between the prevalence rate
of infection in males and females (CI, 0.23-2.09).
The prevalence of infection in camels under four
years old was 11.62%, while a prevalence rate of
4.93% was detected in camels older than four years
old (CI, 0.76-8.42). Thus, based on these results,
age was not identified as a risk factor for 7. evansi
infection in this study (P =0.11).

There was no significant geographical variation
in the prevalence of 7. evansi infection, ranging
from 0% in Kerman to 14.3% in Ahvaz (CI, 0.69-
1.06) (Table 1).

Among the 14 positive samples, five were
sequenced to verify the positive results. The average
size fragment of the gene from the amplified 7.
evansi was 220 bp. The amplified gene sequences
varied from 204 to 228 bp. The consensus gene

sequences were blasted in the NCBI Genbank
database, and they showed 7. evansi VSG gene
percentage identity ranging from 95 to 98.38. The
nucleotide sequences of the VSG gene from T
evansi were submitted to the NCBI GenBank and
assigned the accession numbers MF188845.1 and
MK752393 to MK752396. After a few processes
of removal and alignment of sequences using the
T- coffee molecular software, 200 bp of the partial
VSG gene from the 21 sequences of T_ evansi and T.
brucei and one outgroup, 7. cruzi were successfully
obtained. The overall frequency distributions of
nucleotides in the first, second, and third codon
positions are as follows: T = 25.2%, 22%, and
16%; C = 20.9%, 21.3%, and 30.9%; A = 33.6%,
31.3%, and 24.7%; G = 20.3%, 25.6%, and 28.4%,
respectively. Analysis of the sequences revealed
a mean GC content of 49.2%. The analysis of the
homogeneity of the substitution patterns between
sequences using the Disparity Index Test (Monte
Carlo Test) with 500 replicates, revealed significant
differences across the MK752393 and other
sequences (MF188845.1: P = 0.0, MK752394: P
= 0.0, MK752395: P = 0.0 and MK752396: P =
0.004). The partial VSG gene sequence variation
within the 7. evansi strains detected in this study
was 0.00-0.10% (Table 2).

Table 1. Prevalence of 7. evansi in camels from Iran and related factors

No. of No. of

Factor examined positive % P- value OR CI95%

Prevalence 167 14 8.38 - - -

Sex

Female 70 10 - - -

Male 97 7.21 0.52 0.7 0.23-2.09

Age

> 4 years old 81 4 4.93 - - -

<4 years old 86 10 11.62 0.11 2.53 0.76-8.42

Locality

Kerman 24 0 0 - - -

Zabol 26 2 7.7 0.17 1.9 0.97-1.21

Yazd 90 9 10 0.11 2.6 1.04-1.19

Ahvaz 14 2 14.3 0.13 3.6 0.69-1.06

Bandar Abbas 13 1 7.7 0.16 1.9 0.79-1.08
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MG600142.1_T. evansi
XM_011778884.1_T. brucei_gambiense
EU931247.1_T. evansi

HM209055.1_T. evansi

AB979445.1_T. evansi

LC008133.1_T. evansi
MF188845
MK752394

| MK752395
MK752396

- XM_011774008.1_T. brucei_gambiense
— X05710.1_T. brucei

98 |(—XM_011778088.1_T.brucei_gambiense
— M21448.1_T brucei
—XM_011773342.1_T. brucei_gambiense
L JQ030878.1_T. evansi

85 L FM16256

MH649267.1_T. evansi
L M33484.1_T brucei
MK752393 I B

[—J0653273 1_T. evansi

7.1_T. brucei

010

K02631.1_T. cruzi

Table 2. Estimates of evolutionary divergence between Sequences. The number of base substitutions per site from
between sequences is shown. Analyses were conducted using the Jukes-Cantor model.

The phylogenetic tree inferred from the VSG
gene sequences of 7. evansi clearly separated
the sequences into two clades, A and B clades.
All the samples were placed in clade A except
the MK752393 sequence from Bandar Abbas.
Furthermore, the phylogenetic tree showed that
Iranian isolates of 7. evansi grouped with 7. brucei
subspecies. 7 cruzi used as an outgroup was clearly
separated to the periphery of the phylogram.

Discussion

In the present study, ten camels out of 167 (6%),
showed 7. evansi positive blood smears with low-
grade parasitemia, while the overall prevalence rate
of T" evansi infection by PCR was found to be 8.4%.
The blood smear technique requires a small sample
volume, a skilled diagnostician, and continues to be
aconvenient and useful diagnostic method for direct
observation of hemoflagellate parasites. It is still a
confirmative tool and one of the best techniques used
for studying parasites, but is less sensitive than other
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techniques, such as molecular methods. Compared
with microscopy of blood smears, the PCR method
had higher sensitivity and is recommended for
use in the diagnosis of trypanosomosis. Several
molecular tests for parasite detection have been
developed in the last decade. Their specificity and
sensitivity have gradually increased, and parasites
that were previously difficult to diagnose using
conventional techniques have begun to be identified
by molecular techniques. Thus, early detection and
early treatment can greatly reduce the negative
impact on a population. The prevalence of 7. evansi
recorded during this study was comparable with
earlier reports from Iran (MOGHADDAR and
DIANTPOUR, 2009; SAZMAND et al., 2011).
However, previous studies have reported a higher
prevalence of 7. evansi. It should be mentioned that
in the present study there were no clinical signs in
the sampled animals. MIRSHEKAR et al. (2017)
found that 97 out of 369 examined camels (25.75%)
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with clinical signs (15.8%, 58/369) were be infected
with 7. evansi in the southeast of Iran.

Some studies indicate that the parasitemia can
be higher in the dry season than in the wet season,
possibly due to the increased activity of biting flies
(ELAMIN et al., 1998). The study by SALIM et
al., (2011), which was carried during the dry season
(late September to November), supports the idea
that the congregation of camel herds at the scarce
water holes brings the animals into close proximity
and facilitates the efficient transmission of the
parasite by flies. In this study, we expected a higher
T. evansi prevalence. However, the low prevalence
is maybe related to the sampling season (September
to May) and could be linked to the low fly densities
in these periods.

In the present study, the gender of the tested
camels showed no significant difference between
the infected and non-infected animals. However,
some studies did find a correlation between gender
and positivity, where they indicate that gender
is a risk factor for trypanosomosis in their area
(BARGHASH et al., 2014; SOBHY et al., 2017).
They considered successive pregnancies and
lactation stress as the main factors of the significant
higher infection rates in females.

In this survey the age factor was not considered
as a risk factor because there was no significant
difference within the age category. The age of the
infected camels in the present study ranged between
five months and 30 years, which suggests that
differentages could have beenexposedtothe parasite.
This finding is different from the data published
by other authors who concluded that older camels
showed a higher prevalence of trypanosomosis
(ATARHOUCH et al., 2003; GUTIERREZ et al.,
2000; MOGHADDAR and DIANTPOUR, 2009;
TADESSE etal., 2012). This could be explained in
part by different age categorization. In Iran, camel
rearing in most parts of the country generally takes
place in villages, in desert areas with hot summers,
and rarely in mountainous and plain areas. In
some studies, significant differences in positivity
between geographical areas were attributable to
differences in the management of the animals,
including their nutrition, host activity, and differing
climates (SALIM et al., 2011). Since all the farms
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participating in the present study had almost the
same management and all the localities had the
same climates, there were no significant differences
in prevalence among the different regions.

Molecular analysis is essential for phylogenetic
analyses and determination of the taxonomic
identities of trypanosomosis (STEVENS et al.,
2001). In this study, the BLAST comparison
of the partial sequences of VSG gene revealed
98.4% homology with the sequence from the T
evansi strain collected from a horse (LC008133.1)
and cattle (AB979445) in Punjab, India, 99.8%
homology with 7. evansi from cattle in Thailand
(AY912277), and 97.8% homology with isolates
from dogs in Thrissur, Kerala (MG600142).
Phylogenetic analyses of 7. evansi revealed neither
host nor geographic specificity. In this context, the
introduction of infected animals is a risk factor
for the spread of the disecase. POURJAFAR et al.
(2013) showed that 7. evansi is probably related
to the capacity for rapid adaptation to different
host species and environments. The phylogenetic
trees based on the VSG gene sequence analyzed
in the present study were helpful for unravelling
the phylogenies and relatedness of the Iranian
isolates. The Iranian isolates were clustered
with those of 7. evansi retrieved from Genbank.
Maximum parsimony analyses showed that the
MK?752393 isolates are distinctly separated from
other sequences (Fig. 2). This pattern unexpectedly
reflects the intrasequence heterogeneity among
Iranian isolates, despite its being very subtle
(eleven single nucleotide polymorphism sites
within 200 bp). Furthermore, on the basis of the
phylogenetic tree in this study, it seems that the
gene sequence revealed the extensive similarity of
T evansi and T. brucei, and supports the claim of
CARNES et al., (2015) that T. evansi should be
classified as a subspecies of 7. brucei. In the same
study, phylogenetic analysis demonstrated that T.
evansi, and the closely related horse parasite 7.
equiperdum, evolved more than once from 7. brucei.
Authors also demonstrated extensive similarity to
T brucei, including the maintenance of numerous
genes that 7. evansi no longer requires. Therefore,
despite the significant functional and pathological
differences between T. evansi and T. brucei, their
analysis supported the opinion that 7. evansi is not
an independent species.
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Conclusions

In conclusion, the genetic diversity of 7. evansi
in Iranian dromedary camels was shown in our
study. The results may be used as preliminary data
for studying genetic diversity and the dynamics of
T evansi.
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SAZETAK

Sura je bolest od posebne vaznosti u zemljama kao Sto je Iran, koje imaju veliku populaciju deva. Cilj ovoga
istrazivanja bio je odrediti prevalenciju Trypanosoma evansi u deva u Iranu. Ukupno 167 uzoraka krvi farmski drzanih
deva istrazivano je na prisutnost invazije s 7. evansi primjenom parazitoloskih i molekularnih metoda. Istrazivanje
krvnog razmaza pokazalo je 10 (6 %) pozitivnih uzoraka, dok je PCR pokazao 14 (8,4 %) pozitivnih uzoraka. U ovom
istrazivanju dob, spol i podruc¢je uzgoja nisu odredivani kao rizi¢ni ¢imbenici za invaziju s 7. evansi. Filogenetsko
stablo izvedeno iz sekvencija VSG gena 7. evansi jasno je razdvojilo sekvencije u dvije klade, A i B, i odrazava
unutarsekvencijsku heterogenost medu iranskim izolatima. Filogenetsko stablo pokazalo je da su iranski sojevi 7.
evansi ¢lanovi klade 7. brucei.

Kljucne rijeci: Trypanosoma evansi; deva; Iran; filogenetsko stablo
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