
ORIGINAL ARTICLE

An acute outbreak of natural Trypanosoma evansi infection
in camel (Camelus dromedarius) herds in the southwestern Iran

Amir Zakian1
& Mohammad Nouri1 & Pegah Safaei1 & Majid Mohammad-Sadegh2

&

Houman Kahroba3 & Mohammad-Reza Mokhber-Dezfouli4 & Rezvan Moallemian5

Received: 15 April 2016 /Accepted: 27 September 2016 /Published online: 18 October 2016
# Springer-Verlag London 2016

Abstract Trypanosomosis is a common disease in camels
and other ruminants, horses, dogs, and of the most important
diseases in camels causing huge losses in different countries.
Two camel herds in mid-summer of 2014 were involved by
wasting infectious disease with cachexia and progressive
weakness in southwestern Iran. Upon clinical examination,
tachycardia, fever, edema and facial swelling, keratitis,
hypopyon, pale mucous membranes, alopecia, dehydration,
enlarged lymphatic nodes, and reluctance to move were sub-
mitted in a large number of camels. Finally, according to the
clinical signs, hematological and biochemical changes, and
also observing trypanosomes in peripheral blood smears of
camels, trypanosomosis was confirmed. For detection of try-
panosome and assuring the virulence of current strain,
laboratory-bred mice were inoculated intraperitoneally and
subcutaneously with 0.5 ml of buffy coat or whole blood of
each smear-positive camel. Parasitemia with anemia was ob-
served in experimentally inoculated mice. Furthermore, the
DNAwas extracted from the blood and tissue samples of the
camels and aborted fetus respectively, and analyzed by nested

polymerase chain reaction (nPCR) using specific primers.
Disease confirmed and the camels in both herds with the same
clinical signs were treated by trypanocide drugs. The signs of
trypanosomosis were obviated in all involved camels. It was
concluded that trypanosomosis was the cause of abortion and
the other observed signs in the camels of Khuzestan province,
Iran.
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Introduction

Trypanosoma evansi is the most widely distributed of the
pathogenic African trypanosomes of animals, affecting do-
mestic livestock and wildlife in Asia, Africa, and Latin
America (Luckins and Dwinger 2004). This parasite is wide-
spread throughout tropical and subtropical areas. However, in
Africa, where camels may contact tsetse-transmitted trypano-
somes, infections may also occur with Trypanosoma brucei,
Trypanosoma congolense, Trypanosoma vivax, and
Trypansoma simiae (Wernery and Kaaden 2002). T. evansi
is transmitted by a number of species of hematophagous biting
flies including Tabanus, Stomoxys, Lyperosia, and
Haematobia (Rutter 1967). In addition to the name surra, oth-
er names such as Bmurrina,^ Bmal de caderas,^ or
Bderrengadera^ are used to describe similar diseases caused
by trypanosomes indistinguishable from T. evansi in the other
countries (Losos 1980; Luckins 1988). The degree of the dis-
ease may be acute, subacute, chronic, or inapparent, but gen-
erally, chronic form is the most common (Ngaira et al. 2003).
In the acute form, trypanosomes are present in the blood and
the disease is almost always fatal (Rutter 1967). In chronic
forms, a huge production loss occurs due to lower milk and
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meat yields in adults. Abortions, premature births, and an
inability to feed the young all greatly reduce the reproductive
potential in affected herds (Yagil 1982). Natural and experi-
mental camel trypanosomosis have been described in different
parts of the world (Dia 1997; Al-Rawashdeh et al. 2000a, b;
Pacholek et al. 2001; Njiru et al. 2002).

Severe outbreaks occurred in different parts of the world
where several thousand animals affected in the 1970s and, of
late, in 1994, 1995, 1998, 1999, 2000, 2004, and 2008. For
instance, those in Pantanal, Brazil, UAE, Jordan, Canary
Island, Chad, and France have also been well documented
(Luckins 1988; Chaudhary and Iqbal 2000; Abo-Shehada
et al. 1999; Gutierrez et al. 2000; Delafosse and Adoum
Doutoum 2004; Desquesnes et al. 2008). Trypanosomosis
was reported for the first time in Iran by Rafiee (1979).
Derakhshanfar et al. (2010) in southern, Khosravi et al.
(2013) in southeastern, Ahmadi-Hamedani et al. (2014), and
Sazmand et al. (2011) in central regions of Iran reported out-
breaks and prevalence of the disease, but based on our knowl-
edge, this is the first documented outbreak in Khuzestan prov-
ince, southwestern Iran. In this communication, we intend to
determine the probability of the alteration in clinical, hemato-
logical, and some biochemical parameters of naturally infect-
ed camels (Camelus dromedarius) with T. evansi in the trop-
ical regions of Iran and confirmed virulence of the present
strain in Khuzestan province by inoculation test in the
laboratory-bred mice.

Material and methods

Clinical examination

In mid-summer of 2014, two separate herds of 300 camels in
rural areas of Ahvaz city with a history of death, abortion,
stillbirth, cachexia, weakness, anorexia, depression, lack of
production, diarrhea, and in some cases constipation had be-
gun a month ago referred to Veterinary Teaching Hospital
(VTH) of Shahid Chamran University of Ahvaz, Iran.
Ahvaz is located in the southwest of Iran between 31° 19′
21 N latitude and 48° 40′ 15 E longitude, and it is situated at
elevation 23 m above sea level. It has a desert climate with
long, very hot summers and mild, short winters. This city is
consistently one of the hottest cities on the planet during the
summer, with summer temperatures regularly at least 45 °C,
sometimes exceeding 50 °C with many sandstorms and dust
storms common during the summer period.

After clinical examination, the same signs included tachy-
cardia, fever, edema and facial swelling, keratitis, hypopyon,
pale mucous membranes, alopecia, dehydration, enlarged
lymphatic nodes, sternal recumbency, and reluctance to move
were submitted in the most of animals. The camels were treat-
ed with broad-spectrum antibiotic (Oxytetracycline) and

nonsteroidal anti-inflammatory drug (Flunixin meglumine)
for 4 days but no signs of recovery were noticed. Our veteri-
nary team visited the affected herds and examined sick camels
in order to obtain an accurate and complete assessment.

Sample collection

Camels with clinical signs and history of abortion, stillbirth,
weight loss, lack of production, anorexia, and previous antibiotic
treatment were considered for blood sampling andmarked using
the color spray, and information on age, sex, and parity number
were recorded. Formore evaluation, two separate blood samples
of jugular vein were collected from 68 infected camels with
clinical signs and 20 apparently healthy camels with approxi-
mately 4 years old, thoughmost camels were females (78.1% of
the affected camels and 80%of apparently healthy camels). One
sample was collected into a tube containing EDTA for hemato-
logical parameters, parasitological survey, and total nucleic acid
extraction for nested PCR (nPCR) amplification, another into a
clot activator tube for biochemical parameters. The serum sam-
ples were collected and preserved at −20 °C until its processing.
Also, a fresh tissue sample of some aborted fetus was randomly
collected for DNA extraction and nPCR amplification.

Serological evaluation

To disprove the presence of other important abortive microor-
ganisms in these camel herds, serum samples were analyzed
for the presence of Brucella abortus to find Brucella-free
camels (an endemic disease in Iran). Antigen for Rose
Bengal plate test (RBPT) and serum agglutination test (SAT)
was prepared and performed according to the method of Alton
et al. (1975). B. abortus strain 99 was obtained from Razi
Institute, Karaj. In RBPT, the results were taken as 1+ if the
agglutination was visible after 4 min of mixing of serum and
antigen, 2+ if the agglutination took place immediately, and
negative if there was no agglutination. In SAT, the titers of 1/
80 or above were considered positive.

Parasitological examination

Blood smears prepared using blood were taken aseptically
from the ear vein of 68 affected camels and 20 apparently
healthy camels (negative control group) on site, air dried,
fixed with methanol, and in the parasitology laboratory
stained with the conventional Giemsa stain (Baharafshan
Co., Iran) and observed microscopically to investigate the
presence of T. evansi.

To detect trypanosome and also to confirm the virulence of
circulating pathogen in the camel herds, 20 laboratory-bred
mice (about 5–7 weeks old, purchased from the Pasteur
Institute, Iran) per any were selected for inoculation test
by infected blood sample with T. evansi that confirmed
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microscopically. At the first, 20 mice randomly were divided
into two groups with a normal diet, ad libitum water access,
and similar condition, and five healthy mice were allocated as
the control group. One group consisting of ten mice were
inoculated intraperitoneally (IP) with 0.5 ml of buffy coat after
centrifugation of infected blood and another group with ten
mice inoculated subcutaneously (SC) with 0.5 ml of infected
whole blood. After inoculation, mice were checked visually
daily and by thin and thick wet smear examination of the tail-
tip blood every 2 days in the presence of T. evansi.

Hemato-biochemical investigation

Red blood cell (RBC) count, hematocrit (HCT), hemoglo-
bin (HGB), mean corpuscular volume (MCV), mean cor-
puscular hemoglobin (MCH), mean corpuscular hemoglo-
bin concentration (MCHC), red cell distribution width
(RDW), and white blood cell (WBC) count of sampled
camels were analyzed using a BC-2800 Vet hematology
analyzer (Mindray Co., China). For differential white
blood cell counting, a blood smear was prepared and the
number of neutrophils, lymphocytes, monocytes, and eo-
sinophils were microscopically enumerated. In addition,
above-mentioned hematological parameters in allocated
mice were analyzed to survey the pathogenicity of the
present strain of T. evansi.

Serum concentrations of fibrinogen, urea, creatinine,
glucose, calcium, phosphorous, albumin, alkaline phos-
phatase (ALP), total protein, total bilirubin, direct biliru-
bin, and iron were measured using an automated clinical
chemistry analyzer (Ebra Mannheim, XL 200, Germany)
with commercially available kits (Pars Azmoon Co., Iran).
Globulin concentration was calculated by subtracting the
total protein value from albumin.

Extraction of DNA from blood and tissue samples

Total genomic DNA was extracted from the blood by the
QIAGEN kit (QIAGEN Inc., Germany) according to the man-
ufacturer’s instructions. Briefly, 200 μl of whole blood, 50 μl
of proteinase K, and 200 μl of lysis buffer were added and
incubated at 37 °C for 30 min, then at 70 °C for 10 min. Two
hundred microliter of absolute ethanol was added to each
sample and mixed by vortexing and spinning, then transferred
to the column which was placed in a 2 ml collection tube and
centrifuged at 8000g for 1 min. The QIAspin column was
washed twice using 550 μl of washing buffers. The QIAamp
spin column was then placed in a clean 1.5 ml tube and the
DNAwas eluted with 100 μl elution buffer preheated at 70 °C.
Maximum DNA yield was obtained by spinning at 12,000g
for 1 min. The DNA concentration was determined by spec-
trophotometry at 260 nm wavelength. Five microliter of the
extracted DNAwas used for PCR amplification.

Moreover, 1 gr of each tissue sample was collected from
the liver and spleen of aborted fetus eluted in 5 ml distilled
water and transported to the laboratory immediately. Tissue
samples were mechanically broken down by homogenizer,
then treated by freezing and thawing and finally centrifuge
at 3000 RPM for 10 min. Two hundred microliter of the su-
pernatant was used for DNA extraction according to the pro-
cedure which described before.

Primers selection

For detection, we used nPCR and the primer sets are as fol-
lows. Highly conserved regions of the published sequence of
the nuclear repetitive gene of T. evansi were used for primer
selection as F1 (5)-AGG ACG CAG AAATAG CAG TA-(3)
and R1 (5)-ATT TAATTG AGT GGC GTG AG-(3) (Artama

Fig. 1 Amplification of nPCR
products (270- and 810-bp) of
four infected camels with
T. evansi. (The amplified products
were analyzed by electrophoresis
onto 1.0 % ethidium-bromide-
stained agarose gel. L DNA
ladder, B Blank)
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et al. 1992) with PCR product size 810 bp as external primers
and for the internal sets of the primers F2 5-CTT TTA TAC
GAGGAGAGGGA-3 and R2: 5-TATGGGCGTGCAGAT
TTC AC-3 that results in 270-bp fragment.

External and internal PCR

Two hundred fifty microliter of 10× PCR buffer plus 100 μl of
magnesium chloride and 12.5 μl of dNTPs were mixed
tougher thoroughly. The primers were used at 20 pg/μl con-
centration, and double distilled water was added to bring the
volume of the stock buffer solution to 1.5 ml. Two microliter
of primers, 5.0 μl of the target DNA, and 42 μl of the stock
solution were added into 0.5 ml PCR tubes and mixed by
shaking gently. One microliter of Taq DNA polymerase
(CinnaGen Co.) was added at a concentration of 5.0 U/μl in
a final volume of 50 μl. The thermal cycling program was
2 min initial incubation at 95 °C, followed by 40 cycles of
95 °C for 1 min, 55 °C for 30 s, and 72 °C for 45 s, and a final
incubation at 72° for 10 min on a board thermocycler. Fifteen
microliter of each PCR products was loaded onto 1.0 % aga-
rose gels stained with safe stain (CinnaGen Co.) and electro-
phoresed and visualized by Gel doc under UV. Also for inter-
nal nested PCR, 2.0 μl of the primary PCR product resulted
from F1R1, transferred to 0.5-ml PCR tube containing 2 μl of
internal primers, 42 μl of the stock PCR buffer, and 5.0 U/μl
of Taq DNA polymerase in a final volume of 50 μl. The PCR
program was as follows: 2 min incubation at 95 °C, followed
by 30 cycles of 94 °C for 1 min, 55 °C for 30 s, and 72 °C for
45 s, and a final incubation at 72 °C for 10 min. Fifteen mi-
croliter of each PCR product loaded onto 1.5 % agarose gel
and electrophoresed. The gel was stained with safe stain and
the nested PCR products were easily identified following ob-
servation under UV light (Fig. 1).

Results

Out of 88 tested blood samples, four cases (4.54 %) were
serologically positive for brucellosis that were crossing
checked by SAT. All remaining Brucella-free samples
were selected for further studies and positive samples
eliminated.

The definitive and relative frequencies of parasitological
examination, epidemiological parameters, and history of two
affected camel herds are shown in Table 1 in details. The
parasitological results showed 75 % of tested camels had
T. evansi smear-positive. In this study, rate of morbidity, mor-
tality, and stillbirth were 20.3, 3.2, and 2.33 %, respectively.
Also, 16 (5.3 %) and 20 heads (6.66 %) had abortion and
retained placenta history in recent parturition, respectively
(Table 1). T
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Clinical signs and biochemical parameters of the affected
camels which were recorded and statistically compared based
on the three groups of camels (negative control, smear-posi-
tive, and nPCR-positive camels) are shown in more detail in
Table 3. The results of Table 3 illustrated that clinical signs of
smear-positive camels were much more intense than nested
PCR-positive camels and, in the majority of biochemical

parameters, there was statistical difference between infected
and control groups. In the present study, significant changes
were found in terms of serum concentrations of urea
(P < 0.01), fibrinogen (P < 0.001), glucose (P < 0.01), ALP
activities (P < 0.05), total bilirubin (P < 0.05), direct bilirubin
(P< 0.05), and iron (P< 0.001) in the group of smear-positive
camels, while mean values of serum calcium, phosphorus, and
creatinine had not changed significantly between groups.
Besides, biochemical parameters in smear and nPCR-
positive camels did not show a remarkable difference
(Table 3). Also, due to observing trypanosome in peripheral
blood samples of tested camels, parasitemia was confirmed
(Fig. 2).

Fifty-seven (89.1 %) out of 64 tested blood samples inves-
tigated by nPCR were positive. External primer sets amplify
our target sequence and internal primers specially amplify our
target, and because internal primers have extra an annealing
site out of target, we used nPCR to simplify the desired se-
quence exactly. The amplification of positive nPCR in four
camels was shown in Fig. 1.

In the hematological survey of smear-positive camels, se-
vere leukocytosis, neutrophilia, and decrement of HGB
(P < 0.01), HCT (P < 0.01), and RBC concentrations
(P < 0.05) were seen that refer to anemia as shown in Table 2.

Furthermore, in the laboratory bred-mice under study, on
the fifth day in IP inoculated mice group with buffy coat and

Fig. 2 Giemsa staining smear of an infected camel with trypanosome
evansi. Note to anisocytosis of RBCs. Kinetoplast, nucleus and flagellum
of trypanosomes are obvious

Table 2 Hematological parameters of infected camels, experimental inoculated mice with T. evansi, negative control camels, and mice (mean ± S.D)

Parameters Negative control
camels

Smear-positive
camels

Nested PCR-positive
camels

IP inoculated
mice with buffy
coat

SC inoculated
mice with whole
blood

Negative
control mice

No. 20 44 57 10 7 5

RBC (106/μl) 12.21 ± 0.16 6.59 ± 1.12* 12.15 ± 0.09 7.07 ± 1.16* 7.53 ± 1.64 8.75 ± 1.01

HGB (g/dl) 15.23 ± 0.64 9.7 ± 2.5** 15.16 ± 0.51 13.5 ± 2.20 13.69 ± 1.15 15.24 ± 2.03

HCT (%) 27.0 ± 3.6 21.10 ± 6.1** 26.10 ± 3.2 45.91 ± 4.12* 43.78 ± 5.01* 50.21 ± 4.15

MCV (fl) 28.6 ± 1.12 34.1 ± 4.18* 27.80 ± 1.43 56.43 ± 3.25 55.17 ± 2.15 54.21 ± 6.25

MCH (pg) 13.56 ± 0.09 14.0 ± 0.7 12.14 ± 0.16 15.62 ± 61.02 15.1 ± 1.54 15.44 ± 1.16

MCHC (g/dl) 45.1 ± 5.2 40.41 ± 2.23 44.03 ± 4.3 35.14 ± 4.13* 32.21 ± 1.42 30.29 ± 2.10

RDW (%) 16.1 ± 1.0 17.2 ± 3.12 16.30 ± 0.64 12.2 ± 0.89 13.9 ± 0.53 12.49 ± 0.88

WBC (109/l) 12.65 ± 0.18 25.1 ± 2.0** 13.32 ± 1.15 5.81 ± 0.01** 4.12 ± 0.11** 2.84 ± 0.30

Neutrophils (109/
l)

5.31 ± 0.61 (43 %) 7.21 ± 0.14 (60%)* 5.49 ± 0.18 (45 %) 0.34 ± 0.04
(21 %)*

0.41 ± 0.11 (22 %)* 0.74 ± 0.03
(40 %)

Lymphocytes
(109/l)

6.78 ± 1.02 (52 %) 4.62 ± 0.05 (34%)* 6.64 ± 0.12 (51 %) 8.94 ± 0.42
(68 %)*

7.46 ± 0.07 (66 %)* 3.82 ± 0.68
(55 %)

Monocytes (109/
l)

0.28 ± 0.03 (3 %) 0.17 ± 0.01 (2 %) 0.30 ± 0.06 (3 %) 0.15 ± 0.02
(5 %)*

0.13 ± 0.03 (4 %) 0.09 ± 0.01
(3 %)

Eosinophils (109/
l)

0.21 ± 0.01 (2 %) 0.36 ± 0.02 (4 %) 0.06 ± 0.01 (1 %) 0.09 ± 0.01
(5 %)*

0.08 ± 0.01 (5 %)* 0.02 ± 0.01
(1 %)

Basophils (109/l) – – – 0.03 ± 0.01 (1 %) 0.05 ± 0.02 (3 %) 0.01 ± 0.02
(1 %)

Statistical difference is significant in comparison to negative control camels and negative control mice when *P < 0.05 and **P < 0.01

PCR polymerase chain reaction, IP intraperitoneally, SC subcutaneously
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on the seventh day in SC inoculated mice group with thewhole
blood, for the first time T.evansi in the smears of the tail-tip
blood detected and parasitic infection in both groups was con-
firmed. Themouse inoculation test (MIT) results were showed;
IP inoculated mice with buffy coat had low mean values of
RBC (P < 0.05), HCT (P < 0.05), and neutrophils (P < 0.05)
and high mean values of MCHC (P < 0.05), WBC (P < 0.01),
lymphocytes (P < 0.05), monocytes (P < 0.05), eosinophils
(P < 0.01), and basophils (P < 0.01) compared to SC inocu-
lated mice with whole blood and negative control mice
(Table 2). Out of ten IP inoculated mice with buffy coat
100 % (10/10) and out of ten SC inoculated mice with whole
blood 70 % (7/10) became infected, and trypanosomosis was
observed in the tail-tip blood microscopically (Figs. 3 and 4).

The infected camels and camels with the same clinical
signs were treated with diminazene aceturate 7 % (Rooyan
Darou Pharmaceutical Co., Iran), 5 mg/kg BW, IM, q48 hours,

flunixin meglumine (Flumax M®, Rooyan Darou
Pharmaceutical Co., Iran), 2.2 mg/kg BW, IM, q12 hours,
and vitamin B complex (B Coject®, Rooyan Darou
Pharmaceutical Co., Iran), 0.1 ml/kg BW, IM, q24h. After 1-
week, the affected camels re-examined and blood samples
were taken to investigate blood parasite and hematological
parameters, but signs of parasitemia and anemia had been
disappeared. After 1 month gradually, abortion, stillbirth and
mentioned signs were eliminated in the infected herds and
production of camels return to its initial state.

Discussion

Camels are currently breeding in several provinces of Iran and
represent populations are 156,000 heads. In 2009, there were
7832 heads of camel in Khuzestan Province which approxi-
mately included 8.7 % of the livestock population (FAO,
2009).

The significance and pathogenesis of trypanosome are
mostly related to productivity decrement and progressive ca-
chexia in the camels. It also can cause hump loss and muscle
atrophy. Tracheal edema was noticed with a few purulent
edemas. In the acute stage of the disease, diarrhea, abortion,
and mortality are probably noticing in infected herds (Al-
Rawashdeh et al. 2000a, 2000b). The general clinical signs
of T. evansi infection are not sufficiently pathognomonic for
diagnosis; therefore, laboratory tests are required for detecting
the parasite. In early stages or acute cases, when parasite
counts are high, examination of wet blood films, stained blood
smears, or lymph node materials might reveal the trypano-
somes. In more chronic cases or more generally when the
parasitemia is low, the examination of thick blood smears, as
well as methods for measuring parasite concentration along
with the inoculation of laboratory rodents, is indispensable. In
apparently healthy carriers, parasites are rarely observed and
the MIT gives the best results (OIE Terrestrial Manual 2012).

Inoculation of the causative agent of disease in laboratory
rodents is a highly sensitive method for the diagnosis of
T. evansi infection (El-Baky and Salem 2011). Evaluation of
hematological changes in experimentally infected mice that as
evidence of the disease in camels also indicates anemia and
leukocytosis in them. The results of the current study in
Khuzestan province were in agreement with the results of
Omer et al. (2007) and Raoofi et al. (2009), which both of
them inoculated the blood of infected camels in laboratory
mice and examined hematological alterations. Zia-ur-
Rehman (1992) demonstrated neutropenia, lymphocytosis,
and eosinophilia in one-humped camels infectedwith trypano-
some, but his results are in contrast to the results of the present
study. Perhaps, this difference is related to the stage of the
disease. In the acute form of trypanosomosis or if the disease
was diagnosed quickly, it will not become chronic; as a result,

Fig. 3 Giemsa staining smear of IP inoculated mouse with buffy coat.
Abnormal form of RBCs is obvious. Not to hypochromic, anisocytosis,
stomatocytosis, and spherocytosis of RBCs

Fig. 4 Giemsa staining smear of SC inoculated mouse with whole blood.
Abnormal form of RBCs is obvious. Not to hypochromic, anisocytosis,
and stomatocytosis of RBCs
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the signs of immune suppression and neutropenia will not be
seen.

Sensitivity of different parasitological detection methods in
the diagnosis of T. evansi in camels has been investigated by
other authors; the sensitivity of blood examination was 45.0%
(Godfrey and Killick-Kendrick 1962), 26.0 % (Pegram and
Scott 1976), and 50.0 % (Nantulya and Lindqvist 1989), re-
spectively, but the sensitivity of MIT in all studies was 100 %.
The ability of the MIT to detect T. evansi infection declined
with decreasing parasite level in the blood, i.e., 96, 100, 95,
and 80 % at 1000, 125, 25, and 12.5 T. evansi per milliliter,
respectively (Reid et al. 2001). Substituting buffy coat for

blood in the MIT increased its sensitivity for detecting
T. evansi at least ten-fold. However, more mice should be
tested with buffy coat to obtain an accurate estimate on the
number of mice that would be required to ensure a 95 %
probability of detecting infection with fewer than one
T. evansi per milliliter of blood (Reid et al. 2001). In the
present study, sensitivity of blood examination test, IP and
SC inoculated mice were 100, 100 and 70.0 %, respectively
(Table 1).

To assure the correct diagnosis, we sequenced two random
PCR products and the blast result confirmed our detection
(Fig. 1). The nPCR assay was a simple and rapid procedure

Table 3 Clinical signs and
biochemical parameters of
negative control camels,
smear-positive camels and nested
PCR-positive camels
(mean ± S.D and %)

Parameters Negative control
camelsa

Smear-positive
camelsa

Nested PCR-positive
camelsa

No. 20 44 57

Temp (°C) 37.32 ± 0.61 40.86 ± 0.74** 37.54 ± 0.25

Heart rate (BPM) 53.20 ± 4.3 69.07 ± 5.2* 52.51 ± 4.6

Increased heart sound
intensity

2 (10 %) 11 (25 %)** 1 (1.7 %)

Respiratory rate (RBM) 12.63 ± 2.2 17.59 ± 3.6* 13.94 ± 3.0

Increased breath sound 3 (15 %) 4 (9 %) 4 (7 %)

Anorexia – 5 (11.3 %)* –

Lymph nodes enlargement 2 (10 %) 12 (27.2 %)* 2 (3.5 %)

Mucosal pallor 1 (5 %) 9 (20.4 %)* 4 (7 %)

Mucosal jaundice – 22 (50 %)** 7 (12.2 %)

Mucosal petechiae 1 (5 %) 5 (11.3 %) 2 (3.5 %)

Diarrhea – 10 (22.7 %)* 5 (8.7 %)

Constipation 1 (5 %) 6 (13.6 %) 4 (7 %)

Loss of milk production – 33 (75 %)*** 3 (5.2 %)

Abortion – 16 (36.3 %)*** –

Stillbirth – 6 (13.6 %)* 1 (1.7 %)

Retained placenta – 17 (38.6 %)** 3 (5.2 %)

Fibrinogen (mg/dl) 200 ± 100 500 ± 100*** 200 ± 100

Urea (mg/dl) 22.81 ± 1.21 38.01 ± 3.2** 19.85 ± 1.34

Creatinine (mg/dl) 1.47 ± 0.13 1.56 ± 0.26 1.40 ± 0.28

Glucose (mg/dl) 89.08 ± 7.35 136 ± 22** 85.43 ± 5.12

Calcium (mg/dl) 9.73 ± 1.03 9.61 ± 0.75 9.45 ± 0.82

Phosphorous (mg/dl) 4.65 ± 0.80 4.54 ± 0.94 4.47 ± 0.31

ALP (U/l) 76.17 ± 4.23 88.21 ± 6.02* 76.60 ± 5.47

Total protein (g/dl) 6.29 ± 0.29 6.71 ± 0.31* 6.31 ± 0.52

Albumin (g/dl) 3.95 ± 0.13 3.01 ± 0.41* 3.55 ± 0.21

Globulin (g/dl) 2.34 ± 0.21 3.7 ± 0.60** 2.76 ± 0.15

A/G ratio 1.68 ± 0.09 0.81 ± 0.11* 1.28 ± 0.13

Total bilirubin (mg/dl) 0.28 ± 0.03 0.43 ± 0.11* 0.26 ± 0.07

Direct bilirubin (mg/dl) 0.11 ± 0.01 0.20 ± 0.05* 0.10 ± 0.02

Iron (μg/ml) 121.61 ± 6.40 37.11 ± 2.79*** 118.14 ± 7.19

Statistical difference is significant in comparison to negative control camels when *P < 0.05, **P < 0.01, and
***P < 0.001

PCR polymerase chain reaction
a Percentage in parenthesis
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which efficiently detected all T. evansi strains under the strin-
gency conditions. The laboratory detection indicated that the
nPCR protocol was capable of detecting the amount of more
than 10 fg of total T. evansi genomic DNA. This could be very
detrimental in the diagnosis of cryptic and latent carriers
where parasite concentration is very much lower to be ampli-
fied by a simple PCR technique or by conventional serological
and microscopic techniques, hence nPCR method is very ac-
curate and sensitive for detection of acute and intense T. evansi
infection.

In this study, by investigating hematological parameters,
we found a significant reduction in the amount of erythro-
cytes, hematocrit, and hemoglobin concentration occurred in
the infected camels with T. evansi compared to apparently
healthy camels of the control group. Due to the remarkable
increasing amount of MCV in the infected camels (P < 0.05),
in term of cytological and etiological aspect, observed anemia
was macrocytic and hemolytic, respectively. The results of
present research in Khuzestan province were in agreement
with the results of other authors (Chaudhary and Iqbal 2000;
Saleh et al. 2009; El-Baky and Salem 2011). Hemolytic ane-
mia that happens in T. evansi infection usually occurs after
hemolysis due to a reduction in RBC life span and increase
in erythro-phagocytosis. In addition, other factors such as im-
munological mechanism, coagulopathies, suppression of he-
matopoiesis, and release of sialidase enzyme from trypano-
somes lead to hydrolysis of sialic acid (derived from N-acetyl
neuraminic acid) in the membrane of RBCs and, as a conse-
quence, lead to the destruction of red blood cells and anemia,
which was mentioned clearly in the study of Ahmadi-
hamedani et al. (2014).

With counting circulating leukocytes, there was a signifi-
cant increase in theWBC level with leukocytosis in the infect-
ed camels (P < 0.01) than control group. Leukocytosis may be
seen following neutrophilia in trypanosomosis as a result of
increased activity of the phagocytic system. In the early stages
of acute trypanosomosis, a significant increase in the number
of neutrophils and lymphocytes occurs, because these cells are
the first line of defense against T. evansi infection. The results
of this study (Table 2) are in agreement with the findings of
Chaudhary and Iqbal (2000) in the respect of differential
WBC counting.

The results of biochemical parameters in the present study
represent hypoalbuminemia with hyperglobulinemia in the
infected camels (Table 3). In this disease, the presence of
trypanosome in blood circulation stimulates the immune sys-
tem, leading to more immunoglobulin secretion which results
is hyperglobulinemia. In addition to the above-mentioned rea-
son, hypoalbuminemia may be induced due to severe degen-
erative changes in the liver that is associated with the inci-
dence of hepatic necrosis. Also, following hyperglobulinemia
in the infected camels with T. evansi, hypoalbuminemia may
be a compensatory mechanism to maintain the blood

osmolarity. It should be noted that alteration of albumin/
globulin ratio in the current study occurred due to the presence
of hyperglobulinemia and hypoalbuminemia, so as a result, no
changes was seen in serum concentration of total protein
which is consistent with the results of Chaudhary and Iqbal
( 2 0 0 0 ) a n d Ahmad i - h amed a n i e t a l . ( 2 0 1 4 ) .
Hyperfibrinogenemia which occurred in our study refers to
the presence of acute inflammation and active response of
the immune system to T. evansi infection. Measurement of
b io chemi ca l pa r ame t e r s i n t h i s s t udy showed
hyperfibrinogenemia, hyperbilirubinemia, uremia, hypergly-
cemia, and increasing ALP activity of serum in the smear-
positive camels. Increased concentration of serum total biliru-
bin will occur after severe hemolytic anemia since the inten-
sity of hemolysis is more than the conjugation capacity of the
liver which leads to hyperbilirubinemia. Reduced serum ALP
activity during parasitemia was reported by Boid et al. (1980)
that came back to the normal range after treatment. The re-
markable reduction in iron concentration was found in infect-
ed camels of the present study that can be regarded as a de-
fense mechanism in the body which prohibits the parasite
using from iron by sending it into the cells. Also, this decline
may occur due to a decrement in the concentration of iron
transportation protein (i.e., ferritin). This results about a sig-
nificant reduction of iron concentration were in consistent
with Chaudhary and Iqbal (2000).

In conclusion, the virulence of circulating strain of
T. evansi in the present outbreak of Khuzestan province was
confirmed and the alterations pattern of hematological param-
eters in experimentally infected mice and hemato-biochemical
parameters with clinical signs in naturally infected camels
(Camelus dromedarius) showed.
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