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ABSTRACT

We devote this study to clarify the pathological alterations occurring in naturally infected
dromedary she-camels with 7. evansi causing abortion and stillbirth using parasitological
techniques for accurate and rapid detection of 7. evansi on both fields and experimental levels.
Also, to investigate and insure histopathological alterations in the experimentally infected
pregnant female mice with 7. evansi detected in blood of naturally infected she-camels. 220
she- camels (Camelus dormadarius) belonged to different localities in Wahat Baharia and
Mattroh governorates (suspected cases, clinically diseased cases, aborted cases and healthy
animals for comparison) were examined by direct microscopic examination of wet blood
smear and Giemsa stained of thin blood smears. Out of them, 92 animals (51.39%) were
positive for 7. evansi infection. The suspected cases of abortions in the infected dams
recorded from fifth to tenth month of gestation were 52 (34.78%) cases. The clinical signs of
trypanosomiasis in the study areas included intermittent fever (39.5 - 41°C), weakness and
emaciation with pale mucous membrane and dry scruffy coat. The eyes appeared dull and half
closed with considerable amounts of tears, in addition to the animal stand with his head raised
toward the sun. Histopathological examinations revealed degenerative changes and necrosis
in placentas and uteri of aborted dams. Congestion and necrosis were detected in liver.
Hyperplasia of spleen lymphoid follicles of aborted and stillborn feta was evident.

The experimentally inoculated pregnant female mice with the blood of the naturally infected
she-camels were conducted and the uterus, liver and spleen of the aborted dead female mice
showed the same lesions as in aborted she-camels, feta and stillborns.
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INTRODUCTION

T. evansi was the first pathogenic trypanosome recognized by Evans (1880), in India from
the blood of Indian horses and camels causes a disease known as Trypanosomiasis or surra in
all the principal species of domestic animals and it is also highly pathogenic to laboratory
animals (Patel, 1982; Pathak et al., 1993 and Soodan et al., 1995). The disease is seasonal
and the incidence is higher during rainy and post rainy seasons due to preponderance of
Tabanus flies (OIE, 2015). Other blood-sucking insects, which can transmit the infections
include Stomoxys, Lyperosia, Hematopota (flies) and Ornithodorus (tick) in equine, cattle and
buffaloes (Sumba et al. 1998; Sridhar, 1989 and Takle and Abebe, 2001). 7. evansi is
spindle-shaped, unicellular, extracellular flagella and motile protozoa with rapid twisting
motion. Most forms are long and slender belonging to phylum Sarcomastigophora, the order
of Kinetoplastidae, family of Trypan-somatidae and the genus of trypanosome, under the
salivary group (Urquhart et al., 1996; Kinne ef al., 2001). The sub genus Trypanosome
includes the pathogenic species 7. evansi, T. brucei and T. equiperdum (Tefera and Gebreab,
2004 and OIE, 2008). The parasite multiplies in blood through binary fission and undergoes
an acute phase with regular peaks of parasitaemia (El-Sawalhy, 1999 and Zeleke and Bekele,
2001). It is a potential killer of livestock in camels and causes economic losses to the farmers
in terms of morbidity, mortality, abortion, infertility, reduced milk yield, progressive loss of
appetite, loss in body weight, anemia, edema of lower parts of body, intermittent fever,
bilateral enlargement of prescapular lymph nodes, corneal opacity, salivation, lacrimation
(Luckins, 1992; Lohr ef al., 2009 and Pourjafar et al., 2012). The highest incidence of the
disease occurred during high rainfall, which encourages the breeding of vector population
(Juyal, 2017 and Dhami et al., 2018). It is considered as both blood and tissue parasite, due
to its ability to invade the nervous system, not only in horses ,camels, dog ,cat, rabbit, rodents
and saw but also in goat ,sheep, cattle and buffaloes (Uche and Jones, 1992; Juyal, 1996;
Mahmoud et al.,1999; Singla et al.,2003; Hasan et al.,2006;Dargantes et al., 2009; Coura
and Borges, 2010; Siriporn et al., 2011; Arjkumpa et al., 2012 and Sivajothi et al.,2015).
In camels, the disease is known as “Tribersa” or El- dabab or El- Gafar (Pathak and Khanna,
1995 and Pathak er al1997) and runs in acute and chronic form. In acute form there is
intermittent fever reach to 39.5 - 41°C with subcutaneous edematous swelling, lacrimation,
and it can be transported via the placenta to the fetus of experimentally infected animal but in

chronic form, edema of dependent parts, loss of milk and meat production, abortion and
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premature births (Tizard, 1985 and Ouma et al., 1997). Laboratory animals of choice are
rats and mice, which are highly susceptible to experimentally infection (Gill, 1991and Juyal,
2012). The disease has wide distribution in areas of Africa, Middle East and Asia such as
Somalia (Dirie et al., 1989), South America (Radostits et al., 2000), Kenya (Njiru et al.,
2002), Chad (Delafosse and Doutoum, 2004) and Pakistan (Hasan et al., 2006). 7. evansi
infections are also responsible for producing a state of severe immune suppression which
renders the infected host more susceptible to secondary infections and produce poor immune
response to bacterial and viral vaccines (Holmes, 1980 and Vincendeau er al, 2006).
The interference due to 7. evans infection with vaccination program have been postulated and
immune suppression has been shown in T.evansi-infected mice (Eyob and Matios, 2013),
also, their prominent effects on reproductive Performance causing abortion and stillbirth in
Egyptian ewes experimentally infected with 7. evansi (Dalal et al., 2008) and in
T. evansi infected rabbits (Chandra et al., 2000).

Sakr et al., 199 diagnosed Trypanosoma evansi infection in 30 out of 100 examined Egyptian
dromedary camels. The infected animals showed emaciation, atrophy of the hump, general
weakness, edema of the ventral parts of the abdomen and abortion resulted with neonatal
premature death. In several studies reported by (Gutierrez et al, 2000; Pacholek
et al, 2001; Njiru et al., 2004; Antoine et al.,, 2007 and Parsani ez al., 2008) and the
internal organs of infected camels with trypanosomes showed degenerative changes such as
fatty changes, congestion of the central vein. Focal leukocytes aggregation in the lung and
thickening of most of the alveoli with some areas of emphysema, in addition other changes in
spleen and kidneys were observed by (Gutierrez et al., 2005; OIE, 2008 and Marc ef al.
2013). T.evansi infection is described as destructive disease in nature and capable of causing
sudden death of the animal. So, the aim of the present investigation is to evaluate the
characteristic clinical signs and clarify the pathological alterations occurring in the aborted
dromedary she-camels naturally infected with 7. evansi in different localities and farms of
two important governorates for camel husbandry in Egypt and highlight on the prevalence of

camel trypanosomiasis in the study areas.
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MATERIAL AND METHODS

Sampling and target area:

Blood samples of 220 she-camels (Camelus dromedarius) at age of 3-10 years were collected
from different localities of Wahat Baharia and Mattroh governorates, Egypt (including
apparently healthy, suspected cases, clinically diseased animals with clinical signs of anorexia,
intermittent fever ,weight loss, lack of milk production, history of abortion and stillbirth for
parasitological investigations to detect the infection with 7. evansi .

1-Parasitological examinations:

A- Field techniques.

Whole blood samples were collected from she-camels under investigations (n=220) in the
field either in the evening or in the early morning by jugular vein puncture in sterilized coated
tubes with ethylene EDTA (tetra-acetic acid) as anticoagulant at a concentration of 1.0
mg/1ml of blood for parasitological examination and kept in cooler box and transported to the
laboratory.

B- Laboratory techniques.

Diagnosis of the disease was based on the presence of 7. evansi parasite using wet blood film
and by Giemsa stained blood smear. For the wet film technique; a drop of blood was placed
on a clean glass slide, cover slip, allowing the blood to spread then examined under
microscope as a tentative examination to observe jerky movements of the motile
trypanosomes. Thin blood smears were made as air dried smears fixed in absolute methyl
alcohol for 2-3 minutes. The slides were immersed in Giemsa's stain for 20-25 minutes and
washed with tape water to remove excess stain. After air-drying, the slides were examined
under oil immersion objective lens (1000x) for detection and identification of Trypanosomes
based on their morphological characters as method described by (Bruits and Ash wood,
1994). For comparison, blood samples from healthy pregnant dams from the same herd farms
were used as control. These camels had normal full term delivery and detected negative for
T. evansi, by wet blood film and stained blood smears.

C-Laboratory animal inoculation.

The T. evansi strain was isolated from the positive blood of the naturally infected she-camel
under investigation and has been maintained by serial passage into 5 mice. Positive blood was
injected intraperitoneally in mice (0.5 ml each). Serial passages in several mice were carried

out. Mice were examined daily by wet film from tail vein until parasitaemia reached more
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than 20/high power field. Mice were bled under terminal anesthesia and their bloods were
pooled. The strain was maintained in mice, where their infected blood was used for inducing
the experimental infection on the pregnant mice. Giemsa-stained blood films were prepared
for detection of infection and estimation of parasitemia. 25 white Swiss female pregnant mice
(at seven day of gestation) weighting from 23-25 gm obtained from Laboratory Animals
House, Research Institute of Ophthalmology, Giza, were used for induction of experimental
infection. 20 mice were inoculated intra-peritoneal with the maintained strain in mice with a
dose of 1 x 10*diluted mouse blood in 2 ml PBS for each one (Infective dose) after counting
on heamocytometer per ml of infected blood according to methods of (Singh et al., 2004).
5 mice were kept as control. Blood smears of the inoculated mice stained with Giemsa were
examined daily to estimate the parasiteamia.

D- Direct microscopic examination of the inoculated mice.

Wet smear of Spu of fresh peripheral blood collected from female mice tails were placed on a
clean glass slide and covered with cover slide then examined directly using a light microscope
to detect the jerky movement of trypanosomes according to (Carmona et al., 2006).
E-Giemsa stained blood smears.

A drop of blood was placed on one end of a clean glass slide and a smear was drawn out.
The blood smears were air-dried, fixed in methyl alcohol for 2 minutes and allowed to dry,
then stained by Giemsa stain 10%. Trypanosomes were detected by microscopic examination
at oil immersion-according to (Abdel-Rady, 2008).

2-Histopathological examination:

Thirty four uteri of aborted she-camels, internal organs (liver and spleen) of twenty-six
aborted feta with their placentas and twelve stillbirth calves were collected.

The uteri, spleens and livers of the experimentally inoculated female mice were immediately
collected and grossly examined.

Tissue samples from all these organs were fixed in 10% neutral buffered formalin, routinely
processed in automated tissue processor, embedded in paraffin, sectioned at 3-5 pm, stained
with hematoxylin and eosin (H&E) and examined by light microscope according to (Bancroft

and stevens,1990).
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RESULTS

1-Parasitological results:

A- She-camels.

Wet blood Films were taken from total number of she-camels in the target areas (n=220) and
out of them; there were 179 suspected infected cases and 41were normal healthy cases.

Out of 179 the suspected ones; 92 (51.39%) were T. evansi-positive by blood film
examination with high parasitaemia. The infected pregnant dams showed intermittent fever
and 52 (34.78%) cases of abortion were recorded in (Table 1). Light microscope examination
revealed that 7. evansi parasites were observed in Giemsa stained smear of blood from an
aborted she-camel as shown in Fig. (1).

B- Female mice.

Infected mice also showed dullness and delivery problems, such as stillbirth, and fetal death
that also led to female death. Mice from the control group had normal delivery of healthy off
springs. The present study revealed that, trypanosomes observed in the experimentally
infected pregnant female's mice using wet blood films and Giemsa stained blood film at three
days after infection and there was high parasitaemia on approximately seventh day post
inoculation, and the abnormal forms and hypochromic of RBCs were clearly noticed as
shown in Fig. (2).

2-Pathological results:

A-Clinical manifestations.

In the present study, infected she-camels showed clinical signs of weakness and loss of
appetite and weight with hard scruffy coat. The animal appeared restlessness and raise his
head towards the sun. Edema of the front limbs was clearly noticed as shown in Fig. (3).
A specific odor of the urine is detected by camel owners, which is efficient for diagnosing the
disease and loss of body condition. Affected camels also may exhibit a characteristic sweet
odor due to an increase of urinary ketones. Intermittent fever (39.5 - 41°C), sudden abortion
of several cases of the pregnant she-camels at different stages of gestation (from 5 " month
till 10" month) also, death of complete delivered calves with weak bodies after one or 2 days
(stillbirth). Number and percentages of all examined she-camels, their aborted feta and

stillbirth for detection of 7. evansi in study target area were recorded in (Table 1).
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Table (1) :Number and percentages of all examined she-camels, their aborted feta and

stillbirth for detection of 7. evansi in the study target area.

Clinically | Abortedshe |
Targetareaof | Swpectedinfected |  diseased camels of DRSS .-\bortedfftn Stillbirth after
de-cmds | shecamds |shecomesof | dinicaly | eneredsbe | (placentnliver |
suspected diseased camels and spleen)
Mattroh 1
governorate 5 38 20 ’ 10 4
(0=9%)
Wahat Baharia 0 54 0 n 16 g
(1=129)
m(i';‘;?)b” 19 |0GE10) [R200m| 3 26(500)** (12 23.0%) P

*The percentage of positive samples from diseased she-camels calculated according to the total
no. of suspected she-camels in target areas (n=179).

** The percentage of positive samples from aborted she-camel calculated according to the total
no. of suspected she-camels in target areas (n=179).

*** The percentage of positive samples from aborted feta calculated according to the total no. of
aborted she-camels in target areas (n=52).

**%* The percentage of positive samples from stillbirth calves calculated according to the total
no. of aborted she-camels in target areas (n=52).

- Healthy she-camels in the target areas which were examined: 220-179 = 41animals.

B-Pathological findings in aborted dams:

Uterus and placenta:

Grossly: the uterus of aborted she-camel appeared enlarged in size with mucoid exudates in
its lumen. On cut section, the endometrium was hyperemic, edematous and showed necrotic
spots Fig. (4).

Microscopical examination of uteri of aborted she-camel infested with 7 evansi revealed focal

hemorrhage and edema with aggregation of inflammatory cells as well as periglandular
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fibroblastic proliferation in the endometrium. The lumen of the uterine glands contained
cellular debris Fig. (5). Severe congestion of large blood vessels with perivascular and
mononuclear cell infiltrations accompanied with fibroblastic proliferation were noticed
Fig. (6). In addition to most of the uteri of infected she-camels suffered from chronic
endometritis characterized by degeneration and atrophy in the endometrial glands Fig. (7).
Also, the microscopic examination of the placentas of aborted dams revealed necrosis and
desquamation of the epithelium cell covering with cellular debris and inflammatory cells
aggregation Fig. (8).

B-Pathological findings in aborted feta and still birth.

Grossly: the body parts of aborted feta and stillborn calves were fully developed but they had
poor body condition. The necropsy revealed subcutaneous edema and congestion Fig. (9).
The liver was enlarged with moderate to severe congestion along with pale patches of
necrosis and the spleen was of normal size but showed moderate to severe congestion.

Microscopical findings of aborted feta and stillbirth:

The liver of aborted feta showed necrobiotic changes in the hepatocytes with hyperplasia of
bile duct associated with fibroblastic proliferations and mononuclear cell aggregations in the
portal area Fig. (10). the liver of stillborn calves showed focal inflammatory cell aggregations
with necrosis of hepatocytes Fig. (11). the microscopical examination of spleen of stillborn
calves revealed hyperplastic lymphoid follicles with wide germinal center Fig. (12) as well as
the spleen of aborted feta revealed the same lesion.

C-Pathological examination of experimentally infected pregnant female mice.
Histopathological examination of the non-infected control group did not showed any
pathological changes in all examined tissues. In experimentally infected groups, variable
prominent pathological changes were seen through the course of infection.

During parasiteamia (7days post inoculation), the gross examination resemble that of aborted
dams and the histopathological lesions of the uterus showed partial desquamation and
sometimes stratification in the endometrial epithelium and moderate infiltration of
inflammatory cells mostly sub epithelial. The lamina propria appeared edematous with
degeneration of the uterine glands Fig. (13). the spleen showed hyperplastic lymphoid
follicles Fig. (14), while liver showed degenerative changes varying from granular to vacuolar
and necrobiotic changes of the hepatocytes. The Parasite appeared in lumen of the central

vein Fig. (15).
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DISCUSSION

In the present work, the percentage of 7. evansi infection was (51.39 %) and this result is
different than that reported by (Amyl, 2014) who recorded the prevalence of 7. evansi in
dromedary camels was (32%) at Darwa quarantine, Aswan, Egypt. Our higher incidence of
the infected she- camels with 7. evansi was due to some environmental conditions resulting
from their habitat with other animals such as sheep and goats which considered as carrier to
the disease and there is a possibility that she - camels of the present study have been infected
while grazing in the areas having large number of vector population. These opinion come in
agreement with (Pathak and Khanna, 1995; Atarhouch ez al, 2003 and Gutierrez et al.
2005). Evaluation of the results of the current study in naturally infected she-camels and
experimentally infected mice come in parallel to that recorded by (Sakr et al., 1991).
Inoculation of the causative agent of the disease in laboratory female mice is a highly
sensitive method for the diagnosis of 7. evansi infection because the clinical signs of 7. evansi
infection are not sufficiently patho gnomonic 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 might reveal the trypanosomes.
In chronic cases when the parasitemia is low, the examination of thick blood smears with the
inoculation of laboratory mice is important (Oleo et al., 1996).So, mouse inoculation test is
generally regarded and accepted as the most sensitive method to detect the animal
trypanosomiasis and this test considered as an impractical field tool (Reid et al., 2001).
T. evansi is also highly pathogenic to laboratory animals (rat, mice and rabbit) (Patel et al.,
1982; Uche and Jones, 1992; Biswas et al., 2001; Singla et al., 2003).

Clinical signs such as dullness, pale mucus membrane with edema in the dependant parts of
the body during the chronic stage could be due to a significant decrease in the albumin levels,
resulting in alterations in osmotic pressure of the blood, the same symptoms were reported by
(Zelleke et al., 1989). Fever characterized by high temperature might be due to the effects of
toxic metabolites produced by dying trypanosomes. This opinion agrees with (Wellde et al.,
1989). Emaciation and lacrimation of the eyes observed in our study were also noticed by
Sakr et al., 1991 and AL-Rawashdeh et al., 2000 in 7. evansi infected dromedary camels in
Egypt. T. evansi would be expected to release large quantities of cytoplasmic and

mitochondrial enzymes into the serum, thereby causing further tissue damage in addition, the
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Parasite utilizes glucose and oxygen for its growth and multiplication resulting in depletion of
these metabolites leading to degenerative changes in the host. Further changes develop in the
organs either due to cellular damage caused by toxicants released by the parasite, or due to
immunological reactions such as reported by (Holmes ef al., 2017) in bovine and camels.

Our study revealed abortion in different stages of pregnancy and neonatal death among the
infected she-camels also stillbirth calves. These results come in agreement with (Dial, 1993
and Tibary, 2006). It has been speculated that an interaction between the trypanosomes and
the host may cause placental tissue damage and facilitate parasitic crossing of placental
barrier in donkey by (Kumar ef al. 2015).The damage to the placenta caused by the parasite
promote insufficient placental leading to interruption of pregnancy so placental insufficiency
may be the one of the factors responsible for abortion and still birth in infected camels.
These results agree with (Silva et al., 2013 and Shirish ef al., 2016). The gross pathological
findings such as severe congestion of aborted feta due to 7. evanmsi infection, similar
observation reported in ewes by (Silva ef al. 2013). The microscopically findings of
hemorrhages and hepatocellular necrosis with lymphocytic infiltrations and fatty degeneration,
also, hyperplastic changes in spleen of aborted feta and stillborn calves.These results were
recorded by (Losos, 1980) and similar to those reported in a study of experimentally infected
donkey foal by (Kumar et al. 2015). In this study, the pathological results observed in the
uteri and placentas were similar to those obtained by Chandra et al, 2000 in rabbits;
Chaudary and Iqpal, 2000 in racing dromedary camel.Edema of the uteri of aborted dams
and the mononuclear cell infiltration in the stroma of the uterus and the engorged blood
vessels appeared to be the part of the immune proliferative response of the host against
trypanosome infection and these pathological alterations could be considered as a good
defense of the uterine tissue against 7. evansi infection. This suggestion was supported by
(Coura and Borges, 2010) who recorded that these histopathological findings play a great
role in the occurrence of abortion in pregnant camels and death of calves during or after
parturition. Uterine fibroblastic proliferation, inflammatory cells infiltration and glandular
damage were responsible for infertility and low productivity of the animals as reported by
Gutierrez et al., 2005 who believed that uterine damage alters protein synthesis. In addition,
Amer, 1992; Dalal et al., 2008 and Marc et al., 2013 stated that periglandular fibroblastic
proliferation plays an important role in the reduction of uterine milk and consequently early

embryonic death. Moreover, necrosis was considered as a main cause of abortion and
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stillbirth. These investigations come in agreement with (Lohr et al, 1986; and Radostits
et al., 2000) in buffaloes infected with 7. evansi. They reported that in trypanosome-infected
East African Zebu cows resulted in abortions and still births by ratio from 7 to 10%. In the
present study, the reason of abortion would be due to a progression of stress on animals as
pregnancy developed and the immunity was suppressed as a result of infection (Elhassan
et al., 1995), reduction in dry matter intake (Audu et al., 1999), reduced nitrogen and energy
balance (Zwart et al., 1991), increased basal metabolic rate (Stephen, 1986), increased
catabolism of tissue reserve (Akinbamijo ez al., 1992) and possibly uptake of host nutrient by
the parasites. Destructive effect and cellular lesions associated with 7. evansi infection are
described as complication of the immune interaction between the host immune system and the
parasite mechanism to evade the immune response of the host. Immune complexes, cytokines
(interferon, interleukins and tissue necrotic factors) are considered the products resulted from
that interaction and played the major role in the cellular damage in infected host (Coles, 1980
and Shah et al., 2004). Trypanosome enzymes such as phospholipases (Tizard et al., 1978),
neuraminidases and proteases (Enwezor and Sackey, 2005) have all been implicated in
membrane fluidity and cellular damage (Fung et al., 2007). Moreover, the phospholipases
generate free fatty acids which lead to excessive accumulation of fluid in tissue spaces caused
by a disturbance in the mechanism of fluid interchange between capillaries, the tissue spaces
and the lymphatic vessels. All these possibilities indicate great liver damage which were
irreversible pathological changes and lead to death of the infected animals as occurred in this
study especially in female mice. These results agree with that reported by (Biswas et al., 2001
and Derakhshanfar ez al., 2010). In addition to the inflammatory cells infiltrations have
been reported in 7. evansi infections of she-camels were parallel to that reported by
(Abd-Elmaleck et al., 2014). Finally, the significant histopathological lesions in aborted and
stillborn fetuses of the present study suggested the involvement of the parasite in the
etiopathogenesis of reproductive failure in camels.
CONCLUSION

This study concluded that Surra is one of the most important diseases of camels and 7. evansi
induces destructive irreversible damage with reproductive disorder in she-camels and female
mice which lead to death of the animals with progression of the disease and has a relatively

high prevalence in the study area. Also, the disease causes a significant impact on the camel
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production and economic losses in the growth of the study area by reduction in reproductive
capacity like abortion, neonatal death, stillbirth and cost of treatment, so the control of surra

become difficult as there is no vector specificity and a wide range of hosts.

REFERENCES

Abd-Elmaleck, B.A.; Gamal, H.A. and Ahmed, M.M. (2014): Some Protozoan Parasites Infecting
blood of Camels (Camelus dromedarius (at Assiut Locality, Upper Egypt). J. Bacteriol Parasitol,
5:2

Abdel-Rady,A. (2008): Epidemiological studies of Trypanosoma evansi infection in camels (Camelus
dromedarius) in Egypt. Veterinary World.11:325-328.

Akinbamijo, O.0. and Reynolds, L. (1992): Trypanosomiasis induced reproductive wastage in West
African Dwarf sheep. Proceedings of the Second Biennial Conference of the African Small
Ruminant Research Network - AICC, Arusha, Tanzania.

AL-Rawashdeh, O.; Sharif, L. A.; AL - Qudah K. M .and AL-Ani, K. (2000): Trypanosoma
evansi infection in camels in Jordan. Revue.Elev. Med. Vet. Pays, Trop. 20, 233 - 237.

Amer, H. A. (1992): Evaluation of the endometrial biopsy and hormonal profile as a diagnostic tool
for genital tract affections in buffaloes. M. D. Vet. Thesis, pathology department, Cairo
University.

Amyl, M. A. R. (2014): Studies on some parasitic affection in imported camel at darwa quarantine,
Aswan, Egypt. Master degree. Faculty of veterinary medicine. Beni-Suef University.

Antoine-Moussiaux, N. Faye, B. and Vias, G. F. (2007): “Tuareg ethno veterinary treatments of
camel diseases in Agadez area (Niger),” Tropical Animal Health and Production, vol. 39, no. 2,
pp- 83-89.

Arjkumpa, O. M. Cheewasere, E. P. Suksaithai, C. ef al. (2012): “Surra in Thungsong district,
Nekton Stratham Marat province, Phuket, Thailand. Case investigation” in Proceedings of the
Ist Regional Conference of the Society for Tropical Veterinary Medicine (STVM): Global
Environment, Biodiversity. Diseases, and Health, p. 26.

Atarhouch,T.,M.;Rami, M.N.; Bendahman, K. and Dakkak, N.A. (2003): Camel Trypanosomiasis
in Morocco 1: results of a first epidemiological survey. Veterinary Parasitology. 111: 277-286.

Audu PA, Esievo KA, Mohammed G, Ajanusi OJ. (1999): Studies of Infectivity and pathogenicity
of an isolate of Trypanosomaevansi in Yankasa sheep. Vet Parasitol 86 (30):185 - 190.

Bancroft, J.D. and Stevens, A. (1990): Theory and Practice of Histopathological Techniques.3rd
Ed.New York. Churchill, living stone Edinburgh, UK, pp., 21-118.

Biswas, D.; Choudhury,A. and Misra, K.K. (2001): Histopathology of Trypanosoma (Trypanozoon)

evansi infection in bandicoot rat. I. Visceral organs. Exp. Parasitol. 99 (3):148-59.

688 | A opptactmed  Fusae 78 .00 2 677~ 696 /2079




PATHOLOGICAL INVESTIGATIONS ON TRYPANISIMA

Bruits, C.A. and Ash wood, E.R. (1994): Textbook of Clinical Chemistry. 2nd Ed., W.B. Saunders,
Philadelphia, pp: 1002-1093.

Carmona, T. M. P.; Garrison, J.; Reichmann, G. A.; Torero, F. Escalante, A. and Ado, P.M.
(2006): susceptibility of different mouse strains to experimental infection with a Venezuelan
isolate of Trypanosoma evansi .Journal of protozoolgy Research.16:1-8.

Chandra, D.; Tripathi, N.B.; Srivastava, R.N.N and Rae, J.R. (2000): Pathological changes in the
genital organs of rabbits in experimental T. evansi infection. J. Vet. Parasitol. 14 (1), 59 - 61.

Chaudary, Z.I. and Igpal, J. (2000):Incidence, biochemical and haematological alterations inducend
by natural trypanosomosis in racing dromedary camel. Acta Trop. 77, 209 - 213.

Coles, E. H. (1980): Veterinary Clinical Pathology. 3ed W. B. Saunders Company. Philadelphia.
London. Toronto.

Coura J. R. and Borges, P. J.(2010): “Chagas disease: 100 years after its discovery. A systemic
review,” Acta Tropica, vol. 115, no. 1-2, pp. 5-13.

Dalal, S. M.; Amer, H. A. and Rwaida, M.R. (2008): Pathological and Some Biochemical Studies
on Pregnant Ewes Experimentally Infected with Trypanosoma evansi.

Dargantes, A. P.; Mercado, R. T.; Dobson, R. J. and Reid, S.A. (2009): “Estimating the impact of
Trypanosoma evansi infection (surra) on buffalo population dynamics in southern Philippines
using data from cross-sectional surveys,” International Journal for Parasitology, vol. 39, no. 10,
pp. 1109-1114.

Delafosse, A.; Doutoum, A. and Adoum, M. (2004): Prevalence of Trypanosoma evansi infection
and associated risk factors in camels in eastern Chad.Veterinary Parasitology.119(2-3): 155-164.

Derakhshanfar, A.A.; Mozaffari, Z. and Mohaghegh, A. (2010): An Outbreak of Trypanosomiasis
(Surra) in Camels in the Southern Fars Province of Iran: Clinical, Hematological and
Pathological Findings. Research Journal of Parasitology, 5: 23-26.

Dhami, D.S., Juyal, P.D. and Singla, L.D. (2018): Seroepidemiology of Trypanosoma evansi
infection in camels using CATT. Indian Vet. J. 176: 842 - 44.

Dial, O.; Bocoum, Z.; Diarra, B.; Sanogo, Y.; Coulibaly, Z. and Waigalo, Y. (1993):
Epidemiology of Trypanosomiasis caused by T. evansi in camels in Mali: Results of
parasitological and clinical survey. Rev. Elevage Med. Vet. Pays Trop., 46: 455 - 461.

Dirie, ML.F.; Wallbanks, K.R.; Aden, A.A.; Bornstein, S. and Ibrahim, M.D. (1989): Camel
Trypanosomiasis and its vectors in Somalia. Vet. Parasitol, 32: 285-291.

EL-Sawalhy, A.J. (1999): Diagnosis of trypanosomosis in experimental mice and field-infected
camels by detection of antibody to trypanosome tyrosine amino transferase. J. Parasitol. 40,

1245-1249.

- pptactmedFuae 78 .00 2 677~ 696 /2079 689




Thanan, K. Hassaneen et el

Enwezor F.N. and Sackey A.K. (2005): Camel trypanosomosis-a review.Veterinarski Arhiv, 75,
439 - 452.

Evans, G. (1880): Report on 'Surra' disease in Dura Ismail Khan. Punjab Govt. Military Department.
No. 493, p 446.

Eyob, E. and Matios, L. (2013): Review on camel trypanosomosis (surra) due to Trypanosoma
evansi: Epidemiology and host response. Journal of Veterinary Medicine.Animal Health.Vol. 5
(12), pp. 334 - 343.

Fung, S.; Reid, A.; Inoue, Z. and Lun, S. (2007): Immunization with recombinant beta-tubulin from
T.evansi induced protection against 7. evansi, T. equiperdum and T. brucei infection in mice,
Para, Immunol, 29 (4):191-199.

Gill, B.S. (1991): Trypanosomes and trypanosomiases in Indian livestock. ICAR Publication, New
Delhi, p 2-12.

Gutierrez, C.; Corbera, J.A.; Juste, M.C.; Doreste, F. and Morales, 1. (2005): An outbreak of
abortions and high neonatal mortality associated with Trypanosoma evansi infection in
dromedary camels in the Canary Islands. Vet. Parasitol, 130: 163-168.

Gutierrez, C.; Juste, M. C. ; Corbera, J. A.; Magnus; Verloo, E. D. and Montoya, J. A. (2000):
“Camel trypanosomosis in the Canary Islands: assessment of seroprevalence and infection rates
using the card agglutination test (CATT/T. evansi) and parasite detection tests,” Veterinary
Parasitology. Vol. 90, no. 1-2, pp. 155-159.

Hasan, M.U.; Muhammad, G.; Gutierrez, C.; Iqbal, Z.; Shakoor A. and Jabbar, A. (2006):
Prevalence of Trypanosoma evansi infection in equines and camels in the Punjab region,
Pakistan. Ann. N. Y. Acad. Sci., 1081: 322-324.

Holmes, P.H. (1980): Vaccination against Trypanosomes. In Vaccines against parasites, 1st Ed.,
Taylor, A.E.R. and Muller, R., Blackwell and Scientific Publications, Oxford, U.K., pp.74-105.

Holmes, P.H.; Katunguka, R.; Bennison, E.; Wassink, J.J.; and Parkins, G.J. (2017): Some
clinic-pathological aspects of experimental Trypanosoma evansi infection in camel's .Journal of
Camel Practice and Research, 7 (1): 101-106.

Juyal, P. D. (2012): Pathological studies on experimental Trypanosoma evansi infection in Swiss
albino miceJ Parasit Dis. Oct; 36 (2): 260 - 264

Juyal, P. D. (2017): Newer Perspectives in the Diagnosis and Control of Trypanosomosis (Surra) in
Domestic Livestock in India.J. Vet. Parasitol. 10: 1-9.

Juyal, P.D. (1996): Trypanosomiasis in domestic animals, drug resistance is a field problem.
Pashudhan 11: 1.

Kinne, J. U.; Wernery, R. and Zachariah, L. (2001): “Surra in a guanaco (Lama Guanicoe),”

Journal of Camel Practice and Research, Vol. 8, no. 2, pp. 93-98.

690 | S opptactmed Fasae 78 .00 2 677~ 696 /2079




PATHOLOGICAL INVESTIGATIONS ON TRYPANISIMA

Kumar, R.; Kumar, S.; Virmani, N. and Yadav, S.C. (2015): Transplacental transmission of
Trypanosoma evansi from experimentally infected donkey mare to neonatal foal. Journal of
Equine Veterinary Science, 35, 337-341.

Lohr, K. F.; Pholpark, S.; Siriwan, P.; Leesirikul, N.; Srikttjakarn, N. and Stack L. C. (1986):
Trypanosoma evansi infection in buffaloes in north east Thailand.2.Abortions. Trop. Anim.HIth.
Prod. 18, 103-108.

Lohr, K.F., Pholpark S., Siriwan P.,Leesirikul N.,Srikitjakarn and Staak C.(2009): Trypanosoma
evansi infection in camels in North-East Thailand. II. Abortions. Trop. Anim. Health Prod., 18,
103 - 108.

Losos, G. J. (1980): Diseases caused by Trypanosoma evansi: A review. Vet. Res.Comm. 4, 165-181.

Luckins, A. G. (1992): Methods for diagnosis of trypanosomiasis in livestock. World Animal Review.
70/71, 15-20.

Mahmoud, N. A.; Hani, A.; Ghazi, M. and Zuher, A. (1999): Preventive veterinary medicine
prevalence of Surra among camels and horses in Jordan. Volume 38, Issue 4Pages 289 -293.

Marec, D.; Philippe, H.; De-Hua, L.; Alan, D.; Zhao, R.L. and Sathaporn, J. (2013): Trypanosoma
evansi and Surra: A Review and Perspectives on Origin, History, Distribution, Taxonomy,
Morphology, Hosts, and Pathogenic Effects. BioMed Research International, Volume 20, pp 22.

Njiru, Z.K.; Constantine, C.C.; Ndungu, J.M.; Robertson, I.; Okaye, S. Thompson, R.C.A. and
Reid, S.A. (2004): Detection of Trypanosoma evansi in camels using PCR and CATT/T. evansi
tests in Kenya. Vet. Parasitol, 124: 187-199.

Njiru, Z.K., Bett, O. Ole-Mapeny, .M. Githiori, J. and Ndung’u, J.M. (2002): Trypanosomosis
and helminthosis in camels: comparison of ranch and traditional camel management systems in
Kenya. Journal of Camel Research and Practice, 55: 67-71.

OIE (2008): Trypanosoma evansi infections (including surra).Manual of diagnostic tests and vaccines
for terrestrial animals. Paris. OIE Terrestrial Manual, chapter 2.1.17.

OIE (2015): Office International Epizootes. Annual report of a meeting of ADVO Group on NTTAT
(Non-Tse Tse transmitted trypanosomes), France, pp. 2.

Oleo, M. W.; Nyanja, J. O. and Njogu, A.R. (1996): Use of surtax for field diagnosis of patent and
non-patent 7rypanosoma evansi infections in camels. B. Vet. J. 152, 109-111.

Ouma, J. O. W. Olaho-Mukani, B. E. L. Wishitemi, and S. O. Guya, (1997): “Changes in
classical pathway complement activity in dromedary camels experimentally infected with
Trypanosoma evansi,” Veterinary Immunology and Immunopathology, Vol. 57, no. 1-2, pp.

135-140.

7 pptactmedsHuae 79 we 2 677~ 698 /2079 691




Thanan, K. Hassaneen et el

Pacholek, X.D.; Gamatic, S.G.; Franek, M. Tibayrene, R. (2001): Prevalence of Trypanosoma
evansitrypanosomosis in young camels in west Niger. Rev. Elev. Med. Vet. Pays. Trop. 44:
177-182.

Parsani, H. R.; Payne, R. and Momin, R. R. (2008): “Common parasitic diseases of camel,”
Veterinary World, vol. 1, no. 10, pp. 317-318.

Patel, N.M.; Avastthi, B.L.; Prajapati, K.S.; Kathiria, L.G. and Heranjal, D.D. (1982):
Histopathological lesions in experimental trypanosomiasis in rats and mice. Indian Journal of
Parasitology 6:107-109.

Pathak KML. Arora M, Kapoor JK (1993): Camel trypanosomosis in Rajasthan India.Vet. Parasitol.
49:319-323.

Pathak, K.M.L. and Khanna, N.D. (1995): Trypanosomiasis in camel (Camelus dromedarius) with
particular reference to Indian sub-continent: A Review. International Journal of Animal
Sciencel0: 157-162.

Pathak, K.M.; Singh, Y. Meiryenne, N.V. and Kapoor, M. (1997): Evaluation of various diagnostic
techniques for Trypanosoma evansi infections in naturally infected camels. Vet Parasitol. 69:
49-54.

Pourjafar, M. K.; Badiei, H. and Sharifiyazdi er al. (2012): “Genetic characterization and
phylogenetic analysis of Trypanosoma evansi in Iranian dromedary camels,” Parasitology
Research, vol. 112, no. 2, pp. 899 - 903.

Radostitis, O.M.; Gay, C.C.; Blood, D.C.; Hinchcliff, K.W. and Gay, C. (2000): Veterinary
Medicine: A Textbook of the Diseases of Cattle, Sheep, Pigs, Goats and Horses. 9th Ed., WB
Saunders, London, and ISBN: 978-0702026041, Pages: 1877.

Reid S.A., Husein A., Copeman, D.B. (2001): Evaluation and improvement of parasitological tests
for Trypanosoma evansi infection. Vet. Parasitol. 102: 291-297.

Sakr, E.El-Din A.,El-Mahdy, M.M., Abdel-Samee, A.M.A.and El-Heto, I.A., (1991): Pathological
studies on trypanosomiasis in Egyptian camels. Egyptian Journal of Comparative Pathology
and Clinical Pathology, 4 (2): 245-254.

Shah, S.R.; Phulan, M.S.; Memon, M.A.; Rind, R. and Bhatti, W.M. (2004): Trypanosomes
infection in camels. Pakistan Veterinary Journal, 24: 209 - 210.

Shirish, D. N.; Samar, K. G.; Sanjay, K. and Nitin, V. P. (2016): Vertical transmission of
Trypanosoma evansi in dromedary camels and studies on fetal pathology, diagnosis and
treatment. Acta Parasitologica, 61(2) p: 329 -336.

Silva, T.M.; Olinda, R. G.; Rodrigues, C.M.; Camara, A.C.; Lopes F.C. et al. (2013):
Pathogenesis of reproductive failure induced by Trypanosoma evansi in experimentally infected

pregnant ewes. Veterinary Research, 44, 1.

692 | /- Gpptactmed rtasac 78 w0 2 677 ~ 696 /2079




PATHOLOGICAL INVESTIGATIONS ON TRYPANISIMA

Singh, N.; Pathak, K. M. and Kumar, R. (2004): A comparative evaluation of parasitological,
serological and DNA amplification methods for diagnosis of natural Trypanosoma evansi
infection in camels. Veterinary parasitology .126:365-375.

Singla, N.; Parshad, V.R. and Singh, N. (2003): Evaluation of potential of Trypanosoma evansi for
animal, and people: rodent control, rodent biology and management. ACIAR (14) pp 43 - 46.

Siriporn,T.;Bastiaan,W.;Piyanant,T.andKampon,K.(2011): Trypanosoma evansi infection in mice:
cryopreservation of 7. evansi, its infectivity and subsequent clinical signs and pathological
findings. Journal of Applied Animal Science Vol.4 No.3.

Sivajothi, S. Rayulu, V. C. and Sudhakara, R. (2015): Haematological and biochemical changes in
experimental Trypanosoma evansi infection in rabbits. Journal of Parasitic Diseases, Volume 39,
Issue 2, pp 216 -220.

Soodan, J.S., Singh, K.B., Juyal, P.D. and Khakhaira, S.S. (1995): Incidence of Trypanosoma
evansi in equines in Punjab state. J. Vet. Parasitol. 9: 133-134.

Sridhar, R.K. and Sharma, R.D. (1989): Note on an attempt to transmit 7. evansi infection through
ticks (Hyalomma anatolicum anatolicum) in rabbit. Indian J. Anim. Hith. 28: 173-74.

Stephen, L.E. (1986): Trypanosomiasis- A veterinary perspective. First edition. Pergamon Press,
Oxford, UK. 551 pp.

Sumba, A.L., Mihok, S., and Oyieke, F.A (1998): Mechanical transmission of Trypanosoma evansi
and T. congolense by Stomoxys Niger and S. taeniatus in a laboratory mouse model. Med. Vet.
Entomol. 12: 417 - 422.

Tefera, M. and Gebreab, F. (2004): A study on the productivity and diseases of camels in Eastern
Ethiopia. Tropical Animal Health and Production, 33: 265-274.

Tekle, T. and Abebe, G. (2001): Trypanosomiasis and helminthoses: major health problems of
camels (Camelus dromedarius) in the Southern rangelands of Borena, Ethiopia. Journal of
Camel Practice Research, 8 (1):39 - 42.

Tizard, J. L.; Nielsen, K. H. Seed, J. R. Hall, J. E. (1978): Biologically active products from African
trypanosomes. Microbiol. Rev. 42, 661-681.

Tizard, J. L. (1985): Immunology and Pathogenesis of Trypanosomiasis. CRC Press Inc., Boca Raton,
Florida, U.S.A., pp 45-101.

Uche, U.E. and Jones, T.W. (1992): Pathology of experimental Trypanosoma evansi infection in
rabbits. J. Comp. Pathol. 106, 299-309.

Urquhart, G.M.; Armour, J. Duncan, J.L.. Dunnand A.M. Jennings, F.W. (1996): Veterinary
Parasitology?2 ed. UK: Blackwell Science, pp: 103 -113.

- pptactmedFuae 78 .00 2 677~ 696 /2079 693




Thanan, K. Hassaneen et el

Vincendeau, P.; Bouteille, B. and Duncan, A.M. (2006): Immunology and immunopathology of
African Trypanosomiasis. Ana. De Acta. Bra. De Ciénci. , 78 (4):645 - 65.

Wellde, B.T.;Lotzsch, R.; Diehl, G.; Sadun, E.; Williams, J. and Warui, G. (1989): Hematological,
spleen,and adrenal changes associated with natural and experimental infections of Trypanosoma
evansi in Norwegian lemming (Lemmus lemmus). An. Trop. Med. Parasitol. 83:151-160.

Zeleke, M., T. Bekele (2001): Camel herd health and productivity in eastern Ethiopia selected
semiformal households. Revue. Elev. Med. Vet.Pays. Trop. 55, 213-217.

Zelleke, D.; Kassa, B. and Abebe, S. (1989): Efficacy of RM110, a novel trypanocide, in the
treatment of Trypanosoma evansi infections in camels. Trop. Anim. Health Prod., 21: 223-226.

Zwart, D.; Brouwer, B. O.; Van Der Hel, W.; Van Den Akker, H. N. and Verstegen, M. W. A.
(1991): Effect of T. vivax on body temperature, feed intake and metabolic rate of West African
Dwarf goats. J.Anim. Sci., 69, 3780 - 3788.

694 | popptactmed Fsae 78 .00 2 677~ 696 /2079




PATHOLOGICAL INVESTIGATIONS ON TRYFANISOIMA

FIGURES

- pptactmedFuae 78 .00 2 677~ 696 /2079 695




696

Thanaa, K. Hassaneen et el

- ppptactmed Fuae 78 .00 2 677~ 696 /2079/




PATHOLOGICAL INVESTIGATIONS ON TRYPANISIMA

B i N -
rer B = L »
§
>

. e F
\‘\» 3 & ‘},. ¢
" “
(% .
- "0. - o Vo &
. f.J . ‘ :,, .4 V‘
s ® &4 o / '; <
A\ "]0 ,- . .
. -~ - 4 . ‘ D ’ ]
*A (7, }-c k.’ 15 |
e A -

Fig. (1): Giemsa staining smear of blood film from an infected aborted she-camel with
T. evansi (X1000) (oil).

Fig. (2): Giemsa staining blood smear of experimentally infected pregnant female mice after 7 days
(post inoculation) with whole blood of infected she-camel infested. Not to abnormal forms and
hypo chromic of RBCs (X1000) (oil).

Fig.(3): She-camel infected with Trypanosoma evansi showing dry scruffy coat, edema in the front
limb, atrophy of the hump and raise the head towards the sun.

Fig. (4): Uterus of aborted she camel showing enlarged size with mucoid exudates in the lumen,
hyperemic, edematous and necrotic spots.

Fig. (5): Uterus of she-camel infested with Trypanosome evansi showing focal hemorrhage, edema,
focal aggregation of inflammatory cells and periglandular fibroblastic proliferation in the
endometrium. (H&E X 100).

Fig. (6): Uterus of aborted she-camel infested with 7.evansi showing severe congestion of large blood
vessels and perivascular and periglandular mononuclear cell infilteration and fibroblastic
proliferation. (H&E.X100).

Fig. (7): Uterus of aborted she-camel infested with T.evansi suffered chronic endometritis showing
degeneration and atrophy in the endometrial glands, perivascular and periglandular
mononuclear cell infiltrations and fibroblastic proliferation (H&E.X100).

Fig. (8): placenta of aborted she-camel showing necrosis and desquamation of the covering epithelial
cell with cellular debris and inflammatory cells aggregation. (H&E X100).

Fig. (9): Aborted camel fetus at the fifth month of gestation with its placenta showing severe

congestion of body surface and edema.
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Fig. (10): Liver of aborted camel fetus showing necrobiotic changes in the hepatocytes with
hyperplasia of bile duct. Fibroblastic proliferations and mononuclear cell aggregations in the
portal area (H&EX100).

Fig. (11): Liver of stillborn camel calf showing edema with necrosis of hepatocytes and focal area of
inflammatory cell aggregations (H&E X100).

Fig. (12): Spleen of stillborn fetus showing hyperplasia of lymphoid follicles with wide germinal
center. (H&E X100).

Fig. (13): Uterus of experimentally infected female mice with T.evansi showing partial desquamation
and sometimes stratification in the endometrial epithelium and moderate infiltration of
inflammatory cells in sub epithelial while lamina propria appeared edematous with degeneration
of the uterine glands. (H&E X200).

Fig. (14): Spleen of experimentally infected female mice with T.evansi showed hyperplastic lymphoid
follicles (H&E X100).

Fig. (15): Liver of experimentally infected female mice (day7after inoculation) with T.evansi showing
degenerative and necrobiotic changes of the hepatocytes with Parasite in the central vein

(H&E X400).
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