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ABSTRACT
Protozoal diseases, particularly trypanosomosis caused by the flagellate Trypanosoma evansi, are a considerable 

constraint on the health and productivity of the dromedary camels throughout the tropics and subtropics.  With the 
developments in the field of molecular biology and their application in parasitic infections, there have been great strides 
of progress in the diagnostic techniques.  Apart from detection of parasitoses, these tests are useful aids to monitor the 
effectiveness of therapeutic interventions.  As a consequence, more reliable epidemiological data on the distribution 
and incidence of these diseases has been generated.  DNA-based technologies have enabled the characterisation of 
species, subspecies and stocks (strains) of camel parasitising trypanosomes.  Chemotherapy and strategic control 
of trypanosomosis continues to be another fertile area which has witnessed a fair number of recent reports.  Other 
protozoan parasites and their occasional association with disease are now being reported more frequently.  These 
include the gut-dwelling coccidia, the tissue-cystic forms (Sarcocystis and Toxoplasma), Balantidium, Cryptosporidium, 
etc.  Possible changes in camel husbandry practices may lead to increase in their prevalence and economic impact.  
As such, there is need to include these in the overall parasitic disease surveillance among camels.
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Protozoal diseases of camels, in sharp contrast 
to those of cattle, have not been researched and 
understood very well apart from trypanosomosis.  
Several factors including the importance of camels 
as draught, food, sport and show animals, and 
consequent upsurge of interest in their health and 
well-being, have altered the situation.  Additionally, 
the availability of improved methodologies for the 
detection of infections, have increasingly brought 
them into focus.  In the recent past, there have been 
comprehensive published reviews (Gatt- Rutter, 1967; 
Boid et al, 1985), a conference paper (Luckins, 1988)  
and an elaborative chapter in a book (Wernery and 
Kaaden, 2002) on the subject.  However, there is a 
substantial mass of new information since then, which 
has contributed to advancements in various aspects 
and is highly relevant.  Accordingly, the objective of 
this review was to collect this material and present an 
update.   Understandably, a major part of this relates 
to cameline trypanosomosis.

Trypanosomosis
Epidemiology: The disease caused by the 

flagellate protozoan Trypanosoma evansi and first 
reported in 1880 among camels (surra) in India, is 
ranked as probably the most serious infectious disease 
of camels.  It is widespread throughout the Middle East, 
South Asia, Far East and outside the tsetse belt in Africa 

(Luckins, 1988; Wernery and Kaaden, 1995 and 2002).  
Although noted for a high  rate of morbidity and even 
mortality, the prevalence and pathogenicity of surra 
varies considerably between different geographical 
regions (Zelleke et al, 1992; Reid, 2003).  Reports during 
the last 15 years cover practically all the countries where 
T. evansi is endemic.  As prevalence data are based 
on different tests, which differ widely in sensitivity, 
the figures should only be taken as rough estimates.  
Generally, the areas of highest trypanosomosis 
prevalence were also those with heavy infestations of 
tabanids or other haematophagous flies.  In Somalia, 
160 (5.33%) of 3000 blood samples from dromedary 
camels were found infected (Dirie et al, 1989) with T. 
evansi.  Prevalence of 13.2% was detected in 310 camels 
in Saudi Arabia (Hussein et al, 1991).  Trypanosoma 
evansi prevalence ranged from 1.7% in blood smears 
to 56.4% using micro-ELISA among 1039 camels in 33 
herds in Somalia (Baumann and Zessin, 1992) where 
one of the world’s largest dromedary populations (5.3 
million) is kept. Trypanosomosis along with brucellosis 
was rated as an important limiting factor on production. 
Endemicity of cameline trypanosomosis in 18 districts 
of Rajasthan, India was reported by Raisinghani and 
Lodha (1989).  Blood samples from 240 camels from 
Western Rajasthan, examined for T. evansi, revealed 
18 (7.5%) infected by the wet blood/ Giemsa stain 
smears and 76 (31.66%) positive for antigen using 
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DNA probes for identification and characterisation 
of T. evansi strains (Hamers et al, 1990) opened up 
the use of this technology for strain differences and 
antigenic variation.  Electrophoretic karyotyping of 
T. evansi isolates (Waitumbi and Young, 1994) was 
suggested as a sensitive epidemiological tool for 
identification of drug-resistant parasites.   Fractionation 
by chromatography revealed 7 distinct fractions 
in T. evansi (camel) antigen and analysis by SDS-
polyacrylamide electrophoresis (PAGE) revealed 
protein bands with molecular weights ranging between 
14-65 kDA (Pathak et al, 1994).  Polypeptide profiles of 
7 stocks of T. evansi whole-cell lysate by SDS-PAGE 
(Singh et al, 1994a) and of cell membrane and flagellar 
preparations by SDS-PAGE and western blotting 
(Singh et al, 1995) did not indicate antigenic variability 
of high degree.  According to Masiga and Nyangao 
(2001), the development of specific DNA probes has 
greatly improved the identification of trypanosomes 
in areas where more than one morphologically 
indistinguishable species are prevalent.  Omanwar et al 
(2001) studied DNA polymorphism in T. evansi stocks 
and hypothesised the adaptability of the organism to 
different hosts and geographical regions as the reason.

Clinical and haematological aspects:  The belief 
that dromedary owners and herdsmen can diagnose 
surra from urine odour, was scientifically investigated 
by Hunter (1986).  The urine of a slaughter dromedary 
which had clinical surra on examination was dark 
brown and with a strong pungent odour. This odour 
was not present in the other 22 camels which included 
one with low parasitaemia. Camels with T. evansi 
parasitaemia in peripheral blood had significantly 
lower packed cell volume (PCV) and haemoglobin 
(Hb) values as also eosinophil and neutrophil counts 
(Yagoub, 1989) Animals concurrently harbouring 
Haemonchus longistipes in high intensity showed bigger 
decreases in PCV and Hb.  Those infected only with H. 
longistipes showed a significant increase in eosinophil 
counts compared to controls.  It was concluded that T. 
evansi has a more pronounced effect on camel health 
than H. longistipes.  Clinical signs of emaciation, pale 
mucous membranes, dry coat, intermittent fever, 
weakness and lachrymation were observed (Karram et 
al, 1991).  Haematological changes included significant 
decrease in Hb and PCV alongwith normocytic 
hypochromic anaemia associated with leucocytosis, 
eosinophilia and monocytosis.  Haematological profile 
in another study (Samy and Gadir, 1992) showed 
macrolytic normochromic anaemia.  Lymphopenia was 
found during parasitaemia while lymphocytosis was 
found during the later stage.  Histopathologically, there 
was erythrophagocytosis and destruction of lymphoid 
follicles during parasitaemia and hyperplastic 

double antibody sandwich ELISA (Pathak et al, 1993).  
In Mauritania, prevalence ranging between 1-4% 
on blood smear examination, and 16.5-24.3% using 
different serological tests was recorded (Dia et al, 
1997).  Prevalence and infection pattern of T. evansi in 
camels in mid-Eastern Sudan was reported by Elamin 
et al (1998).  Surra prevalence among camels in Jordan 
using thick smear and sub-inoculation techniques was 
found in 36 (8.2%) out of 437 and 33% of 257 examined 
in another survey (Al-Rawashdeh et al, 2000).  In 
Southern Iran, 32 camels were found to be infected 
with T. evansi by blood examination and rat inoculation 
of the 333 samples (Zarif-ferd and Hashemi Fesharki, 
2000).  Trypanosomosis due to T. evansi was found in 
7.70% of 546 camels in eastern Ethiopia (Woldemeskel 
et al, 2001), while in another province of Ethiopia, 43 
(10.9%) of 391 camels were found positive by clinical 
and laboratory examinations (Tekle and Abebe, 2001).  
In an investigation into the animal-level risk factors 
for T. evansi infection in eastern and central Kenya, 
Ngaira and coworkers (2002) concluded that camels 
managed under nomadic pastoralism had higher  
risk of exposure than those from ranching systems 
of management.  In Morocco, an epidemiological 
survey of camel trypanosomosis for the first time in 
1997-98, found overall seroprevalence of  14.1% by 
card agglutination test (CATT) and 18.2% by Ab-
ELISA (Atarhouch et al, 2003).  Current prevalence 
rates of camel trypanosomosis (T. evansi) in selected 
herds of northern Kenya (Oyieke, 2003) were found 
to be 19.2% by mouse inoculation (MI) and 11.5% by 
blood smear (BS) techniques.  Two major foci of camel 
trypanosomosis in Saharan Morocco in 1997-98 had 
seroprevalence of 35.4 and 43.3% by Ab-ELISA (Rami 
et al, 2003).  Moreover, these workers found more 
camels anaemic in summer than in spring.  Several 
factors of husbandry including stress, excessive work, 
overcrowding and continual contact with animals 
coming from other infected regions, contributed to the 
persistence of the disease.  A comparison of two camel 
rearing systems indicated that camels kept under ranch 
management have higher trypanosomosis than those 
kept in a traditional system (Njiru et al, 2002).  In a 
recent survey among pastoralists in Turkana districts 
of Kenya (Mochabo et al, 2005) annual incidence 
of trypanosomosis was identified at 11.4% with a 
higher incidence and mortality rate at 15% and 9.9% 
in adult camels than 6.9% and 5.2% in young camels, 
respectively.

Characterisation   of   strains   and    antigens: 
Iso-enzyme pattern using thin-layer-starch-gel 
electrophoresis revealed two of the T. evansi stocks 
isolated in Kuwait to be identical to those from Nigeria, 
Sudan and Kenya (Al-Taqi, 1989).  The application of 
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proliferation of lymphocytes toward the end.  In 
the chronic form, along with long aparasitaemic 
periods, the animals show severe immunosuppression 
characterised by an increased susceptibility to 
secondary infection (Njiru, 1997).  Although anaemia 
is the main pathological feature, particularly in chronic 
cases, it is not regarded as a significant feature in 
acute disease (Ouma et al, 1997).  In the latter, the 
accompanying activation of haemolytic complement 
may be a major factor contributing to death (Njiru et 
al, 2000a).  Experimental T. evansi infection of camels 
produced microlytic normochromic anaemia (Haroun 
et al, 2000).  Neutrophilia and lymphocytosis were also 
observed.  The activity of serum enzymes viz. AST, 
ALP, LDH and GGT increased after infection.  There 
was concurrent increase in globulin concentration 
and a decrease in albumin and glucose concentration.  
The main histopathological observations were fatty 
changes focally distributed in the liver.  Similar 
changes induced by natural trypanosomosis in racing 
dromedaries were also reported (Chaudhary and Iqbal, 
2000).  Clinical examination in camel trypanosomosis in 
Morocco revealed enlargement of lymph nodes was the 
most frequent sign in seropositive animals (Atarhouch 
et al, 2003).  An outbreak of abortions and delivery of 
premature or weak calves leading to neonatal mortality 
attributable to T. evansi in camels was reported recently 
from Canary Islands (Gutierrez et al, 2005).

Diagnosis:  The clinical signs of surra in 
camels are not pathognomonic enough for more 
than a provisional diagnosis.  Demonstration and 
identification of trypanosomes in the blood remains the 
basis of a reliable diagnosis.  Concentration techniques 
such as microhaematocrit centrifugation (MHCT) 
were devised to overcome the problem of scanty 
parasitaemia.  A silicon centrifugation technique 
although simple and rapid (Nessiem, 1994) has not 
found much application for camel trypanosomosis.  
On the other hand, Reid et al (2001) suggested that 
the sensitivity of mouse inoculation (MI) and MHCT 
was improved 10-fold through the use of buffy coat 
in place of whole blood.  Standard trypanosome 
detection methods (STDM) based on direct microscopy, 
concentration and animal inoculation methods are 
generally recommended (OIE, 2000). Wernery et 
al (2001) considered MHCT as the most sensitive 
diagnostic test. The limitations in terms of low 
sensitivity of parasitological diagnostic techniques 
(Rae and Luckins, 1992) have been a driving force 
for research into alternate techniques including 
immunodiagnostic, antigen-detection assays and DNA 
based methods.  Enzyme-linked immunoassay (ELISA) 
for circulating antibodies (Rae et al, 1989) and its 
antigen-detection variant (Ag-ELISA) have been used 

extensively for more efficient and accurate detection 
of T. evansi in dromedary camels (Nantulya et al, 1989; 
Olaho-Mukani et al, 1992, Waitumbi and Nantulya, 
1993; Singh et al, 1994b; Pathak et al, 1997; Jain et al, 
2000).  The latter test (Ag-ELISA) can also be used to 
assess the success of chemotherapy in the control of 
camel trypanosomosis as antigens disappear from 
circulation within 30 days of treatment (Olaho-Mukani 
et al, 1992).  Other serological tests in use include card 
agglutination test (CATT), a simple and quick test for 
antibodies that could detect 89% of the samples positive 
for blood smears and also had good correlation with 
low PCV results (Diall et al, 1994; Pathak et al, 1997; 
Gutirrez et al, 2000; Atarhouch et al, 2003).  Another 
major development was the introduction of card latex 
agglutination test which detects trypanosomal antigens 
in serum, plasma or whole blood with equal sensitivity 
and specificity as the ELISA-antigen detection. This 
test, available commercially under the brand name 
Suratex (Brentec Diagnostics, Nairobi) is not dependent 
on laboratory use and is thus a pen-side diagnostic 
test (Nantulya, 1994).  Suratex and Ag-ELISA could 
diagnose the camels with sub-patent infections (Olaho-
Mukani et al, 1996).  These workers also observed that 
Suratex was 100% specific, showed sensitivity ranging 
from 93.2% to 94.6% and detected 124 (93%) of the 133 
MI-positive camels as against 118 (89%) detected by 
Ag-ELISA.  Further, Suratex was much more sensitive 
than HCT (Olaho-Mukani et al, 1997; Njiru et al, 2000b; 
Ngaira et al, 2002).  A dissenting report of Delafosse 
and Doutoum (2000) did not recommend Suratex 
because of low sensitivity and specificity of the test 
in their hands.  These workers found that mercuric 
chloride with PCV gave the highest sensitivity, 
specificity and predictive value at low cost.  A team 
in India devised improvements in Ab-ELISA viz. a 
Dot-ELISA (Shahardar et al, 2002) and competition 
inhibition-ELISA (Shahardar et al, 2003) with 46.66% 
and 63% positivity, respectively in detecting antibody 
in camel sera from an endemic area in Rajasthan.  Use 
of detergent solubilised antigen (Shahardar et al, 2004) 
further raised the positivity to 68.8%.  

A new dimension has been added to the 
diagnostic approach with the application of DNA-
based technologies, notably polymerase chain reaction 
(PCR). For the diagnosis of camel trypanosomosis, 
Ijaz et al (1998) suggested the use of PCR during both 
acute and chronic phases of infection, and for use in the 
evaluation of treatment.  Basagoudanavar et al (1998) 
employed PCR in camel blood samples and concluded 
that PCR provided a useful diagnostic tool for detecting 
T. evansi infected camels. Higher sensitivity of this 
molecular technique compared to parasitological and 
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serological methods, based on 217 camels in Rajasthan 
was also reported by Singh et al (2004).

Treatment and Control: A number of drugs have 
been in use in the past.  Among these, the naphthalene 
compound Suramin (Naganol) at a double I.V. dose 
of 50 ml was successful in controlling trypanosomosis 
(T. evansi) in camels in Egypt (Karram et al, 1991).  
Due to resistance problem, its production and use 
has now been given up.  Of the currently available 
chemotherapeutic agents,  Quinapyramine (mostly pro-
salt) has been effectively used in curing trypanosomosis 
in camels (Singh et al, 1987; Raina et al, 1990; Olaho-
Mukani et al, 1992; Haroun et al, 2003).  An arsenical 
Cymelarsan S.C. injection was introduced (Zelleke et al, 
1989) and has been evaluated extensively to be effective 
against T. evansi infection in camels (Gool et al, 1992; 
Otsyla et al, 1992; Nyangao et al, 1995; Njiru et al, 2000b; 
Rami et al, 2003; Gutierrez et al, 2005).  The drug was 
indicated for all forms of the infection and at the dose 
range of 0.2 to 1.2 mg per kg b.wt., was well-tolerated.  
Camels appear to be more susceptible to the toxic action 
of some trypanocidal drugs than other species (Ali, 
1988).  This being the case with diminazene aceturate, a 
stable form of this drug namely Trypan was formulated 
but reportedly (Maina et al, 2003) may not be effective 
in curing camels with acute T. evansi infections.  With 
regard to drug resistant parasites, Waitumbi and 
Young (1994) suggested that observation of Karyotype 
patterns recurring in isolates from herds kept under 
chemoprophylaxis could help in their identification.  
Drug resistance in trypanosomosis (Olaho-Mukani et 
al, 1995; El-Rayah et al, 1999) requires monitoring and 
remedial action.  Traditional knowledge regarding 
prophylaxis and treatment provides some alternative 
approaches to control.  Camel pastoralists are much 
aware of the disease-transmitting vectors and have 
developed strategies to avoid exposure to biting flies 
(Kohler-Rollefson, 1994).

Coccidiosis
Gut-dwelling coccidia (mainly Eimeria spp.) are 

distributed widely among camel population with 
high prevalence rates of infection involving several 
species (Luckins, 1992).  Various workers have reported 
prevalence rates of infection in different camel-rearing 
parts of the world.  In India, prevalence of Eimeria 
ranging from 14.18% in Gujarat (Pethkar and Momin, 
1990) to 25.19% in Rajasthan (Partani et al, 1999) 
has been recorded.  The latter report was based on 
897 faecal samples.  Higher prevalence (28.78%) in 
farm camels compared to field camels (21.6%) and 
higher prevalence in rainy season and also in camel 
calves below one year age was recorded.  The species 
encountered were E. dromedarii, E. cameli, E. pellerdyi, 
E. rajasthani and E. nolleri.  Raisinghani et al (1987) 

presented a case report of a 6-month old camel calf with 
diarrhoea and abdominal pain excreting Isospora oocysts 
at 2000 oocysts per g of fluid faeces.  The calf responded 
well to Neftin (Furazolidone) and was completely 
cured.  Isospora excretion in scouring camel calves 
was reported from Kenya (Younan et al, 2002).  Five 
calves, 18-32 days old, showing signs of diarrhoea were 
found excreting Isospora oocysts.  Diarrhoea lasted 
for approximately 10 days after which one severely 
dehydrated Isospora-secreting calf died.  Histological 
examination revealed multiple ulcerative colitis.  Eimeria 
cameli were sporadically observed in the faeces of older 
animals.  In a study from Iraq (Al-Sadi, 1994), the basic 
histopathological lesion in camel coccidiosis was in 
the form of necrotic enteritis.  Pathological studies on 
camel coccidiosis were also reported from UAE (Kinne 
and Wernery, 1998) and from Iran (Tafti et al, 2001).  
The latter study indicated that the most important and 
frequent pathologic lesion in the digestive tract resulted 
from Eimeria spp. infections (63% of 100 slaughtered 
camels).  Diagnostic histopathological lesions included 
the presence of developmental stages in mucosal 
epithelium and glands in crypts of Lieberkuhn, together 
with eosinophilic enteritis, lymphoid hyperplasia, 
congestion and oedema of submucosa.  There does not 
appear to be any specific therapy for camel coccidiosis 
but anticoccidials effective against coccidiosis in 
ruminants could be useful. 

Tissue Cyst-forming coccidia:  Sarcocystis 
cameli is the only species reported from camel, with 
tissue cysts occurring in various muscles of the 
body. Abattoir examination of 192 dromedaries in 
Afghanistan (Kirmse and Mohanbabu, 1986) led 
to detection of Sarcocystis  by direct observation 
of oesophageal muscle sandwiched between glass 
plates (47.3%), histologically (61.5%) and by peptic 
digestion (66.3%).  Feeding dogs with camel meat 
experimentally resulted in passage of sporocysts 
of Sarcocystis spp.  (Warrag and Hussein, 1983; 
Hilali et al, 1992).  In a later trial (Hilali et al, 1995), 
meat samples from oesophagus and tongue of 
camels slaughtered in Saudi Arabia, when fed to 
dogs resulted in excretion of S. cameli  sporocysts.  
Sarcocystis in meat producing animals including 
camels was reported from  Ethiopia (Woldemeskel 
and Gumi, 2001).  In the latter study, haematoxylin 
eosin stained tissue samples from various muscles 
were found infected in 45.45% of 121 camels.  The 
musculatures in the order of frequency of harbouring 
cysts were: oesophagus, shoulder, diaphragm, 
cardiac and masseter muscles.  Histopathological 
observations of S. cameli in the heart of dromedary 
were made (Dadhich, 2000).  The main economic 
impact of sarcocystosis appears to be the 
condemnation of heavily infected tissues at meat 
inspection.  
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Sporadic records regarding other tissue cyst-
forming coccidia relate to Hammondia heydorni  
(Nassar et al, 1983; Warrag and Hussein, 1983; 
Hilali et al, 1992; Hilali et al, 1995), Toxoplasma gondii 
(Hilali et al, 1995) and Besnoitia spp. (Tafti et al, 2001).  
Serological prevalence of T. gondii (Hussein et al, 1998; 
Elamin et al, 1992; Hilali et al, 1998) and of Neospora 
caninum (Hilali et al, 1998) were also reported.  A case 
of acute toxoplasmosis in a 6-year old female camel, 
characterised by anorexia dyspnoea, abortion and 
fatal termination, had been documented (Hagemoser 
et al, 1990).

Balantidiosis
The ciliate Balantidium coli is a common 

inhabitant of the alimentary tract of the camels, 
which is occasionally associated with severe diarrhoea 
(Boid et al, 1985).  Mainly cysts were detected in 
30.21% of 897 camel faecal samples in Rajasthan, 
India (Partani et al, 1998).  Higher incidence was 
recorded in farm camels than field animals.  Four 
of the field camels had severe diarrhoea and were 
passing trophozoites.  Tafti et al (2001) regarded 
balantidiosis (19%) as the second most prevalent 
(after Eimeria spp. infections) pathologic lesion of the 
digestive system in 100 slaughtered camels in Iran.  
Caecum and colon affected with Balantidium spp. 
displayed necrosis of the epithelium and penetration 
of trophozoites of the protozoa into the mucosa.  In 
Ethiopia, B. coli was observed in 11.92% of the 260 
faecal samples examined (Tekle and Abebe, 2001).

Other protozoa	
Theileria-like bodies variously designated 

as Theileria camelensis and T. dromedarii had been 
reported in the past.  However, the identification is 
doubtful since it was based only on piroplasm stage 
being found in the blood smears.  Since the camel tick 
Hyalomma dromedarii  is also found parasitising cattle 
and in endemic areas, can act as a vector of bovine 
Theileria annulata, it is quite likely that the Theileria 
bodies seen in camel blood were of bovine origin 
briefly surviving in the abnormal host. This aspect 
needs further evidence and research.

Wernery   (1991)   reported   isolation   of 
Trichomonas foetus from the uterus of breeding camels 
(24/68 camels which were barren for 1-4 years).  
One preputial washing of a camel bull which had 
served the herd was also found positive for T. foetus.  
The samples were negative for bacterial and fungal 
agents of abortion.  Detection of an Eperythrozoon 
spp. From camel was reported once (Hussein et al, 
1991).  Chronic cryptosporidiosis in a bactrian camel 
(Camelus bactrianus) was described (Fayer et al, 1991).  
Considering its broad host range, it is quite likely to 
be more prevalent as natural infection in dromedarian 

camels also, and should be looked for in obscure cases 
of diarrhoea.

Concluding remarks	
In spite of an impressive volume of work 

resulting in a better understanding of the 
important protozoal diseases of camels, especially 
trypanosomosis, there is an obvious need for 
further work on many aspects. Notwithstanding the 
technological advancements, a simple inexpensive and 
reliable pen-side test for detection of trypanosomosis 
still eludes us.  Due to the limitationof antigenic 
variations discounting the option of vaccine 
development and keeping an eye on the drug 
resistance factor, new formulations of effective therapy 
would also need to be evolved at least in the short 
term.  A shift from the pastoral to high-tech and 
intensive farm-rearing with resultant confinement, 
overcrowding, stress, lack of exercise and absence of 
high-browsing is likely to create conditions conducive 
for increase of coccidiosis, balantidiosis and other 
presently-less-menacing protozoa.  Nevertheless, the 
need to include these entities in the overall parasitic 
disease surveillance among camels is undeniable.
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