
 

 

INTRODUCTION 

 

Livestock sector plays an important role in the economy of 

Pakistan, and different dairy animals are known as the 

mainstay for the livelihood of people of the Southern Punjab. 

In Pakistan, dairy animals such as cattle, buffaloes, sheep, 

goats, and camels mainly reared for milk and meat production 

under tropical and sub-tropical climatic conditions (Ali et al., 

2016; Ali et al., 2017; Hussain et al., 2017; Hussain et al., 

2018; Hussain et al., 2020). However, bacterial, viral and 

different parasitic infections have been one of the major 

threats to dairy animals and different livestock operation 

systems (Batool et al., 2019; Zafar et al., 2019; Chemweno et 

al., 2019; El-Shanawany et al., 2019; Hussain et al., 2019a; 

Li et al., 2020). Among different parasitic infections, 

Trypanosoma evansi (T. evansi) is haemoflagellate parasite 

and causative agent of “surra” that is an important disease of 

domestic and wild animals (Truc et al., 2007; Chau et al., 

2016). Trypanosoma evansi is mechanically transmitted by 

biting flies and is a common disease of different wild and 

domestic animals including cattle, dogs, buffaloes, horses, 

and deer (Yadav et al., 2011; Desquesnes et al., 2013; 

Hussain et al., 2016; Hussain et al., 2018; Mahmoud et al., 

2020). T. evansi most commonly causes trypanosomiasis in 

animals but is not known to be zoonotic. It causes enormous 

concern for the livestock farmers not only by lowering the 

milk or meat production but also by increasing the 

management cost in terms of management practices and 
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This study describes some epidemiological and patho-physiological aspects of Trypanosoma evansi (causative agent of 

“surra”) infection in camels (n=255) and Nili Ravi buffaloes (n=233). Clinical ailments like fever, shivering, edema of pads 

and urticarial swelling were observed in infected animals. Overall prevalence of T. evansi infection in buffaloes was 9.01 and 

15.12% based on blood smear examination and PCR, respectively, while in camels, the prevalence was 10.58 and 15.29% 

based on smear examination and PCR, respectively. Results on epidemiological data did not indicate significant association of 

different factors of hosts with prevalence of T. evansi. Hematological parameters including hematocrit, mean corpuscular 

volume (MCV), leukocyte counts, neutrophils, eosinophils and monocytes increased significantly (P<0.05) while erythrocyte 

counts, hemoglobin (Hb) concentration, mean corpuscular hemoglobin concentrations (MCHC), and lymphocytes decreased 

significantly in infected buffaloes. In infected camels, leukocyte counts, neutrophils, eosinophils, monocytes, and basophils 

increased significantly (P<0.05) while erythrocyte counts, Hb concentration, hematocrit, and lymphocytes decreased 

significantly. Serum biochemical parameters including alanine aminotransferase (ALT), aspartate aminotransferase (AST) and 

alkaline phosphatase (ALP) in infected camels while ALT and ALP, LDH, and Lipid per oxidation product (LPO) in infected 

buffaloes increased significantly (P<0.05). Results showed significantly decreased values of AST, total proteins, magnesium, 

calcium, and phosphorus in infected buffaloes. 
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treatment. Many species of the parasite have been identified 

but Trypanosoma evansi is the most common and endemic in 

several tropical and sub-tropical areas of the world (Hussain 

et al., 2018). The disease has a debilitating nature in dairy 

animals and its propagation is mainly favored and directly 

linked with climatic conditions of the regions and the 

presence of vectors in the area. The high environmental 

temperature and relative humidity favors the proliferation of 

its vectors and thus increases chances of occurrence of the 

disease. Another epidemiological factor is its transmission in 

the reservoir hosts that include cattle and buffaloes. Among 

dairy animals, the buffaloes are considered as the most 

susceptible to the disease as compared to other domestic 

livestock. Trypanosomiasis has a substantial negative impact 

on dairy animals and causes high mortality and reproductive 

losses as well. Clinically, the disease is represented by 

anemia, decreased milk production, reduced working 

efficiency, immunosuppression, and abortions (Desquesnes et 

al., 2013). There is a marked reduction in total erythrocytes 

count (TEC), packed cell volume and hemoglobin 

concentration in infected animals (Hilali et al., 2006). 

Different investigations have proved that not only the 

Trypanosoma affects the blood cells, but it also has harmful 

effects in certain body tissues. Moreover, the parasite brings 

about certain changes in the chemical profile of blood which 

induce oxidative stress to the buffaloes (Pandey et al., 2015; 

Hussain et al., 2018). Regardless of being somewhat 

expensive and technical, PCR is usually useful in diagnosis of 

the disease. Parasite detection using PCR technique has many 

advantages over serology and microscopy techniques with 

respect to the specificity, sensitivity and rapidity. The 

molecular basis of disease diagnosis in the field has helped to 

improve the detection rate of surra in different herds (Sumbria 

et al., 2015, Sumbria et al., 2017).  

Despite different previous studies conducted in tropical and 

sub-tropical areas of Pakistan on cattle, buffaloes, camels and 

equines, no information is available from pastoral areas about 

the presences of animal trypanosomiasis due to non-tsetse 

transmitted trypanosome infection. Hence, the present study 

was carried out to investigate the strain based non-tsetse 

transmitted trypanosome infection and its pathophysiological 

impacts in infected buffaloes and camels.  

 

MATERIALS AND METHODS 

 

Animals: This study was carried out at two districts (Lodhran 

and Bahawalpur) of Punjab province. A total of 255 camels 

reared at Cholistan desert conditions, district Bahawalpur and 

a total of 233 buffaloes of mixed breeds kept at different 

villages of tehsil Lodhran of district Lodhran and having 

different age and sex were randomly included in this study 

during the month of October and November 2018 for 

screening of Trypanosoma infection. The data regarding age 

of animals was obtained from the owners or attendants. The 

animals with history of pyrexia, lacrimation and having 

different other physiological abnormalities (body condition, 

pulse, and respiration rate) were screened for the presence of 

Trypanosoma infection. 

Blood Sampling: For parasitological investigation, blood was 

obtained from marginal ear veins and jugular vein of each 

animal (camel and buffalo) according to instructions and the 

guidelines of International Animal Ethics and Welfare 

Committee in glass test tubes with and without anticoagulant 

(EDTA; 1mg/ml) (Hussain et al., 2016). Equal number of 

blood samples (20) from healthy and infected animals of both 

species was collected for different blood and serum 

biochemical analysis (Hussain et al., 2018).  

Parasitological Investigation: Thin blood smears for each 

animal were prepared using microscopic glass slides for 

microscopic identification of flagellated Trypanosomes. All 

the smears were made from fresh blood (Hussain et al., 2018). 

All the microscopic blood smears were dried, fixed with 

absolute ethanol and immediately stained with Giemsa stain. 

For different morphological alterations in red blood cells and 

the presence of Trypanosoma, all the blood smears were 

carefully observed under light microscope (Hussain et al., 

2016). The collected blood samples were also subjected to 

PCR for the confirmation of different strains of parasite. The 

DNA was extracted from the blood by phenol-chloroform 

method and PCR was performed by using specific primers 

(TBR1 forward, 5’GAATATTAAACAATGCGCAG’3 and 

TBR2 reverse, 5’CCATTTATTAGCTTTGTTGC’3) 

according to the procedure as described earlier (Desquesnes 

et al., 2001). 

Hematological Studies: Blood samples collected without 

anticoagulant were subjected to different hematological 

parameters including total erythrocyte counts, hemoglobin 

concentration, total leukocyte and differential leukocyte 

counts, hematocrit along with mean corpuscular hemoglobin 

quantity were determined (Hussain et al., 2016). 

Blood and Serum Biochemistry: All the serum samples were 

investigated for determination of serum proteins (serum total 

proteins and albumin quantity), different enzymes like 

aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), and alkaline phosphatase (ALP), lactate 

dehydrogenase (LDH), mineral contents and a lipid 

peroxidation product (malondialdehyde concentration) 

according to the previously used protocol (Hussain et al., 

2019b).  

Statistical analysis: Data collected in the present study were 

analyzed by using suitable statistical tools. The prevalence 

was determined by chi-square test. Odd ratio and 95% C.I. 

were also determined. Data on blood biochemical parameters 

were subjected to Student’s t-test, using SPSS. The significant 

difference was considered at P<0.05. 
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RESULTS 

 

The overall prevalence of 9.01% of Trypanosomiasis 

infection based on microscopic smear examination, and 

15.12% with PCR in buffaloes while 10.58% based on 

microscopic smear examination and 15.29% (Figure 1) on the 

basis of PCR in camel was recorded (Table 1). The PCR test 

gave 2.28 times higher positive results, which is significant 

than blood smear-based test results in buffalo. While in camel, 

the PCR gave 52% higher positive results than smear test 

results and the chi-square difference was non-significant. The 

results of Chi-square test did not reveal significant differences 

of blood-based smear tests between male and female of both 

camel and buffaloes (Smear positive or PCR positive). 

Similarly, the difference of blood based positive test results 

between age groups was also non-significant in both camel 

and buffaloes (Smear positive or PCR positive).   

 

Table 1. Frequency of clinical signs observed in buffaloes 

(43) and camels (39) infected with trypanosoma 

evansi 

Clinical sign No. Percentage 

Buffalo 

Anorexia/inappetence 39 90.6 

Pyrexia 39 90.6 

Depression/lethargy 33 76.6 

Pale mucous  membrane 35 81.3 

Dehydration 33 76.6 

Lymphadenomegaly 11 25.5 

Petechiae/ecchymosis  23 53.4 

Diarrhea/constipation 17 39.5 

Icterus 39 90.6 

Corneal opacity/ocular signs 31 72.0 

Ataxia/nervous signs 17 39.5 

Emaciation 31 72.0 

Respiratory signs/dyspnoea 33 76.6 

Congested mucous membrane 29 67.4 

Ascites/peripheral edema 23 53.4 

Camel 

Anorexia/inappetence 29 74.3 

Pyrexia 33 84.6 

Depression/lethargy 31 79.4 

Pale mucous  membrane 37 94.8 

Dehydration 35 89.7 

Lymphadenomegaly 09 23.1 

Petechiae/ecchymosis  27 69.2 

Diarrhea/constipation 23 58.9 

Icterus 29 74.3 

Corneal opacity/ocular signs 31 79.4 

Ataxia/nervous signs 15 38.4 

Emaciation 29 74.3 

Respiratory signs/dyspnoea 27 69.2 

Congested mucous membrane 31 79.4 

Ascites/peripheral edema 29 74.3 

 
Figure 1. PCR products and electrophoresis (1.5% 

agarose, stained with ethidium bromide) of TBR 

gene (535bp) specific for DNA amplification of 

Trypanosoma evansi: Lanes (1-3) positive 

reactions. M: DNA marker. 

 

The PCR based findings on Trypanosomiasis in camels and 

buffaloes indicated that this test was more sensitive to detect 

Trypanosomiasis in buffaloes than camel. The occurrence of 

the disease was found 25% more as compared to the smear 

method. 

 

 
Figure 2. Blood smear of Trypanosoma evansi positive 

buffalo showing presence of parasite and 

hypochromatic red blood cells (Giemsa Staining- 

1000X). 
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Figure 3. Blood smear of Trypanosoma evansi positive 

camels showing poikilocytosis, anisocytosis and 

presence of parasite and hypochromatic red 

blood cells (Giemsa Staining- 1000X). 

 

Various physiological abnormalities or clinical abnormalities 

of the buffaloes and camels recorded included anorexia, 

pyrexia, lacrimation, edematous legs, hyperemic eyes, and 

frequent urination. In addition, in camels brisket edema was 

observed in few cases (03). Furthermore, many infected 

animals were emaciated, depressed and lethargic. 

Microscopic observation of blood smear revealed 

morphologically various strains of parasite on the basis of 

flagellum in buffaloes (Fig. 2) and camels (Fig. 3). 

The results of hematological parameters showed that 

erythrocytes counts and erythrocyte indices including Hb 

concentration and MCHC were significantly reduced 

(P<0.05) in T. evansi infected animals (buffaloes and camels) 

in comparison to non-infected animals (Table 3). The 

hematocrit values were higher (P<0.05) in buffaloes but were 

lower in camel. The leukocyte counts, neutrophils, monocytes 

and eosinophils increased significantly (P<0.05) both in 

infected camels and buffaloes, while the lymphocyte counts 

decreased significantly in infected animals of both the 

species. Results revealed non-significant difference in 

basophils counts in T. evansi infected buffaloes in comparison 

to non-infected (Table 3) while in infected camels it increased 

significantly. Results on microscopic observation of blood 

smear of camels indicated presence of morphologically 

different red blood cells (Fig. 2). The frequency of 

microcytes, macrocytes, red blood cells with nuclear 

remnants along with polychromasia and hypochromasia were 

increased in trypanosome infected camels. Results on serum 

biochemistry showed that the quantity of total serum proteins 

in camels and buffaloes were significantly reduced (P<0.05) 

when compared to non-infected animals.  

The results on various serum enzymes showed that the 

quantity of ALT and ALP were significantly (P<0.05) higher 

in infected animals. The AST was lower (P<0.05) and higher 

in infected buffaloes and camels, respectively. The LDH was 

higher in buffaloes. The values of oxidation product 

(malondialdehyde) were increased significantly (P<0.03) in 

infected buffaloes (Table 3). Results showed that different 

serum macro-minerals including magnesium, calcium, and 

phosphorus decreased significantly in infected buffaloes 

(Table 3). 

 

Table 2. PCR and Giemsa smear examination based 

frequency of Trypanosoma evansi in camels and 

buffaloes. 
Species/

sex/age 

No. Positive 95%C.I. Odd Ratio/ P 

value N % 

Giemsa smear test 

Buffalo  

Sex      

Male 69 07 10.14 4.55 - 19.04 1.21  [reciprocal = 

0.83] Female 164 14 8.53 4.94 - 13.59 

Age groups 

< 1 47 3 6.38 1.65 - 16.39 Mantel-Haenszel 

chi-sq. P = 0.983 2-3 73 9 12.32 6.18 - 21.42 

4-5 67 5 7.46 2.79 - 15.76 

> 5  46 4 8.69 2.82 - 19.66 

Polymerase chain reaction 

Sex      

Male 69 15 21.73 13.20 - 32.61 1.35  [reciprocal = 

0.74] Female 164 28 17.07 11.89 - 23.41 

Age groups 

< 1 47 7 14.89 6.75 - 27.25 Mantel-Haenszel 

chi-sq. P = 0.827 2-3 73 15 20.54 12.44 - 30.95 

4-5 67 13 19.40 11.24 - 30.16 

> 5  46 8 17.39 8.42 - 30.36 

Giemsa smear examination 

Camels 

Sex      

Male 62 08 12.90 6.18 - 23.03 1.36  [reciprocal = 

0.74] Female 193 19 9.84 6.21 - 14.68 

Age Groups 

< 1 53 5 9.43 3.54 - 19.68 Mantel-Haenszel 

chi-sq. P = 0.692 2-4 69 7 10.14 4.55 - 19.04 

5-6 81 9 11.11 5.56 - 19.41 

>6 52 6 11.53 4.81 - 22.46 

Polymerase chain reaction 

Sex      

Male 62 09 14.51 7.32 - 24.97 0.92  [reciprocal = 

1.08] Female 193 30 15.45 10.94 - 21.18 

Age groups 

< 1 53 6 11.32 4.72- 22.06 Mantel-Haenszel 

chi-sq. P = 0.487 2-4 69 11 15.94 8.68 - 26.01 

5-6 81 13 16.04 9.23 - 25.26 

>6 52 9 17.30 8.79 - 29.39 
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DISCUSSION 

 

Dense population of dairy animals particularly buffaloes, 

cattle and camels exist in southern Punjab. This region 

accounts for about more than 52% of agriculture-based 

landscape where 32% of the total population of this province 

inhabits and mostly associated with dairy animals for their 

livelihood. The cattle (Cholistani breed) and camels are the 

main dairy animals reared for routine livelihood of the people 

of this region. The buffaloes are mainly kept in villages. In 

Table 3. Blood profile of Trypanosoma evansi positive and healthy buffaloes and camels 

Parameters/Species Healthy (20) Infected (20) p-value 

Buffalo 

Erythrocyte counts (106/μL) 7.69±0.26 6.11±0.31* 0.001 
Hemoglobin quantity (g/dL) 12.9±0.7 10.1±0.2* 0.001 
Hematocrit (%) 34.65±1.75 44.52±1.45** 0.001 
Mean corpuscular volume (fL) 45.8±2.8 67.5±9.2** 0.001 
Mean corpuscular hemoglobin concentration (g/dL) 37.3±2.2 22.6±0.8* 0.001 
Leukocyte counts (103/μL) 9.21±0.38 12.27±0.53** 0.001 
Neutrophil (%) 34.3±1.1 50.1±5.3** 0.001 
Lymphocyte (%) 49.6±1.6 41.2±3.5* 0.001 
Eosinophil (%) 2.45±0.22 3.84±0.25** 0.001 
Monocyte (%) 4.15±0.33 5.05±0.76** 0.001 
Basophil (%) 0.57±0.05 0.64±0.09 0.094 
Camels 

Erythrocyte counts (106/μL) 7.12±0.45 4.75±0.24* 0.001 
Hemoglobin quantity (g/dL) 12.05± 0.69 9.14± 0.43* 0.001 
Hematocrit (%) 40.48±2.2 28.6±2.1* 0.001 
Mean corpuscular volume (fL) 57.1±3.9 60.6±5.7 0.295 
Mean corpuscular hemoglobin concentration (g/dL) 29.3±2.1 31.6±3.2 0.309 
Leukocyte counts (103/μL) 12.2± 1.2 17.5±1.5** 0.001 
Neutrophil (%) 32.2± 1.3 46.6±2.4** 0.001 
Lymphocyte (%) 49.5±4.6 40.5±2.6* 0.001 
Eosinophil (%) 2.26±0.17 3.84±0.14** 0.001 
Monocyte (%) 2.24±0.35 3.92±0.44** 0.001 
Basophil (%) 0.73±0.18 1.48±0.06** 0.001 
P-value less than 0.05 indicate the significance abnormality in trypanosome infected buffaloes; *Indicate significant decrease, while ** 
indicate significant increase in values in each row. 

 

Table 4: Serum biochemical profile of Trypanosoma evansi positive and healthy buffaloes and camels 

Parameters/Species  Healthy (20) Infected (20) p-value 

Buffalo    
Alanine aminotransferase (U/L) 83.8±2.6 108.49±4.2** 0.001 
Aspartate aminotransferase (U/L) 85.5±2.5 25.12±1.5* 0.001 
Alkaline phosphatase (U/L) 83.8±2.6 108.4±4.2** 0.001 
Lactate dehydrogenase (U/L) 270.1±20.3 339.8±3.9** 0.001 
Serum total proteins ((g/dL) 5.68±0.41 4.27±0.38* 0.001 
Lipid per oxidation product 1.59±0.22 2.17±0.24** 0.001 
Magnesium (mg/dL) 2.29 ± 0.12 1.43 ± 0.11* < 0.04 
Calcium (mg/dL) 9.11 ± 0.02 7.01 ± 0.04* < 0.02 
Phosphorus (mg/dL)  5.13 ± 0.09 3.39 ± 0.17* < 0.01 
Camels 

Alanine aminotransferase (U/L) 15.8±1.43 34.07±7.57** 0.001 
Aspartate aminotransferase (U/L)  30.77±2.45 43.47±3.24** 0.001 
Alkaline phosphatase (U/L) 95.47±5.65 127.3±4.1** 0.001 
Serum total proteins (g/dL) 6.33±0.50 4.75±0.18* 0.001 
Albumin (g/dL) 3.55±0.25 2.23±0.11* 0.001 
P-value less than 0.05 indicate the significance abnormality in trypanosome infected buffaloes; *Indicate significant decrease, while ** 
indicate significant increase in values in each row. 
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desert conditions (Cholistan) nomadic system exists and there 

is seasonal based migration of animals due to shortage of feed 

and water. The camels are known as the best source of 

livelihood of people of desert areas including Africa, Asia and 

Middle East (Diall et al., 1993; AL-Samawy et al., 2019; 

Gherissi et al., 2020). Due to lack of proper husbandry 

practices in this region, the chances of occurrence and 

transmission of different infections agents increase in dairy 

animals. Therefore, continuous disease monitoring, from time 

to time is important for control strategies and eradications of 

various parasitic endemic infections (Riaz et al., 2109; 

Hussain et al., 2017; Ali et al., 2020). Therefore, due to this 

reason the current research was carried out to investigate the 

presence of trypanosome parasite in camels and buffaloes. 

The different clinical signs observed in camels and buffaloes 

in this current study, like high temperature, and lacrimation 

due to Trypanosoma evansi have previously been reported in 

camels (Baticados et al., 2011; Padmaja, 2012; Tehseen et al., 

2015; Hussain et al., 2016), and buffaloes (Sivajothi and 

Reddy 2017; Hussain et al., 2018; Nuryady et al., 2019). The 

findings of our study indicated that there were no significant 

differences in presence of disease in camels and buffaloes on 

the basis of age and gender. In contrast to these findings, 

increased prevalence of infection in old (Bogale et al., 2012), 

young (Kassa et al., 2011) and male animals (Bogale et al., 

2012) have previously been reported. 

In the present study, results showed significant changes in 

hematological parameters due to Trypanosoma infection in 

camels and buffaloes. The erythrocyte counts, lymphocyte, 

hemoglobin and mean corpuscular hemoglobin concentration 

were significantly reduced in trypanosome infected animals 

while total leukocyte count, neutrophils, eosinophils and 

monocytes were significantly increased in diseased animals. 

The evaluations of various hematological parameters are 

considered as the most important and reliable to know the 

stage and severity of the disease infected animals. Previously 

it is reported that the blood biochemical parameters are the 

useful and reliable biomarkers to determine disease 

conditions including surra (Ohaeri and Eluwa, 2011; Pandey 

et al., 2015; Hussain et al., 2018; Mingala et al., 2020). In 

present study, lower blood values including decreased red 

blood cells, lymphocyte, MCHC and hemoglobin quantity in 

infected camels and buffaloes are suggestive of anemia. The 

significantly decreased erythrocyte count in affected cases 

could also be related to parasitic infection leading to removal 

of red blood cells by phagocytic actions of mononuclear cells 

in lymph nodes and spleen. Moreover, decreased number of 

erythrocytes also leads to lower values of hematocrit, 

responsible for vascular abnormalities and dysfunctions 

resulting in anoxic conditions in variety of tissues (Eyob and 

Matios, 2013; Hussain et al., 2018). Similar reports are 

available in different previous published studies in camels 

(Mijares et al., 2010; Padmaja, 2012; Eyob and Matios, 2013; 

Hussain et al., 2016) and buffaloes (Pandey et al., 2015; 

Hussain et al., 2018). The lower counts of lymphocytes 

observed in the infected animals in this study may be 

attributed to the immunosuppressive actions of trypanosome 

infection (Abubakar et al., 2005; Ekanem et al., 2008). 

Results of this study showed increase in white blood cell 

counts, neutrophil counts, PCV and MCV values in both 

trypanosome infected camels and buffaloes. These occur as a 

result of innate immune responses as being the first line of 

defense among the cells to the infection to fight against the 

infection which are similar to previous published literature 

(Padmaja, 2012; Hussain et al., 2018). In addition, increased 

population of neutrophils, eosinophils and basophils are 

suggestive of parasitic infection and has also been recorded 

previously in Surra (Ahmad et al., 2004; Padmaja et al., 

2012). The increased frequency of red blood cells like 

microcytes, macrocytes, cells with nuclear remnants, 

polychromic and hypochromic cells in infected camels could 

be due to oxidative stress resulting hypoxic conditions in 

tissues. Similar reports are also available in naturally infected 

camels (Hussain et al., 2016) and experimental rats (El-Baky 

and Salem, 2011). 

The significantly increased levels of biochemical parameters 

such as serum enzymes and lipid peroxidation products in 

infected camels and buffaloes might be due to increased 

generation and release of free radicals leading to induction of 

oxidative stress, injury to blood vessels and increased 

permeability of small blood vessels (Akerstedt et al., 2011). 

Moreover, different previous studies have reported that the 

increased quantity of different serum biochemical parameters 

including serum enzymes and lipid peroxidation product 

could be due to hepatic degeneration, oxidative stress, and 

hypoxic conditions faced by different body tissues (El-Baky 

and Salem, 2011; Hussain et al., 2018). The significantly 

lower contents of different serum minerals can be related to 

abnormal physiological changes induced by oxidative stress 

leading to poor absorption and lower bioavailability in 

infected animals (Spears and Weiss, 2008; Kirmizigul et al., 

2016; Hussain et al., 2020) It is also speculated that anemia 

creates anoxic disorders in diseased animals and eventually 

leads to development of weakness which exhibits the signs of 

dysfunction in various organs mainly including the liver and 

results into release of several enzymes particularly the alanine 

aminotransferase and aspartate aminotransferase (Olaho-

Mukani and Mahamat, 2000; Soylu, 2013).  

 

Conclusion: Keeping in view the findings and investigation 

of this study, it is therefore suggested that continuous 

screening and detection of T. evansi infection is crucial to 

enhance the productivity of dairy animals.  

 
REFERENCES 
 
Abubakar, A., B. Iliyasu, A.B. Yusuf, A.C. Igweh, N.A. 

Onyekwelu, B.A. Shamaki, D.O. Afolayan, and E.O. 



Epidemiology and patho-physiological parameters of T. evansi infected animals 

 717 

Ogbadoyi. 2005. Antitrypano-somal and haematological 
effects of selected Nigerian medicinal plants in Wistar 
rats. Biokemistri.  17:95-99. 

Ahmad, S., A.A. Butt, G. Muhammad, M. Athar, and M.Z. 
Khan. 2004. Haematobiochemical studies on the 
haemoparasitized camels. Int. J. Agric. Biol. 6:331-334. 

Akerstedt, M., L. Forsbäck, T. Larsen, and K. Svennersten-
Sjaunja. 2011. Natural variation in biomarkers indicating 
mastitis in healthy cows. J. Dairy Res. 78:88-96. 

Ali, F., R. Hussain, A. Qayyum, S.T. Gul, Z. Iqbal, and M.F. 
Hassan. 2016. Milk somatic cell counts and some 
hemato-biochemical changes in sub-clinical mastitic 
dromedary she-camels (Camelus dromedarius). Pak. Vet. 
J. 36:405-408. 

Ali, H.M., A.S. Qureshi, R. Hussain, G. Urbinati, M.Z. 
Mustafa, F. Ali, A. Manan, L. Massaad. 2017. Effects of 
natural environment on reproductive histo-morphometric 
dynamics of female dromedary camel. Anim. Reprod. 
Sci. 181:30-40. 

Ali, S., M. Ijaz, A. Ahmed, M.U. Aziz, M. Naveed, M.U. 
Javed, Y. Nawab, N.Z. Ghumman, and A. Ghaffar. 2020. 
Prevalence and associated risk factors of bovine 
babesiosis in Lahore, Pakistan. Agrobiol. Records. 2:17-
23. 

AL-Samawy, E.R.M., A.S. Jarad, F.J. Al-Saffar and D.M.H. 
Kadhim. 2019. Histological and histochemical study on 
the large intestine of one-humped camel in Iraq. Asian J. 
Agric. Biol. 7:373-380.  

Baticados W.N., C.P. Fernandez, and A.M. Baticados. 2011. 
Molecular detection of Trypanosoma evansi in cattle 
from Quirino province, Philippines, Vet. Arh. 81:635-
646. 

Batool, M., S. Nasir, A. Rafiq, I. Yousaf, and M. Yousaf. 
2019. Prevalence of tick infestation in farm animals from 
Punjab, Pakistan. Pak. Vet. J. 39:406-410. 

Bogale, B., F. Kelemework, and M. Chanie. 2012. 
Trypanosomosis in camel (Camelus dromedarius) in 
delo-mena district, Bale Zone, Oromia region, Southwest 
Ethiopia, Acta Parasitol. Glob. 3:12-15. 

Chau V.V.N, B.I. Chau, M. Desquesnes, S. Herder, P.L.N. 
Huong, J.I. Campbell, et al. 2016. A clinical and 
epidemiological investigation of the first reported human 
infection with the zoonotic parasite Trypanosoma 
evansi in Southeast Asia. Clin. Infect. Dis. 62:1002-
1008. 

Chemweno, V.J., C.G. Gitao, J.M. Gachohi, R.K. Soi, E.K. 
Ndungu, A. Khalif, and R.N. Omani. 2019. PPR in 
camels: Sero-prevalence and socio-economics. Int. J. 
Vet. Sci. 8:84-88. 

Desquesnes, M., G. McLaughlin, A. Zoungrana, M.R. 
Alberto, and DaÂvila. 2001. Detection and identi®cation 
of Trypanosoma of African livestock through a single 
PCR based on internal transcribed spacer 1 of rDNA. Int. 
J Parasitol. 31:610-614. 

Desquesnes, M., A. Dargantes, D.H. Lai, Z.R. Lun, and P. 
Holzmuller. 2013. Trypanosomaevansi and surra: A 
review and perspectives on transmission, epidemiology 

and control, impact, and zoonotic aspects. Biomed Res. 
Int. 2013:321237. 

Diall, O., Z. Bocoum, B. Diarra, Y. Sanogo, Z. Coulibaly, and 
Y. Waigalo. 1993. Epidemiology of trypanosomiasis 
caused by T. evansi in camels in Mali: results of 
parasitological and clinical survey. Rev. Elev. Med. Vet. 
Pays Trop. 46:455-461. 

Ekanem, J.T., O.M.  Kolawole, and O.C. Abbah. 2008. 
Trypanocidal potential of methanolic ex-tract of 
Brideliaferrugineabenth bark in Rattusnovergicus. Afr. J. 
Biochem. Res. 2:45-50. 

El-Baky, A.A.A., and S.I. Salem. 2011. Clinicopathological 
and cytological studies on naturally infected camels and 
experimentally infected rats with Trypanosoma evansi. 
World Appl. Sci. J. 14:42-50. 

El-Shanawany, E.E., N.I. Toaleb and E.H. Abdel Rahman. 
2019. Hydatid cyst germinal layer purified glycoproteins 
for diagnosis of camel cystic echinococosis. Int. J. Vet. 
Sci. 8:101-105. 

Eyob, E., and L. Matios. 2013. Review on camel 
trypanosomosis (Surra) due to Trypanosoma evansi: 
epidemiology and host response, J. Vet. Med. Anim. 
Health 5:334-343. 

Gherissi, D.E., M. Boukhili and A. Gherissi, 2020. Genital 
histomorphometrical evaluation and survey on 
reproductive traits of male camel (Camelus dromedarius) 
in relation to the pubertal age under extreme arid 
conditions. Asian J. Agric. Biol. 8:436-446. 

Hilali, M., A. Abdel-Gawad, A. Nassar, and A. Abdel-Wahab. 
2006. Hematological and biochemical changes in water 
buffalo calves (Bubalus bubalis) infected with 
Trypanosoma evansi. Vet. Parasitol. 139:237-243.  

Hussain, R., A. Khan, R.Z. Abbas, A. Ghaffar, G. Abbas, T. 
Rahman, and F, Ali. 2016. Clinico-Hematological and 
Biochemical Studies on Naturally Infected Camels with 
Trypanosomiasis. Pak. J. Zool. 48:311-316. 

Hussain, R., F. Mahmood, A. Khan, and K. Mehmood. 2017. 
Prevalence and pathology of bovine coccidiosis in 
Faisalabad district, Pakistan. Thai J. Vet. Med. 47:401-
406. 

Hussain, R., A. Khan, Jahanzaib, A. Qayyum, T. Abbas, M. 
Ahmad, M. Mohiuddin, and K. Mehmood. 2018. Clinico-
hematological and oxidative stress status in Nili Ravi 
buffaloes infected with Trypanosoma evansi. Microbial 
Pathog. 123:126-131. 

Hussain, R., M.T. Javed, I. Khan, A.B. Siddique, B. Aslam, 
A. Ghaffar, N. Tariq, A. Qayyum, and G. Wareth. 2019a. 
Pathological and clinical investigations of an outbreak of 
Blackleg disease due to C. chauvoei in cattle in Punjab, 
Pakistan. J. Infect. Dev. Ctries. 13:786-793. 

Hussain, R., F. Ali, A. Rafique, A. Ghaffar, G. Jabeen, M. 
Rafay, S. Liaqat, I. Khan, R. Malik, M.K. Khan, M. Niaz, 
K. Akram, and A. Masood. 2019b. Exposure to sub-acute 
concentrations of glyphosate induce clinico-
hematological, serum biochemical and genotoxic damage 
in adult cockerels. Pak. Vet. J. 39:181-186. 



Hussain, Mehmood, Abbas, Khan, Siddique, Masood, Qadir, Ishaq, Akram, Ghori, Khan & Tayyib 

 718 

Hussain, R., F. Mahmood, G. Murtaza, M.I. Abbas, J.M. 
Warraich and R. Akram. 2020. Clinical, pathologico-
anatomic and mycological studies of aspergillosis in 
ostrich (Struthio camelus). Asian J. Agric. Biol. 8(4): 
386-391. 

Hussain, R., F. Mahmood, B. Aslam, A.B. Siddique, A. 
Rafique, S.A. Khaliq, I. Khan, S. Imran, M. Mubeen, 
Jahanzaib, and A.A. Nasir. 2020. Investigation of 
different serotypes of FMDV in vaccinated Buffaloes 
(Bubalus bubalis) in Southern Areas of Punjab Province, 
Pakistan. Pak. Vet. J. 40:118-122. 

Kassa, T., T. Eguale, and H. Chaka. 2011. Prevalence of 
camel trypanosomosis and its vectors in Fentale district, 
South East Shoa Zone, Ethiopia. Vet. Arh. 81:611-621. 

Kirmizigul, A.H., M. Ogun, H. Ozen, E.E. Erkilic, E. Gokce, 
M. Karaman, and A. Kukurt. 2016. Oxidative stress and 
total sialic acid levels in sheep naturally infected with 
pox virus, Pak. Vet. J. 36:312-315. 

Li, K., H. Luo, K. Mehmood, M. Shahzad, and J. Li. 2020. 
Exploring the potential parasitic pathogens causing 
diarrheal death to yak calves with bloody excrement 
through high-throughput sequencing. Agrobiol. Records. 
1:1-5. 

Mahmoud, N.E., S.M. Habeeb, K.A. Abdelrahman, H.M. 
Ashry, and M.R. Hassan, 2020. Role of tampan tick 
Ornithodoros Savignyi (acari: argasidae) in transmitting 
Trypanosoma Evansi in laboratory animals. Int. J. Vet. 
Sci. 9:273-278. 

Mijares, A., J. Vivas, C. Abad, M. Betancourt, S. Piñero, F. 
Proverbio, R. Marín, and R. Portillo. 2010. Trypanosoma 
evansi: effect of experimental infection on the osmotic 
fragility, lipid peroxidation and calcium- ATPase activity 
of rat red blood cells, Exp. Parasitol. 124:301-305. 

Mingala, C.N., J.A. Abenoja, C.V. Rivera, M.M. Balbin, 
V.M. Venturina, and M.A. Villanueva. 2020. 
Trypanosoma evansi and Neospora caninum among 
water buffaloes (Bubalus bubalis) in the Philippines. 
Arch. Vet. Sci. 25: 20-34. 

Nuryady, M.M., R. Widayanti, R.W. Nurcahyo, B. 
Fadjrinatha, and Z.S.A. Fahrurrozi. 2019. 
Characterization and phylogenetic analysis of multidrug-
resistant protein - encoding genes in Trypanosoma 
evansi isolated from buffaloes in Ngawi district, 
Indonesia. Veterinary World. 12: 1573–1577.  

Ohaeri C.C., and M.C. Eluwa. 2011. Abnormal biochemical 
and haematological indices in Trypanosomiosis as a 
threat to herd production, Vet. Parasitol. 177:199-202. 

Olaho-Mukani, W., and H. Mahamat. 2000. Trypanosomiasis 
in the dromedary camel. The Camelid Publishers 
ChandanSagar Well Bikaner, India. Pp: 175. 

Padmaja, K. 2012. Haemato-biochemical studies and therapy 
of trypanosomiasis in camels. Vet. World. 5:356-358. 

Pandey, V., R. Nigam, A.K. Jaiswal, V. Sudan, R.K. Singh, 
and P.K. Yadav. 2015. Haematobiochemical and 
oxidative status of buffaloes naturally infected with 
Trypanosoma evansi, Vet. Parasitol. 212:118-122. 

Riaz, M.T., W. Ahmad, K. Mehmood, T. Rehman, A. Abbas, 
M.M. Salam, J. Shafi, and Z. Hussain. 2019. Case report: 
Babesiosis in captive Chinkara deer (Gazella bennettii) 
at Bahawalpur, Pakistan.  Asian. J. Agric. Biol. 7:307-
310. 

Sivajothi, S., and B.S. Reddy. 2017.  Antioxidant Status and 
Electrocardiographic changes in Buffaloes with 
Trypanosoma evansi infection. Chem. Sci. Rev. Lett. 
6:2573-2576.   

Soylu, E. 2013. Metazoan parasites of perch Percafluviatilis 
L. from Lake Sığırcı, Ipsala, Turkey. Pak. J. Zool. 45:47-
52. 

Spears, J.W., and W.P. Weiss. 2008. Role of antioxidants and 
trace elements in health and immunity of transition dairy 
cows. Vet. J. 176:70-76. 

Sumbria, D., L. Singla, A. Sharma, M. Bal, and S. Kumar. 
2015. Multiplex PCR for detection 
of Trypanosomaevansi and Theileriaequi in equids of 
Punjab, India, Vet. Parasitol. 211:293-299. 

Sumbria, D., L. Singla, R. Kumar, M. Bal, and P. Kaur. 2017. 
Comparative seroprevalenceandrisk factor analysis of 
Trypanosomaevansi infection in equines from different 
agro-climatic zones of Punjab (India), Revue Sci. Tech. 
Off. Int. Epizoot. 36:971-979. 

Tehseen, S., N. Jahan, M.F. Qamar, M. Desquesnes, M.I. 
Shahzad, S. Deborggraeve, and P. Büscher. 2015. 
Parasitological, serological and molecular survey of 
Trypanosoma evansi infection in dromedary camels from 
Cholistan Desert, Pakistan. Parasit. Vectors. 8:415. 

Truc, P., W. Gibson, and S. Herder. 2007. Genetic 
characterization of Trypanosoma evansi isolated from a 
patient in India. Infect. Genet. Evol. 7:305-307. 

Yadav, S.C., R. Kumar, S. Kumar, U. Tatu, R.K. Singh, and 
A.K. Gupta. 2011. Identification and characterization of 
cysteine proteinases of Trypanosoma evansi. Parasitol. 
Res. 109:559-565.  

Zafar, A., M.K. Khan, Z.U.D. Sindhu, R.Z. Abbas, S. 
Masood, Z. Abbas, M.S. Mahmood, M.K. Saleemi, J.A. 
Khan, R. Hussain, M.U. Naseer, Z. Iqbal, and H. Javed. 
2019. Seroprevalence of Fasciola hepatica in small 
ruminants of District Chakwal, Punjab, Pakistan. Pak. 
Vet. J. 39:96-100. 

 
[Received 5 Nov 2020; Accepted 15 Feb 2021; Published 

(online) 18 April 2021]

 
 


