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ABSTRACT 

Little is known about the prevalence of subclinical Trypanosoma evansi (T. evansi) infection and its effects 

on hematological and serum biochemical parameters in relation to different periods of breeding season in dromedary 

camels. Out of two hundred males during of breeding season, a total of 26 (13%) of microscopically positive 

flagellated protozoan and 27 (15.5%) of card agglutination test (CATT) positive trypanosomiasis were considered 

as sub clinically infected animals. The results revealed some decreased measured values related to erythrocyte in the 

periods of breeding season of infected animals. The leukogram results showed significant increase in total leukocytic 

count (TLC) and lymphocyte % in infected group comparing with non-infected group during periods of breeding 

season. Monocyte% and neutrophil% were significantly lower while, eosinophil % showed increase (P<0.01) in 

infected camels in initial and mid breeding season. Results showed decrease in total proteins (P<0.05) and albumin 

(P<0.01) during mid-breeding while increased values (P<0.05) of globulin level in initial breeding period were 

recorded in infected animals. Triglyceride and total cholesterol significantly increased in T. evansi infected camels 

in mid and late breeding periods. Increased levels of alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), creatinine kinase (CK) and total bilirubin were recorded (P<0.01) in infected camels in the different breeding 

periods. However, alkaline phosphatase (ALP) level was significantly decreased (P<0.01). The present study 

concluded that subclinical infection of camels with T. evansi can affect some hematological and biochemical 

parameters related to liver, kidney, hematopoiesis and immune status during late period of breeding season.  
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1. INTRODUCTION 

Trypanosomes are blood and tissue parasites of order Kinetoplastida and family Trypanosomatidae which 

are found in different mammals including humans (Coura and Borges-Pereira, 2010; Dyary, 2014). Trypanosomiasis 

in camels is a vital disease, widely distributed all over the world in tropical and sub-tropical areas. It is characterized 

by high mortality and morbidity and also anemia which have been considered as a consistent finding in infected 

animals (Dyary, 2014). A protozoan parasite T. evansi is the causative agent of trypanosomiasis in camels which 

called (surra) (Sazmand, 2011) which considered the most widely spread endemic protozon disease of camels and 

different domestic animals throughout the world (Elhaig, 2013; Shahid, 2013). This parasite affects various species 

of wild and domestic animals in Latin America, Africa and Asia (Ismael, 2014). In Middle East and Africa, camels 

are the most often affected (Sow, 2014). However, in Egypt T. evansi is an endemic disease of camels and other 

domestic animals (Elhaig, 2013). T. evansi has the ability to periodically change the variable surface glycoprotein 

(VSG), producing deteriorations of parasitaemia (Herrera, 2004). More advanced antibody detection assays for T. 

evansi been performed in various studies on camel trypanosomiasis such as the card agglutination test (CATT/T. 

evansi), the immune trypanolysis (TL) assay, the ELISA/VSG RoTat 1.2 assay have (Tehseen, 2015). 

Trypanosoma, are mainly transmitted mechanically to animals by some arthropod blood–sucking flies 

(Tabanus, Stomoxys and Liperosia) in which they undergo a biological cycle (Reid, 2002). T. evansi multiplies in 

the blood and body fluid that both acute and chronic forms of the disease may develop, but commonly the chronic 

form is more prevalent in which the mortality reach up to 90% (Gutierrez, 2005). Infection with T. evansi induced 

anemia, fever, depression, dullness, weakness, nervous symptoms (Padmaja, 2012; Narnaware, 2016). In addition, 

T. evansi infection was responsible for a diverse range of symptoms in the susceptible mammalian hosts including 

generalized oedema, spleenomegally, liver, renal hypertrophy (Cadioli, 2006) and weight loss in case of no treatment 

causing major economic loss in infected camels in terms of poor production (Derakhshanfar, 2010). T. evansi could 

cross the placental barrier in pregnant camels causing some pathological events in the fetus that lead to abortion 

(Narnaware, 2016). Several changes in the cellular and biochemical constituents of blood may be produced due to 

the presence of these invading parasites in the blood (Sivajothi, 2015).  

Despite the importance and worldwide distribution of T. evansi, very little is known about its subclinical 

prevalence during breeding season in Egypt. As well as, blood and serum biochemical parameters are known as 

essential indicators of health status in animals, the present study was designed to investigate these alterations in sub-

clinically infected dromedary camels with T. evansi associated with breeding season in Egypt. 
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2. MATERIAL AND METHODS 

Samples collection:  A total of 200 apparently healthy one–humped male camels of 4- 10 years old were randomly 

selected at the Warak slaughter house, Giza Governorate, Egypt. Two blood samples were collected from each camel 

immediately after slaughter during the period of breeding season (from November 2014 to April 2015). Breeding 

season was divided into three periods according to Abdalla (2011), with some modifications into initial breeding 

(November to December, 2014, n= 57), mid breeding (January to March, 2015, n= 73) and from late breeding (April 

to May, 2015, n=70). One blood sample from each camel was collected into EDTA containing vacutainer tubes for 

hematological study and to prepare thin blood smear for parasitological examination and differential leukocytic 

count. The second blood was collected in plain tubes and allowed to clot for serum extraction by centrifugation at 

3000 rpm 10 minutes and stored at 200c for biochemical studies. 

Detection of T. evansi infection: Giemsa stained thin blood smears were prepared from each camel using glass 

slides to be examined microscopically for the presence of trypanosome in circulation based on standard procedures 

(Soulsby, 1982).  

T. evansi negative samples by parasitological examination method were subjected to serological diagnosis 

for detection of anti-T. evansi antibodies using Card agglutination test for trypanosomiasis CATT/T (Institute of 

Tropical Medicine, Laboratory of Serology, Antwerp, Belgium). Almost, 45 μl of the antigen were added onto the 

test card and mixed with 25 μl of the test sera diluted at (1:4) with PBS (PH 7.2) according to manufacturer’s 

instructions. The card was agitated for 5 min and positive reaction was confirmed on recording blue granular 

agglutinations (Bajyana Songa and Hamers, 1988).  

Hematological studies: Total erythrocytes and total leukocytes (TLC) were counted by Neubauer’s 

haemocytometer. The blood samples were analyzed for hemoglobin (Hb) determination by cyanomethemoglobin 

method according to Kuwahara (1974), Packed Cell Volume (PCV) determination was performed by 

microhematocrit method according to Schalm (1975). Erythrocyte sedimentation rate (ESR) was determined as 

Westergren’s method. The erythrocyte indices as Color index (CI), mean corpuscular volumes (MCV), mean 

corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentrations (MCHC) were estimated 

manually according to the method described by Tornquist (2010). Differential leukocytic count such as monocyte, 

lymphocyte, neutrophils and eosinophils were estimated as cross sectional method according to Ghaffar (2014). 

Biochemical studies: Different serum biochemical parameters were determined in the prepared serum. Briefly, Total 

protein was determined by coloremetric method (Biuret reagent) according to Cannon (1974), using SPECTRUM 

kits (BioMerieux, SA). Albumin globulin and albumin globulin (A/G) ratio was determined by Modified 

bromocresol green colorimetric method according to Doumas (1971) using SPECTRUM kits (BioMerieux, SA). 

Determination of lipogram biochemical values were performed by enzymatic colorimetric method (Zohreh, 2012) 

using a Linear Chemicals Kits to measure serum cholesterol and triglycerides. Various enzymes like alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), creatinine, total bilirubin and alkaline phosphatase 

(ALP) were determined by UV enzymatic colorimetric method according to the standardized method described by 

Winn-Deen (1988) using Linear Chemicals.S.L. kits. The colorimetric reaction was measured using 

spectrophotometer. 

Statistical analysis: Significance between data of hematological and serum biochemical parameters were analyzed 

by Student’s t-test at level P<0.05 according to Petrie and Watson (1999) using Statistical Package for Social Science 

(SPSS) for Windows version 15 computer program. 

3. RESULTS 

Parasitological examination and card agglutination test for trypanosomiasis (CATT): Table (1) showed animals 

profile analysis according to microscopical examination and CATT test. Results revealed that out of 200 total blood 

samples there were 26 (13%) were presumed to be positive for T. evansi flagellated protozoan parasite between 

RBCs. However, 174 (87%) blood smears were considered negative (Fig.1). 

Table.1. Number and percentage of trypanosoma infected camels according to  

microscopical examination and CATT test 

Total blood 

samples 

No. of microscopically 

examined +ve samples 

No. of +ve 

CATT test 

CATT test grade Total 

subclinical 

infection 

Grad 1 

(+) 

Grade 2 

(++) 

Grade 3 

(+++) 

200 27 (15.5%) 26 (13%) 22 (81.5%) 3 (11.1%) 2 (7.4%) 53 (25.6%) 
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Figure.1. Smear from infected blood of camel. Yellow arrows show trypanosoma evansi between RBCs 

detected by Giemsa stained blood technique. Black arrows show pale RBCs (x 1000) 

As showed in table.1, CATT test recorded that out of 174 examined camels there were 27 (15.5%) were 

found to be seropositive to T. evansi. The seropositive camels rate was shown at three grades according to anti-

trypanosoma antibody titers; grade 1 (+), grade 2 (++) and grade 3 (+++). Most seropositive sera were observed at 

grade 1 (22; 81.5%). However, grade 2 was shown in a relatively low rate (3; 11.1%). The lowest rate (2; 7.4%) was 

detected at grade 3. The total number of both positive trypanosomiasis according to microscopically and serologically 

examined 200 animals was 53 that represent 26.5% (P<0.05). 

 
Figure.2. Reaction VAT Rotat 1/2 antigen with anti-Trypanosoma evansi antibodies in serum of camels. 

Black Arrow indicates negative results. Pink Arrow indicates positive results Grade +1. Green Arrow 

indicates positive results Grade +2. Red Arrow indicates positive results Grade +3 

Hematological studies:  As shown in table 2 results of haematological profile showed significant decrease in RBcs 

count, Hb concentration, PCV, MCV whereas ESR showed significant increase (P<0.01) in T. evansi infected than 

non-infected camels in initial, mild and late breeding. In addition, CI showed significant increase (P<0.01) in late 

breeding in T. evansi sub-clinically infected group as compared with non-infected group.  

Table.2. Hematological parameters of T. evansi sub-clinically infected and  

non–infected dromedary camels (Mean±SE) 

Parameters Control camels Trypanosoma infected camels 

Initial 

breeding 

Mid 

breeding 

Late 

breeding 

Initial 

breeding 

Mid 

breeding 

Late 

breeding 

RBCs count 

(106/cm3) 
9.410.65 10.270.44 10.500.23  7.520.35* 7.600.24** 6.311.39* 

Hb (gm/dl) 14.260.83  16.030.67  14.810.85  10.530.32A** 11.991.29 a** 8.760.47 aA** 

PCV % 29.410.32  28.760.56  30.120.27  21.381.31** 22.530.85** 23.220.66** 

ESR (mm/h) 0.870.05  0.940.05  0.940.03  1.600.17** 1.500.16** 1.530.13** 

CI 0.570.09 0.560.04 0.510.02 0.630.04 0.530.03 a 0.740.06 a** 

MCV (fl) 39.110.71  38.202.43  39.452.59  28.802.20** 25.801.67** 27.401.33** 

MCH (pg) 7.801.24 8.801.07 9.141.42 7.600.93 10.201.03 10.672.30 

MCHC 

(gm/dl) 
38.271.23 38.801.75 40.551.31 39.801.16 40.001.73 43.601.91 

  *and ** values in Trypanosoma infected group are significantly different than their corresponding in the 

non-infected group at P<0.05 and P<0.01 respectively. 

In the same row values with the same small or capital letters are significantly different at P<0.05 and P<0.01 

respectively. 

Comparing the haematological changes in T. evansi infected group within the different breeding season 

periods, it was revealed that a significant reduction in Hb concentration in late breeding than that in initial and mid 

breeding. However, CI significantly higher in late breeding than mid breeding period (table.2). MCH and MCHC 

did not show any significant difference neither in infected group nor within different breeding season periods. 

Mean (±SE) values of leucocytic picture of T. evansi infected and non–infected dromedary camels were 

presented in table 3. The results of leucogram showed significant increase TLC and lymphocytes in infected group 
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comparing with non-infected group during initial, mid and late breeding season. Monocyte% and neutrophil% were 

significantly lower in infected camel in initial and mid breeding season than their corresponding in non-infected 

group. However, acidophil % of infected camels showed significant increase (P<0.01). 

The difference in the mean values in infected camels among the different periods of breeding showed 

significant decrease (P<0.01) in lymphocyte% in initial than mid and late breeding whereas, value of acidophil% 

was significantly lower in late breeding than that in initial (P<0.01) and mid (P<0.05) breeding (table.3). 

Table.3. Leukocytic picture of T. evansi sub-clinically infected and non–infected dromedary camels 

(Mean±SE) 

Parameters Control camels Trypanosoma infected camels 

Initial 

breeding 

Mid 

breeding 

Late 

breeding 

Initial 

breeding 

Mid 

breeding 

Late 

breeding 

Total leukocytic 

count (103/mm3) 
25.081.10  20.781.71  19.201.86  29.811.28* 32.152.52** 34.092.41** 

Lymphocyte % 40.202.01  43.601.21  41.401.44  62.031.52AB** 69.091.14** 70.201.77B** 

Monocyte % 5.940.76 5.600.41  5.280.83 3.400.51* 2.800.37** 3.600.51 

Neutrophil % 44.200.74  41.420.93  41.231.10 36.602.06** 33.202.20** 37.401.29  

Eosinophil % 3.450.14  2.630.24  3.510.19 6.620.51A** 7.800.37 b** 4.331.29 Ab 

*and ** values in Trypanosoma infected group are significantly different than their corresponding in the 

non-infected group at P<0.05 and P<0.01 respectively. 

In the same row values with the same small or capital letters are significantly different at P<0.05 and P<0.01 

respectively. 

Biochemical studies: The mean (±SE) values of serum biochemical parameters of T. evansi sub-clinically infected 

dromedary camels and non–infected camels are presented in Table.4. It was found that total protein significantly 

decreased (P<0.05) during mid breeding in infected than non-infected camels. Albumin concentration of T. evansi 

infected camels was significantly lower (P<0.01) in mid and late breeding than their corresponding in the non-

infected groups. However, globulin level was significantly higher (P<0.05) in infected camels than non-infected 

camels in initial breeding period. While A/G ratio showed significant increase in infected camels than non-infected 

(P<0.01) in all breeding periods. Results of lipid profile showed significant increase in T. evansi infected camels in 

both triglyceride and total cholesterol levels than non-infected (P<0.05) in mid and late breeding periods.  

Table.4. Serum biochemical parameters of T. evansi sub-clinically infected and  

non–infected dromedary camels (Mean±SE) 

Parameters Control camels Trypanosoma infected camels 

Initial 

breeding 

Mid 

breeding 

Late 

breeding 

Initial 

breeding 

Mid 

breeding 

Late 

breeding 

Total Protein 

(gm%) 
6.71 0.56 7.390.49 6.92 0.50 5.38 0.48 5.59 0.47* 4.94 0.46 

Albumin 

(gm%) 
3.74 0.26 3.49 0.26 3.78 0.28  3.170.12 ab 2.150.22 a** 2.580.19 b** 

Globulin 

(gm %) 
3.010.25 3.300.21 3.540.27 3.870.19* 2.950.34 3.16 0.42  

 

Albumin 

globulin ratio 
1.07 0.01 

 

1.06 0.02 1.110.01 1.680.14 a** 1.570.07A** 

 

1.260.03 aA** 

 

Triglyceride 

(mg %) 
45.712.28  51.953.44 

 

50.481.45  40.761.77 AB 61.671.96A* 67.963.32B** 

Cholesterol 

(mg %) 
52.668.45 52.61 2.73 44.504.11 53.321.25A 63.981.49A** 59.793.05* 

ALT/GPT  

(U/L) 
26.690.82 24.741.55 27.960.48 27.642.73a 41.094.40 a** 35.123.40 

AST/GOT  

(U/L) 
118.444.25 129.833.58 161.845.63 156.1410.87A** 202.726.66A** 179.9511.30 

Creatinine 

kinase (U/L) 
112.71 3.37 102.346.63 130.293.45 292.6338.36** 263.0420.61** 210.3719.28** 

Bilirubin 

(mg/dl) 
0.450.09 0.560.09 0.510.12 2.150.30AB** 0.800.08A** 0.980.06B** 

ALP 

(U%) 
31.484.69 37.101.81 52.612.45 20.711.76 16.842.25**  23.492.29** 
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*and ** values in trypanosoma infected group are significantly different than their corresponding in the non-

infected group at P<0.05 and P<0.01 respectively. In the same row values with the same small or capital letters are 

significantly different at P<0.05 and P<0.01 respectively. 

Comparing with non-infected camels, the results of liver enzymes activity of infected camels showed 

significant elevation in the level of ALT (P<0.01) in mid breeding, AST in initial and mid breeding season and 

Creatinine kinase and total bilirubin (P<0.01) in all breeding periods. However, ALP level was significantly 

decreased (P<0.01) in infected than non-infected camels. 

Concerning the impact of the breeding periods on the changes of serum biochemical parameters in 

trypanosoma infected camels, it was seen that albumin recoded significant increase in initial breeding than mid and 

late breeding while A/G ratio showed significant decrease in late breeding than in initial and mid breeding. In 

addition, triglycerides level increased in mid and late breeding than that in initial while cholesterol showed significant 

increase in mid breeding than that in initial period. A significant elevation was seen in the levels of ALT (P<0.05) 

and AST (P0.01) in mid breeding season than initial breeding whereas total bilirubin level was significantly higher 

(P<0.01) in initial breeding than both mid and late breeding seasons (table 4). 

DISCUSSION  
In this study, 26 (13%) were presumed to be positive for T. evansi flagellated protozoan parasite by 

microscopical examination. However, 27 (15.5%) were found to be sub-clinically infected by CATT test. These 

results might indicate that antibodies to T. evansi could persist even after the elimination of the parasite from the 

circulation (Tehseen, 2015). Most seropositive sera were observed at grade 1(+) (81.5%; 22/27) which might be due 

to the differences in the immune system between the examined camels, weakness of immune reaction due to 

serological latency which usually accompanies the chronic phase of infection (Wernery, 2001), host susceptibility to 

infection (Herrera, 2004). The total number of positive trypanosomiasis according to microscopically and 

serologically examined animals was 53 that represented 26.5% (P<0.05). However, this percent was considered high 

as recorded previously (Hussain, 2016). Camel surra disease is one of the most important diseases in camels which 

causes many economic losses. Anemia and leukocytosis are common features of trypanosomiasis in camels (Hussain, 

2016). 

The lower haematological values of RBCs, Hb concentration, PCV% were considered as indication for 

anemia as reported previously in the study of Padmaja (2012) and Eyob and Matios (2013). The lower PCV % and 

RBCs count values in the sub-clinically infected camels in this study, were consisted with previous results of 

Argungu, (2014) and Hussain, (2016) using camels infected with T. evansi in Sokoto and Pakistan respectively. 

Reduction in MCV values considered as indicator for erythrophagocytosis (Derakhshanfar, 2010). The mechanism 

of this anemia might be produced due to the mechanical damage of erythrocyte as a result of the severe action of the 

strong locomotor flagella and microtubules of the millions of T. evansi during parasitaemia (Vickerman and Tetley, 

1978). It was also reported by Kramer (2000) that the severe anemia was due to erythrogenesis depression which 

might be a result of chronic liver inflammation. In addition, there was a strong correlation between the level of 

infestation and the values of RBCs numbers, PCV% and Hb concentration (Egbu, 2013).  

Leukocytosis might be a result of increased mononuclear phagocytic system activity during trypanosomiasis 

(Ahmadi-hamedani, 2014). In this study, a significant elevation in the mean values of TLC and lymphocytes in 

trypanosoma infected camels comparing to non-infected during initial, mid and late breeding season. This finding 

was similar to the results recorded in different areas by Eyob and Matios (2013) and Hussain, (2016). This increase 

in TLC was in agreement with previous work of Argungu, (2014) that attributed the increase to the elevation of cell 

mediated response to fight the infection. 

It was observed that monocyte% and neutrophil% were significantly declined while, acidophil % increased 

(P<0.01) in infected camels in initial and mid breeding season compared to non-infected camels. Eosinophilia could 

be also occurred as a result of specific parasitic disease and allergic reaction (Al-Ani, 2004). As well as, several 

changes in metabolic system of the host might be changed by trypanosome infection and these changes associated 

with the severity of parasitaemia specially, in initial phase of the disease and beside tissues and organs injury (Kwem, 

2000). 

The physiological responses of animals were also affected by the seasonal changes specially in the thermal 

environment. Generally, the haematological profile could be considered as one of the important indicators of 

determining the physiological changes and the adaptation of animals to the environment (Kumar and Pachaura, 

2000). In recent years, a considerable number of researches has been carried out the hematological and biochemical 

parameters of camels but few papers study the effect breeding season change and its effect on the hematological and 

biochemical values in camels (Salem, 2012). This study revealed the changes during the initial, mid and late breeding 

season periods in T. evansi infected camels. A significant reduction in Hb concentration was observed in late breeding 

period. However, CI significantly higher in late breeding than mid breeding period. As well as, significant increase 
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was seen in lymphocyte values during mid and late breeding periods than in initial period of breeding season. 

Whereas, value of acidophil% was significantly higher in initial and mid breeding periods than during late breeding. 

This results come in agree with the findings of El-Bahrawy and El-Hassanein (2011) and Salem (2012) who reported 

that Hb value decreased while TLC and lymphocytes values increased during rutting (winter season) than the pre-

rut season and post-rut (late spring).  

Determination of the functional status of various organs was investigated by serum biochemical analysis. In 

this study, the mean values of serum total protein and albumin were significantly lower in T. evansi sub-clinically 

infected dromedary camels. However, globulin level and A/G ratio of infected camels were significantly higher. 

These results have been recorded previously by Hussain, (2014) and could be due to hepatic degeneration and 

damages accompanying with hypoxia (Enwezor and Sacky, 2005) or might be due to parasite antigen (Azza, 2008). 

The decline in total serum protein and albumin beside the increase in globulin might be due to stresses and also could 

be explained as a response to the parasitic antigen (Hilali, 2006). As well as, this hyperglobulinemia might be due to 

the stimulation of the immune system and production of immunoglobulins against infection (Singh and Jayprakasan, 

2001). Results of lipid profile in this study showed significant increase in both of triglyceride and total cholesterol 

in T. evansi infected camels comparing to non-infected camels in mid and late breeding. Hypertriglyceridemia and 

hypercholesterolemia were observed previously in several animals infected with various species of trypanosomes 

such as in T. brucei infection in rats (Igbokwe, 2009) and T. evansi in camels (Alireza, 2011). It was reported that 

infection with T. evansi in camel developed lipid metabolism abnormalities (Savino, 2003). Development of 

hypertriglyceridemia could be due to disturbed plasma triglyceride degradation that possibly cause free fatty acid 

unavailable for importation into hepatocytes (Alireza, 2011). In this study, a significant elevation of different hepatic 

enzymes activity such as ALT during mid breeding season and AST in initial and mid breeding periods were also 

recorded in T. evansi infected camels. However, ALP activity was significantly decreased in infected camels. Our 

findings were in accordance with the study of Seleim, (2003). This elevation in ALT and AST activities might be 

attributed to hepatic toxicosis (Seleim, 2003).  As well as, Kwem, (2000) reported that AST elevated activity in 

trypanosoma experimentally infected cattle could be because the parasites secreted it as a part of their metabolites 

into blood circulation, as ALT and AST have been detected in homogenates and suspensions of trypanosome. This 

elevation in AST and ALT activity could be also attributed to the cellular damage caused by the trypanosomes lysis 

or host destruction of trypanosomes respectively (Enwezor and Sacky, 2005). Creatinine kinase and total bilirubin 

concentrations were significantly higher in infected camels compared to non-infected camels in the different breeding 

periods. Kidney affection also reported by Azza (2008) and manifested by increase of creatinine kinase and these 

may be attributed to acidosis or primary renal insufficient caused by decreased renal blood flow (Seleim, 2003).  

Concerning the impact of the breeding periods on the changes of serum biochemical parameters in 

trypanosoma infected camels, it was seen that albumin recoded significant increase in initial breeding than mid and 

late breeding while A/G ratio showed significant decrease in late breeding. Similar results were recorded previously 

by (Ahmadi-hamedani, 2014) where albumin and globulin concentrations were higher during hot-humid months than 

hot-dry months or breeding season. These results suggested the camels have a great ability to adapt to heat stress. 

On the other hand, Amin, (2007) showed that the serum level of globulin increased significantly during the dry 

season than in the green season of one-humped camels. In addition, triglycerides level increased in mid and late 

breeding than that in initial while cholesterol showed significant increase in mid breeding period than in initial 

breeding period. These results are in agreement with those reported by Salem (2012) as cholesterol values increased 

during rutting (winter season) than the pre-rut season and post-rut (late spring) (Salem, 2012). In addition, it was 

found that the cholesterol concentration of the dromedary camels during breeding was significantly higher than non-

breeding season in the hot-dry or hot-humid months. This seasonal variation in serum cholesterol concentration may 

be attributed to the type of feed and environmental temperature during different seasons. During breeding season 

(winter) the green fodder was berseem since berseem is a rich source of steroids Zeidan, (2008). Serum ALT and 

AST enzymes activities of the male dromedary camels were higher during mid breeding season than initial breeding 

whereas total bilirubin level was significantly higher in initial breeding than both mid and late breeding seasons. 

Exposure to high heat load may result in oxidative stress and cellular damage, and consequently may lead to hepatic 

dysfunction when coupled with dehydration. This may lead to elevation of ALT and AST activities (Gaughan, 2011). 

4. CONCLUSION 

Results of the present study revealed unexpected high prevalence of subclinical trypanosomiasis (26.5%) in 

male camels associated with breeding season. Our study supports the using of antibody detection test rather than 

microscopical detection of flagellated protozoon. Finally, the present study concluded that hematology and 

biochemical parameters related to liver, kidney, hematopoiesis and immune status can be altered by subclinical 

infection with T. evansi in camels mainly during late period of breeding season. It is clearly that further studies are 
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needed in order to investigate the impact and pathogenesis in camel subclinical trypanosomiasis on a wide range in 

Egypt. 

REFERENCES 

Abdalla E.B, Zeidan A.E.B, Abd El-Salaam A.M and Maiada W.A, Thermoregulation and blood biochemical 

changes in male Dromedary camel during hot-humid and hot-dray environments under Egyptian condition. J. Camel 

Practice and Research, 18 (2), 2011, 297-304.  

Ahmadi-hamedani M, Khosro G. and Mohammad M.D. Hematological and serum biochemical aspects associated 

with a camel (Camelus dromedarius) naturally infected by Trypanosoma evansi with severe parasitemia in Semnan, 

Iran. Asian. Pac. J. Trop. Biomed, 4 (9), 2014, 743-745. 

Al-Ani F.K, Camel Management and Diseases, 1st Ed, Al-Shraq Printing Press & Dar Ammar Book Publishing, 

Amman, Jordan, 2004. 

Alireza S, Aria R, Mohammad N, Hosein H and Seyedhossein H, Serobiochemical Alterations in Subclinically 

Affected Dromedary Camels with Trypanosoma evansi in Iran. Pak. Vet. J, 31 (3), 2011, 223-226.   

Amin A.S, Abdoun K.A and Abdelatif A.M, Seasonal variation in blood constituents of one- humped camel 

(Camelus dromedarius), Pak. J. Biolog. Sci, 10 (8), 2007, 1250-1256. 

Argungu S.Y, Bala A.Y and Umar A.A, Haematological alterations associated with T. Evansi load in naturally 

infected camels in Sokoto. J. Zoolog. Biosci, 1 (4), 2014, 18-21. 

Azza M.K, Some Biochemical, Hematological and Clinical Studies of Selected Ruminal and Blood Constituents in 

Camels Affected by Various Diseases. Res. J. Vet. Sci, 1 (1), 2008, 16-27. 

Bajyana S.E and Hamers R, A card agglutination test (CAT) for use based on early Vat RoTat 1/2 of Trypanosoma 

evansi. Ann. Soc. Belge Med. Trop, 68, 1988, 233-340.  

Cadioli F.A, Marques L.C, Machado R.Z, Alessi A.C, Aquino L.P.C.T and Barnabe P.A, The Arquivo Brasileiro de 

Medicina Veterinária e Zootecnia. Brazilian J. Vet. Anim. Sci, 58 (5), 2006, 749-756.  

Cannon D.C, Olitzky I and Inkpen J.A, In clinical chemistry principles and techniques of determination of total 

protein. 2nd edn. Harper and Rowpubl, London, England, 1974.  

Coura J.R and Borges-Pereira J. Chagas disease, 100 years after its discovery, A systemic review. Acta Trop, 115, 

2010, 5–13.  

Derakhshanfar A, Mozaffari A and Mohaghegh Z.A, An outbreak of trypanosomiasis (Surra) in camels in the 

southern fars province of Iran, Clinical, Hemtological and pathological findings. Reas. J. Parasitol, 5 (1), 2010,         

23-26. 

Doumas B, Watson W and Biggs M, Albumin standards and the measurement of serum albumin with bromocresyl 

green. Clin. Chim. Acta, 31, 1971, 87-96. 

Dyary H.O, Arif A.H, Sharma R.S.K and Rasedee A, Antitrypanosomal and cytotoxic activities of selected medicinal 

plants and effect of Cordylineterminalis on trypanosomal nuclear and kinetoplast replication. Pak.Vet. J, 34, 2014, 

444-448.  

Egbu F.M.I, Ubachukwu P.O. and Okoye I.C. Acad. J, 12 (15), 2013, 1828-1835.  

El-Bahrawy K.A and El Hassanein E.E, Seasonal Variations of Some Blood and Seminal Plasma Biochemical 

Parameters of Male Dromedary Camels. American- Eurasian J. Agric. Environ. Sci, 10 (3), 2011, 354-360.  

Elhaig M.M, Youssef A.I and El-Gayar A.K, Molecular and parasitological detection of trypanosomaevansi in 

camels in Ismailia, Egypt. Vet. Parasitol, 198, 2013, 214-218.  

Enwezor F.N.C and Sackey A.K.B, Camel trypanosomosis – a review. Vet. Arh, 75, 2005, 439-452.  

Eyob E, and Matios L, Review on camel trypanosomosis (Surra) due to Trypanosoma evansi, Epidemiology and host 

response. J. Vet. Med. Anim. Hlth, 5, 2013, 334-343.  

Gaughan J.B. Which physiological adaptation allows camels to tolerate high heat load – and what more can we learn? 

J. Camelid Sci, 4, 2011, 85–88. 

Ghaffar A, Ashraf S, Hussain R, Hussain T, Shafique M, Noreen S. and Aslam S, Clinicohematological disparities 

induced by triazophos (organophosphate) in Japanese quail. Pak. Vet. J, 34, 2014, 257-259. 



ISSN: 0974-2115 
www.jchps.com                                                                          Journal of Chemical and Pharmaceutical Sciences 

July - September 2017 1336 JCPS Volume 10 Issue 3 

Gutierrez C, Corbera J.A, Juste M.C, Doreste F. and Morales I, An outbreak of abortions and high neonatal mortality 

associated with Trypanosoma evansi infection in dromedary camels in the Canary Islands. Vet. Parasitol, 30, 2005, 

163–168.  

Herrera H.M, Dávila A.M.R, Norek A, Abreu U.G, Souza S.S, D’Andrea O.S. and Jansen A.M. Enzootiology of 

Trypanosoma evansi in Pantanal, Brazil. Vet. Parasitol, 125 (2), 2004, 263-275.  

Hilali M, Abdel-Gavad A, Nassar A. and Abdel-Wahab A. Hematological and biochemical changes in water buffalo 

calves (Bubalus bubalis) infected with Trypanosoma evansi. Vet. Parasitol, 139, 2006, 237-243. 

Hussain R, Ahrar K, Rao Zahid A, Abdul Ghaffar, Ghulam A, Tuseef ur R. and Farah A. Clinico-Hematological and 

Biochemical Studies on Naturally Infected Camels with Trypanosomiasis. Pak. J. Zool, 48 (2), 2016, 311-316. 

Hussain R, Khan A, Mahmood F, Rehan S and Ali F, Clinicohematological and tissue changes induced by butachlor 

in male Japanese quail (Coturnix japonica). Pestic. Biochem. Physiol, 109, 2014, 58–63.  

Igbokwe I.O, Buratai LB, Ubah U.L, Aromnde A. and Igbokwe N.A. Serum and hepatic lipid levels in rats infected 

with Trypanosoma brucei. Comp. Clin. Pathol, 18, 2009, 191–195.  

Ismael A.B, Swelum A.A, Khalaf A.F and Abouheif M.A, Clinical, haematological and biochemical alterations 

associated with an outbreak of theileriosis in dromedaries (Camelus dromedarius) in Saudi Arabia. Pak. Vet. J,          

34, 2014, 209-213.  

Kramer J.W. Normal hematology of cattle, sheep and goats. In, Feldman BF, Zinkl JG and Jain NC (Eds) Schalm’s 

Veterinary Haematology, 5th ed. Lippincott Williams and Wilkins, Philadelphia, 2000, 1075-1084.  

Kumar B. and Pauchaura S.P Haematological profile of crossbred dairy cattle to monitor herd health status at medium 

elevation in central Himalayas. Res. Vet. Sci, 69, 2000, 141-145.  

Kuwahara S.S, Effect of anticoagulants upon the cyanomethemoglobin method for hemoglobin assay. Clin. Bioch, 

9, 1974, 53-54. 

Kwem B.K, Erastus O.G, Daniel I.S, and King A.N.E. Serum biochemical values of Trypanosoma vivax-infected 

cattle and the effects of lactose in saline infusion. Vet. ARHIV, 70 (2), 2000, 67-74. 

Narnaware S.D, Ghorui S.K, Kumar S and Patil N.V. Vertical transmission of Trypanosoma evansi 

in dromedary camels and studies on fetal pathology, diagnosis and treatment. Acta Parasitol., 61 (2), 2016, 329-36.  

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

Petrie A and Watson P, Statistics for Veterinary and Animal Science. 1st ed, The Blackwell Sci. Ltd, U.K, 1999,      

90–99. 

Reid S.A, Trypanosoma evansi control and containment in Australasia, Trends Parasitol, 18, 2002, 219-224.  

Salem M, El-Sayed A, Fayed A. and Abo El-Hassan D.G. Subclinical infection of paratuberculosis among camels 

in Egypt. J. Am. Sci, 8, 2012, 1141-1147.  

Savino B, Eli katunguka R. and Rubaire-Akiiki C.M, Somebiochemical changes in experimental trypanosoma 

congolense and trypanosoma brucei infection in small east Africa goats. Vet. ARHIV, 73 (3), 2003, 167-180. 

Sazmand A, Rasooli A, Nouri M, Hamidinejat H. and Hekmatimoghaddam S. Serobiochemical alterations in 

subclinically affected dromedary camels with Trypanosoma evansi in Iran. Pak. Vet. J, 31 (3), 2011, 223-226. 

Schalm O.W, Jain N.C and Caroll E.J, Textbook of Veterinary Haematology, and Edition, Published by Lea and 

Febiger, Philadelphia, 1975, 129-250.  

Seleim R.S, Tos A, Mohamed S.R, Nada H.S. and Gobran R.A. Elisa and other tests in the diagnosis of pasteurella 

multocida infection in camels. Proceedings of the International Conference on Agriculture Research for 

Development, Oct, 2003, 8-10. 

Shahid M, Janjua S, Abbas F.I. and Burbach J.S, PCR-based detection of Trypanosoma evansi infection in semi-

captive Asiatic black bears (Ursusthibetanus). Pak. Vet. J, 33, 2013, 442-445.  

Singh R. and Jayprakasan V. Use of different antigenic preparations of Pasteurella multocida in enzyme immuno 

assay. Indian Vet. J, 78, 2001, 379-381. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Narnaware%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=27078656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghorui%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=27078656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27078656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20NV%5BAuthor%5D&cauthor=true&cauthor_uid=27078656
https://www.ncbi.nlm.nih.gov/pubmed/27078656


ISSN: 0974-2115 
www.jchps.com                                                                          Journal of Chemical and Pharmaceutical Sciences 

July - September 2017 1337 JCPS Volume 10 Issue 3 

Sivajothi S, Rayulu V.C, Bhavanam S.R, Karumuri N.K. Trypanosoma evansi causes thyroxin imbalance with 

biochemical alterations in wistar rats. J. Adv. Vet. Anim. Res, 2 (2), 2015, 205-209. 

Soulsby E.J.L, Helminths, Arthropods and Protozoa of Domesticated Animals. 7th Ed, Bailliere Tindall, London, 

1982, 532-534.  

Sow A, Sidibé I, Kalandi M, Bathily A, Ndiaye N.P, Ouédraogo M, Biochemical changes induced by natural 

infection of trypanosomosis in Burkinabese local donkey breeds. Comp. Clin. Pathol, 23, 2014, 103-109.  

Tehseen S, Nusrat J, Muhammad F.Q, Marc D, Mirza I.S, Stijn D. and Philippe B. Parasitological, serological and 

molecular survey of Trypanosoma evansi infection in dromedary camels from Cholistan Desert, Pakistan. Paras. 

Vect, 8 (415), 2015, 1-11. 

Tornquist S. J. Hematologyof Camelids. In, Weiss DJ, WordropK J, editors. Schalm’s veterinary haematology. USA, 

Wiley-Blackwell Publishing Ltd., 2010, 910-917.  

Vickerman K and Tetley L, Biology and ultra-structure of trypanosomes in relation to pathogenesis. In, 

Pathogenecity of trypanosomes, Proceedings of a workshop, Nairobi, Kenya, 1978, 231- 31.  

Wernery U, Zachariah R, Mumford J.A. and Luckins T. Preliminary evaluation of diagnostic tests using horses 

experimentally infected with Trypanosoma evansi.  Vet. J, 161, 2001, 287-300.  

Winn-Deen E.S, David H, Sigler G. and Chavez R. Determination of total and pancreatic α-amylase in human serum 

with 2-chloro-4-nitrophenyl-α-d-maltotrioside as substrate. Clin Chem, 34, 1988, 2005.  

Zeidan AEB, Abd El-Salaam AM, El-Malky OM, Ahmadi EA, Sarhan MA, Doaa and Daader A.H. Biochemical and 

histological changes in the ovary of the dromedary camel during breeding and non-breeding seasons. Egypt. J. Bas. 

App. Physiol, 7, 2008, 287-308.  

Zohreh K, Parvaneh K, Solmaz C and Soheila K.N, Comparative study of serum lipid profile in chicken, ostrich, 

cattle, and sheep. Comp. Clin. Pathol, 21, 2012, 259–263. 

 


