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Abstract

Background: Bovine theileriosis in cattle is a disease caused by protozoan parasite known as Theileria annulata, transmitted by ticks of 
genus Hyalomma. More than 250 million domestic cattle have been estimated to be at risk. This disease leads to severe losses in production and 
reproduction of cattle. The present study is performed to investigate the effect of Theileriosis on serum hematological and biochemical profile of 
calves, as a supportive aid tool for diagnosis of the disease and to figure out any kind of symptomatic treatment to support animal health to reach 
complete recovery. 

Materials and Methods: 30 crossbred, 3 months age average Calves were purchased from Keynana company (White Nile state), prior to 
purchase they were tested for thieleriosis, blood samples were collected and screened by blood smear and confirmed by IFAT, and finally by PCR. 
Calves were moved to Khartoum state and allocated in a farm recorded positive theileriosis infections previously with noticeable presence of ticks. 
Samples collected in a period started from January to March 2016 depending on appearance of high body temperature (40ºC), enlargement of lymph 
nodes and any other sign or symptom related. Samples were tested as described before. 

Results: Positive samples showed pronounced reduction in Hb, PCV, and RBCs, WBCs count 10.1±0.75, 27.6±2.8, 6.0±2.3 and 2.7±1.2 
respectively. While the biochemical profile revealed significant low level of serum total protein, albumin and phosphorus. Whereas liver enzymes 
elevated significantly, ALT, AST, GGT 53.2±8.9, total bilirubin 4.6±0.08 and direct bilirubin 4.3±0.12. While creatinine, and glucose values, were not 
significantly different between pre and post infection. 

Conclusion: Hematological and biochemical profile of calves after theileriosis infection was tremendously influenced, so it could be a 
considerable tool for tentative diagnosis of tropical theileriosis (Figure 1).

Figure 1
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Corpuscular Hemoglobin; MCHC: Mean Corpuscular Hemoglobin Concentration; FID: Flame Ionization Detector; PCV: Packed Cell Volume
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Introduction
Tropical Thieleriosis is one of the most concerning Tick-Borne 

Diseases (TBD) of cattle prevailing in northern Sudan [1] The wide  
allocation of TBD throughout the world especially in tropical and  
sub-tropical district embrace Sudan [2]. Tropical theileriosis is 
caused by T. annulata and transmitted by Ixodid ticks of genus Hy-
alomma; after cyclical development in the vector [3]. The disease 
is highly endemic in some regions of Sudan, where it considered 
fatal in forgin and crossbred animals. The mortality in local breed 
animals is little or not exist at all; with almost no clinical signs or 
symptoms except in animals under environmental, nutritional or 
any other kind of stress [4]. Tropical theileriosis plays a crucial 
role in livestock production loss in Sudan; hence it considered as 
one of the most economically imposing diseases [5]. Sporozoite; 
is the form in which the theileria parasite introduced to the host 
body during the procedure of tick feeding. Straight entrance of the 
sporozoite into the leukocytes is then occur, where they get mature 
into macro schizont, the macro schizont evolve further into micro 
schizont and eventually into merozoites. These merozoites invade 
the RBCs and develop into piroplasm.

The cardinal symptoms shown by affected cattle are, high fever 
and lingering anemia because of the intraerythrocytic parasitism 
[6]. Other pivotal clinical symptoms include, weight loss, anorexia, 
petechial hemorrhage and general weakness [7]. Laboratory tests 
are vital auxiliary tools to evaluate the animal health condition. 
Sero-biochemical and hematological perversions is a prediction 
factors for evaluating the severity of the disease, helpful tool for 
diagnosis and reveal the prospect of disease prognosis [8,9]. Bio-
chemical analyses of blood serum are very useful to get an insight 
in the metabolic and health status of animals. During diagnostic 
procedure it is very useful to compare the values obtained from ill 
animals with normal values in healthy animals. The majority of bio-
chemical parameters in young animals differ from normal values 
for adults. These values are changing with the age [8]. The efficacy 
of specific organ’s function could be revealed throughout shedding 
a light on serum biochemical profile, serum biochemical profile val-
ues can reflect the prognosis of the disease, which eventually pro-
vide suitable therapeutic protocols towards most favorable clinical 
outcome [4].

Plasma biochemistry may be an indication of the severity of 
the infection, and a very good tool for diagnosis and evaluation of 
the therapy applied. Also, to understand the host-parasite relation-
ship at a molecular level and to describe the disease clearly, some 
biochemical parameters may be determined based on the above 
considerations [10]. The present study was designed to investigate 
the impact of the tropical theileriosis on some serum components 
associated with protein, and carbohydrate metabolism in calves 
naturally infected with T. annulata. 

Ethical Approve
The ethical approve document was obtained from Sudanese 

Veterinary Council, Khartoum-Sudan.

Materials and Methods

Animals, site and duration of trial

The experiment duration is 5 months; extended from Novem-
ber-2016 to March-2017. 30 male calves, crossbred, 3-6 months 
age were brought from keynana Company, which exists in the mid-
dle of Sudan- (White Nile state)-tick controlled area. Calves moved 
to eastern Khartoum state, and allocated in a farm with history re-
cords of theileriosis infection and mortality, tick manifestation was 
clearly noticeable in the farms. Claves were put under hay feeding 
with add libtium reach to water supply.

Samples collection

Prior to purchase blood samples were collected in plain and 
EDTA coated tubes. Samples screened for theileria using blood 
smear, then confirmed by IFAT and PCR, respectively to guarantee 
they are theileriosis free. Biochemical and hematological profile 
were determined as well. After appearance of clinical signs, blood 
samples were collected again, and the same tests mentioned above 
were done.

Hematology and serum analysis

Blood heamogram

Blood samples were collected from jugular vein using 5 ml dis-
posable syringe into clean dry bottles containing the disodium salt 
of ethylene diamine tetra acetic acid (EDTA) as anticoagulant for 
hematological samples; which were evaluated on the same day of 
collection. Blood was analyzed for hemoglobin (Hb) concentration, 
red blood cells count (RBCs), packed cell volume (PCV) and white 
blood cell count (WBCs), according to methods described by [11]. 
MCV, MCH and MCHC values were calculated according to equation 
described by

MCV=     PCV/ RBCs count.

MCH=     Hb/RBCs count.

MCHC=    Hb/PCV.

Biochemical profile

A commercially available kit (Biosystem Laboratory Products 
LTD, Spain) was used to measure different serum biochemical pa-
rameters, following the instructions of manufacturer.

Statistical analysis

The data thus generated were subjected to un-paired t-test to 
compare the difference of hematological and biochemical param-
eters at P≤0.05.

Results and Discussion
Twelve calves out of thirty were infected with theileriosis 

(prevalence percentage 40%), nine infected calves died with mor-
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tality rate (30%) (Figure 2). Infection with theileriosis caused sig-
nificant reduction (p≤0.05) of WBCs, RBCs, Hb, PCV, MCV and MCHC 
(Table 1), compared to the values recorded before infection. MCH, 
recorded pronounced elevation after infection. Serum biochemical 

profile showed significant low total protein, albumin, globulin, AST, 
ALT, GGT, D. Bilirubin, Glucose and Phosphorus in diseased animals 
(Figure 3). Creatinine, Urea and Calcium revealed no significant dif-
ferent values before and after infection (Table 2).

Figure 2: Prevalence and mortality incidence (%).

Table 1: Blood values parameters pre and post infection.

Group WBCs 103/µl
RBCs Hb PCV MCV MCH MCHC

106/µl g/dl % fl pg %

Pre infection n=30 7.3⋆±1.2 8.1⋆±2.3 16.2⋆±0.75 49.2⋆±2.8 38.7⋆±6.5 17.8⋆±2.8 34.6⋆±0.89

Post infection n=12 2.7±1.2 6.0±2.3 10.1±0.75 27.6±2.8 57.6 ±6.5 20.4±2.8 30.3±0.89

P-value 0.05 0.04 0.01 0.01 0.05 0.05 0.05

Data are means ±SE; values followed by different letters are significantly different at p≤0.05.

Figure 3: Average of serum T.P, Alb, G and G/A ratio pre and post infection g/l.
T P: Total Protein; Alb: Albumin; G: Globulin; G/Alb: Globulin/Albumin

Hematology results

The results obtained from hematologic investigation revealed 
significant reduction in RBCs, WBCs, Hb and PCV Values were 6.0 
x 106/µl, 2.7 x 106/µl, 10.1g/dl and 27.6% respectively (Table 1), 
this result are in accordance with reported previously by [12] in 
cattle infected with theileriosis. Imtiaz and his coworkers reported 
a similar result also (6). Alteration in RBCs picture could be due to 
destructive parasite’s influence on RBCs, or because of lytic effect of 
intra erythrocyte parasite [13], immune-mediated mechanism such 
as erythrophagocytosis might be responsible RBCs count reduc-
tion eventually. Anemia proposed to be resulted from removal of 
piroplasm from infected erythrocytes by macrophages. Oxygen free 
radicals could be another causative factor of anemia. An elevation 
of PCV values in infected animals [6]. MCV and MCHC followed the 
same trend and recorded significant low values in diseased animals 

compared to pre infection status. Currently the MCH values were 
significantly higher after infection occurred. These observations 
were recorded formerly by [14].

Serum biochemical profile results

liver enzymes

Serum ALT and AST, concentrations are indicators of liver func-
tion. ALT and AST, serum values were elevated significantly after in-
fection; values were 62.8 and 99.4IU/L respectively (Table 2). This 
elevation could be attributed to macular degeneration; as a result of 
prolonged recumbency due to theileriosis. Hepatic dysfunction may 
also be caused by the inflammatory status; which caused by trap-
ping the damaged infected RBCs, and lymphocytes. These findings 
are in agreement with [15]; who reported elevation of mentioned 
enzymes in cattle infected with tropical theileriosis. In regard to 
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GGT levels, our current result is contrary to some previous studies 
and in agreement with others; hence Ali and his coworker’s high 
serum level of GGT in infected cattle compared to healthy ones. Sim-
ilarly; this study showed significant elevation of serum GGT con-

centration too (Table 2), while Campbell and his team reported no 
significant different levels of the enzymes in serum of infected and 
healthy animals.

Table 2: Blood values parameters pre and post infection.

Parameter Pre infection n=30 Post infection n=12 P-value

AST IU/L 72.2b±8.5 99.4a±8.5 0.005

ALT IU/L 41.6b±8.9 62.8a±8.9 0.001

GGT IU/L 30.6b±8.5 53.2a±8.5 0.001

Total protein g/L 60.05a±6.9 51.9b±6.9 0.001

Albumin g/L 45.4a±3.9 40.8b±3.9 0.001

globulin g/L 14.9±3.7 12.1±3.7 0.09

Calcium mg/dl 8.69±1.6 7.6±1.6 0.1

Phosphorus mg/dl 7.3a±1.7 5.5b±1.7 0.004

Urea mg/dl 36.3±5.6 46.0±5.6 0.1

Total Bilirubin 
mg/dl 3.7b±0.08 4.6a±0.08 0.05

Direct Bilirubin 
mg/dl 3.8b±0.12 4.3a±0.12 0.005

Glucose mg/dl 101.3a±3.5 73.4b±3.5 0.01

Creatinine mg/dl 0.09b±0.04 0.19a±0.04 0.1

G/A 0.32±0.09 0.29±0.09 0.3

Data are means ±SE; values followed by different letters are significantly different at p≤0.05.

Total protein and Albumin

In the current study the observations about T.P, Alb and globu-
lin levels recorded a significant decrease in infected animals (51.9, 
40.8 and 12.1g/l respectively) in a comparison with pre infection 
values (60.5, 45.4 and 14.9 g/l), (Table 2). These findings are in line 
with reports of, Col and his team [12], and [6]. Who reported hypo-
proteinemia and hypo albuminemia. The reduction of serum pro-
tein level could be attributed to extra-vascular proteinaceous fluid 
in body cavities due to infected lymph nodes, resulting in edema 
[16].

The alteration of protein picture in animals after infection could 
be referred to decrease in protein synthesis as a consequence of an-
orexia and fever accompanied with theileria spp infection [17]. Two 
previous studies by Hassan [18], and Omer [19], reported that in-
fection by theileria parasite has harmful influence on hepatocytes; 
leading to disturbed hepatic function such as decrease in albumin 
synthesis accompanied with increase in albumin catabolism.

Bilirubin

The present study reported significant raise of serum bilirubin 
levels after infection 4.6 mg/dl (Table 2), this might be due to in-
creased destruction of parasitized RBCs by erythro phagocytosis in 
spleen, lymph nodes and other organs of reticuloenothelial system, 
or it might be caused by hepatic dysfunction and hemolytic ane-
mia. These findings are in accordance with Imtiaz [6]and Jozica and 
Martina [8].

Glucose

Our present result revealed a significant decrease of serum 
glucose level after infection 73.4 mg/dl; (Table 2); this result could 
be justified by proposing utilization of glucose by theileria parasite 
[20]. Continuous fever and metabolic disturbance could be reasons 
behind that glucose reduction after infection [12].

Calcium and phosphorus

Though serum calcium level was lower after infection occurred 
(7.6 mg/dl), but the difference was not significant compared to 
pre infection levels (Table 2). This result disagrees with the find-
ings of Imtiaz, who reported significant decrease in calcium con-
centrations in crossbred cattle infected with bovine theileriosis. On 
the other hand, our findings showed significant decrease of serum 
phosphorus level post infection (5.5 mg/dl); this could be due to 
diarrhea or renal wasting. The current finding is in line with obser-
vations reported by Mahmoud H [21], and Imtiaz et al. [6] another 
synergetic finding by [22]; reported no significant different level of 
serum calcium was detected in animals infected with theileriosis.

Creatinine and Urea

Creatinine and urea concentrations; were not significantly af-
fect after infection, though the pre infection levels of both were low-
er (0.09 and 36.3 mg/dl), than post infection levels (0.19 and 46.0 
mg/dl); but there was no significant difference at p≤0.05. These 
results disagree with the findings of Denızhan et al. [23], who re-
ported significant elevation in serum creatinine levels in cattle in-

https://biomedgrid.com/


Am J Biomed Sci & Res                                                                                                                                                                                    Copy@ Sara AM

American Journal of Biomedical Science & Research 222

fected with theileriosis. On another hand the present findings about 
serum urea levels were similar to those reported by Omer and his 
team [22], no significant difference of serum urea level between pre 
and post infection. Present results and Omer et al results are in ac-
cordance with the findings of Singh et al. [24] and Denizhan et al. 
[25].

Conclusion
The massive alteration of hematological and biochemical pro-

file of calves infected by theileriosis; demonstrates the potency of 
this disease to damage different animal body’s systems; leading 
to metabolic disturbances incorporates together and increase the 
severity of the disease. Monitoring biochemical profile of infected 
animals may help improving treatment protocol, when to make ap-
proaches to compensate any minerals, glucose, etc. deficiency; as a 
supportive treatment beside the principle medication to fulfill the 
need for fast recovery of the infected animals. 

Research Highlights
1) Preparing the experimental site. 

2) Purchase calves. 

3) Performing the trial and follow up the progress of 
infection. 

4) Samples collection and preservation. 

5) Determination of blood biochemical profile.

Limitations
Reagents and buffers are hard to found because of poor avail-

ability and expensive prices. Beside the obstacle high experimental 
animals’ cost.

Recommendation
This study discovered that every experiment has its own re-

sults depending on various factors including environmental and 
physiological ones, which can be beneficial for evaluating each case 
individually in order to provide a symptomatic treatment support 
the sick animal throughout the course of treatment by reducing the 
effect of deficiency of some nutrients. this study will help the re-
searchers to uncover the critical areas of importance of serum bio-
chemical profile in sustaining the animal condition until complete 
recovery.
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