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ABSTRACT

Background: Babesiosis is endemic in Pakistan and is one of the most important bovine diseases that causes huge economic 
losses and high mortality in young animals. A hematobiochemical study was conducted to unveil the difference between 
diseased and healthy animals in selected districts i.e., Faisalabad (31° 25’ 7.3740’’ N and 73° 4’ 44.7924’’ E), Toba Tek Singh 
(30° 58’ 9.7392’’ N and 72° 27’ 40.7484’’ E) and Jhang (31° 16’ 40.9656’’ N and 72° 18’ 42.3360’’ E) of Punjab, Pakistan.
Materials, Methods & Results: A total of 518 (Cattle = 360, Buffalo = 158) blood samples were collected. The samples 
were analyzed by polymerase chain reaction (PCR) targeting apocytochrome b-gene (Babesia bovis-gene) (CYTb) fol-
lowed by haemato-biochemical analysis. Chi-square test for univariate analysis was used to analyze the data. In summer 
the PCR-based prevalence was 29.4 (53/180) and 24.05% (19/79) in cows and buffaloes, respectively. On the other hand, 
in winter results showed that 12.7 (23/180), 13.92 % (11/79) samples positive for Babesia genus from cows and buffa-
loes, respectively. The positive samples were further investigated for hematological and biochemical analysis. The results 
revealed that, the mean value of hematological parameters like RBCs, Hb, PCV, MCV and MCHC was significantly (P 
< 0.05) decreased in infected animals (cows and buffaloes) as compared to the non-infected ones. While the biochemical 
parameters like Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), cholesterol and Lactate dehydrogenase 
were significantly (P < 0.05) increased in infected animals as compared to healthy animals. This study is the first molecular 
and hematobiochemical evidence of Babesia bovis in dairy herds of Punjab province, Pakistan.
Discussion: Bovine babesiosis is one of the important tick-borne diseases (TBD) affecting dairy industry. In bovines, 
among 3 Babesia species that cause the disease B. bovis is more pathogenic with high mortality and morbidity. Pakistan 
is situated in tropical and sub-tropical region where the humidity is high in some part of countries. This high humidity 
mostly favors the reproduction of the ticks thus higher prevalence of TBDs in this region. Initially the babesiosis was 
diagnosed by light microscopy using thin blood smear stained with Giemsa stain. Many studies verified that PCR is a 
more specific and sensitive tool than conventional techniques for the detection of carrier / asymptomatic ruminants. The 
haemato-biochemical profile is another valuable footprint to track the disease. Keeping in view the above-mentioned fact 
the present project has been planned to evaluate the haemato-biochemical alteration between health and Babesia infected 
cattle along with the molecular detection of Babesia species involved in bovine babesiosis. The mean values of haemato-
biochemical parameters in clinically ill and healthy animals revealed that the mean values of hematological parameters 
like RBCs, Hb, PCV, and HCT were significantly decreased in diseased animals as compared to the healthy ones. All these 
might be due the fact that the parasite is intra-erythrocytic in nature and destruction of red blood cells results in significant 
(P < 0.05) decrease level of all the hematological parameters. The mean value of ALT in babesiosis infected cattle was 
significantly higher as compared to healthy cattle. The mean values of AST and LDH in babesiosis infected cows was 
significantly higher as compared to that in healthy cows. The elevation in liver enzymes in babesiosis may be due to the 
hepatic damage and lesions induced by the parasite during its multiplication in the blood followed by disturbed liver func-
tion. These enzymes are present in high concentrations in the muscles and liver. High level of these enzymes in the blood 
is indicator of organ necrosis or damage.
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INTRODUCTION

Livestock sector is one of the fastest growing 
sectors in Pakistan and plays a vital role in the economy 
of a country by improving socioeconomic status of poor 
farmers [29]. Rural economy is largely dependent upon 
this sector this can be estimated from the fact that each 
family in rural areas has 2 to 3 large animals to meet their 
daily expense by selling the milk and its byproducts [9,29-
31]. This sector contributed 11.11% in national GDP with 
a growth rate of 3.76% as compared to last year along with 
its 58.92% share in agriculture during 2019-20 (Pakistan 
economic survey 2019-20). Geographically, Pakistan 
is situated in the tropical and subtropical regions of the 
world where the tick infestations is very common problem 
facing by the dairy industry [13,25].

Clinical signs of babesiosis include intermittent 
high fever (~ 40°C), hemolytic anemia, force breathing, 
loss of appetite, hemoglobinuria interruption of rumi-
nation weakness and sometimes abortion in pregnant 
females [1,16,21,24,33]. Exotic breeds of cattle are 
more susceptible to babesiosis as compared to indig-
enous breed [4,27]. Many other diagnostic tests like 
haemato-biochemical, serological, and molecular tests 
must use for the confirmation in addition to diagnosis 
[3,12,26]. Other serological tests like ELISA and IFAT 
are also used for the diagnosis of bovine babesiosis 
[2,7,29]. Haemato-biochemical investigations are also 
useful in the diagnosis of bovine babesiosis [17]. The 
present study is designed to investigate the molecular 
prevalence of Babesia and comparative alteration of 
haemato-biochemical parameters in cows and buffaloes.

MATERIALS AND METHODS

Sample collection and screening

The current study was carried out in year of 
2018/2019 in both seasons on the cattle and buffalo’s 
population in target area. A total of 259 blood samples 
buffaloes (n = 79) and cows (n = 180) were collected 
using multistage sampling from 3 districts i.e., Faisala-
bad (31° 25' 7.3740'' N and 73° 4' 44.7924'' E), Jhang 
(31° 16' 40.9656'' N and 72° 18' 42.3360'' E) and Toba 
Tek Singh (30° 58' 9.7392'' N and 72° 27' 40.7484'' E) 
of central Punjab, Pakistan. The samples were collected 
from apparently healthy animals from jugular vein. First, 
the samples were subjected to microscopic analysis for 
these 2 blood smears were made and fixed in methanol1 
(100%) and Giemsa2 stained by following all the proce-

dures and protocol mentioned [20]. Additionally, 3 mL 
of blood collected from the same animals in vacutainer3 
containing EDTA and gel clot for further haemato-
biochemical and molecular investigations.

DNA extraction and purity analysis

All the blood samples which showed positive 
results for Babesia under microscope3 were further 
subjected to DNA extraction, inorganic method (Raw) 
of DNA extraction was used to extract the DNA by 
adopting all the procedures and protocols as described 
[30] spectrophotometry4 technique was used to check the 
quality of extracted DNA in for concentration (ng/µL) 
and purity by using 260/280 wavelength ration, assess-
ing the extracted DNA is suitability for PCR analysis. 

PCR analysis

The isolated DNA from positive samples were 
further assessed to PCR analysis targeting the Bbo gene 
by using the primers5 pair reported by [28] in forward 
and reverse sequence (Forward Primer; 5’- TGAA-
CAAAGCAGGTATCATAGG-3’ and the Reverse 
Primer; 5’- CCAAGGAGATTGTGATAATTCA-3’) 
(Gene bank number/Accession number AF053002). 
PCR Master mix4 was used and PCR mixture was pre-
pared in final volume of 25 µL. Reaction was carried 
out in a thermocycler6 in 35 cycles after initial dena-
turation of DNA at 95°C for 5 min with denaturation 
at 95°C followed by annealing at 60 °C and extension 
was set at 70°C finally the elongation was set at 72°C 
for 10 min. Both the positive and negative control was 
run in every step. For the visual results 1.5% ethidium 
bromide1-stained gel is prepared and molecular marker 
of 100 bp is used to read the expected results after gel 
electrophoresis. The band observed at bp were consid-
ered as positive for Babesia.

Hematological and biochemical investigations 

Hematology of all the positive blood samples 
were carried out by using automatic hematological 
analyzer7 (Medonic®). The hematological parameters 
under consideration during the current study were 
includes RBCs, HB, PCV, MCH and MCHC.

For the serum biochemistry analysis, the sam-
ples collected in gel clot tubes were centrifuged 2000 
x g for 10 min and serum was separated, the separated 
serum was stored at -40°C for further analysis. The 
serum biochemistry analysis was carried out by using 
automatic serum biochemistry analyzer8 (Micorlab 300) 
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by kit method by following all manufacturer protocols. 
The serum biochemistry parameters were studied during 
current study includes ALT, AST, Cholesterol and LDH.

RESULTS

In this study a total of 518 blood samples in 
both seasons (summer + winter) from bovine were col-
lected i.e., buffaloes (n=79), cows (n=180) residing in 
Faisalabad, Toba Tek Singh and Jhang districts in Pun-
jab, Pakistan. First, the samples were screened via the 
blood film under microscope in both seasons (summer 
& winter) and the blood smears examination revealed 
parasite as tear drop in pair identified as Babesia and 
the overall microscopic prevalence in summer was 
13.92% (11/79) and 20.55% (37/180) in buffaloes and 
cows, respectively and in winter was 5.06% (4/79) and 
8.88% (16/180) in buffaloes and cows, respectively. 
Furthermore, the prevalence based upon different risk 
factors i.e., age, sex, housing, floor system, presence 
or absence of ticks was also determined. 

The district wise prevalence of babesiosis in 
buffaloes and cows was also vary in both seasons i.e., 
in summer in buffaloes, prevalence was 10.71 (3/28), 
14.28% (3/21) and 16.66% (5/30) in Faisalabad, Toba 
Tek Singh and Jhang respectively, in cows the prevalence 
was 20.00 (12/60), 12.50 (6/48) and 26.38% (19/72) in 

Faisalabad, Toba Tek Singh and Jhang, respectively. 
While in winter in buffaloes the prevalence was 3.57 
(01/28), 0.00 (0/21) and 10.00% (3/30) in Faisalabad, 
Toba Tek Singh and Jhang, respectively, while in cows 
8.33 (5/60), 6.25 (3/48) and 11.11% (8/72) in Faisala-
bad, Toba Tek Singh and Jhang respectively (Table 1) 
[Figure 1]. Molecular results of current study revealed 
that, in summer 24.05% (19/79) and 29.4% (53/180) of 
buffaloes and cows’ populations were positive through 
standard PCR while in winter the molecular prevalence 
was in 13.92 % (11/79) and 12.7% (23/180) in buffaloes 
and cows, respectively (Figure 2).

The positive samples were further investigated 
for hematological and biochemical analysis. The results 
revealed that, the mean value of hematological parameters 
like RBCs, Hb, PCV, MCV and MCHC was statistically 
significant (P < 0.05) and decreased in infected animals 
(cows and buffaloes) as compared to the non-infected 
ones in (Tables 2 & 3) [Figures 3 & 4]. In Figures 3, 4, 
5, and 6 the columns bearing all the parameters of the 
infected one are the statistically significant (P < 0.05) to 
the columns bearing the parameters of non-infected one 
in both seasons. While the biochemical parameters like 
ALT, AST, Cholesterol and LDH were significantly (P < 
0.05) increased in infected animals as compared to healthy 
animals (Tables 4 & 5) [Figures 5 & 6].

Table 1. Prevalence of babesiosis in large ruminants in summer and winter season based upon microscopy in Faisalabad, Toba Tek Singh and Jhang of 
Punjab province, Pakistan.

Summer

Districts Variables Prevalence (%) Chi- Square Odds Ratio
95% C.I.

P-Value
Lower Upper

Faisalabad
Cow 12/60 (20.00)

13.32 0.78 (0.45 0.97) 0.043
Buffaloes  3/28 (10.71)

Toba Tek Singh
Cow 6/48 (12.50)

18.95 0.93 (0.35 1.15) 0.049
Buffaloes 3/21 (14.28)

Jhang
Cow 19/72 (26.38)

21.74 1.49 (1.32 1.54) 0.039
Buffaloes 5/30 (16.66)

Total
Cow  37/180 (20.55)

20.42 1.78 (1.47 1.90) 0.020
Buffaloes  11/79 (13.92)

Winter

Faisalabad
Cow 5/60(8.33)

23.52 1.59 (1.48, 1.88) 0.040
Buffaloes 1/29 (3.57)

Toba Tek Singh
Cow 3/48 (6.25)

19.42 0.84 (0.47, 0.90) 0.038
Buffaloes 0/21 (0.00)

Jhang
Cow 8/72 (11.11)

20.03 1.30 (1.14, 1.45 0.049
Buffaloes  3/30 (10.00)

Total
Cow 16/180 (8.88)

16.32 0.64 (0.34, 0.80) 0.035
Buffaloes 4/79 (5.06)

P ≤ 0.05 = Significant; P ≥ 0.05 = Non-Significant; C.I. = 95%.
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Table 2. Hematological analysis in cows in both seasons (summer and winter) in Punjab province, Pakistan.

Summer (Infected = 37; non-infected = 143)

Parameter Category Mean + SD t-value P-Value

Red Blood Cells (RBCs) (106/µL)
Infected 3.2 ± 0.75

-32.82 0.02
Non-infected 7.5 ± 0.53

Hemoglobin (Hb) (g/dL)
Infected 5.36 ± 0.74

-53.23 0.032
Non-infected 12.00 ± 0.33

Packed Cell Volume (PCV) (%)
Infected 17.22 ± 0.64

-80.57 0.037
Non-infected 26.7 ± 0.63

Mean Corpuscular Hemoglobin (MCH) (g/dL)
Infected 7.40 ± 0.73

-49.89 0.022
Non-infected 13.5 ± 0.28

Mean Corpuscular Hemoglobin Concentration (MCHC) (Pg)
Infected 20.0 ± 0.64

-81.64 0.019
Non-infected 30.0 ± 0.75

Mean Corpuscular Volume (MCV) (%)
Infected 24.5 ± 0.73

-139.68 0.026
Non-infected 42.0 ± 0.43

Winter (Infected = 16; Non-infected = 164)

Red Blood Cells (RBCs) (106/µL)
Infected 3.31 ± 0.23

-52.09 0.030
Non-infected 7.00 ± 0.53

Hemoglobin (Hb) (g/dL)
Infected 5.75 ± 0.43

-41.75 0.026
Non-infected 10.7 ± 0.64

Packed Cell Volume (PCV) (%)
Infected 16.63 ± 0.74

-46.42 0.040
Non-infected 25.43 ± 0.53

Mean Corpuscular Hemoglobin (MCH) (g/dL)
Infected 8.81 ± 0.17

-16.69 0.041
Non-infected 9.8 ± 0.53

Mean Corpuscular Hemoglobin Concentration (MCHC)  (Pg)
Infected 22.4 ± 0.74

-18.99 0.036
Non-infected 26.0 ± 0.53

Mean Corpuscular Volume (MCV) (g/dL)
Infected 29.1 ± 0.36

-144.74 0.029
Non-infected 44.0 ± 0.64

Table 3. Hematological analysis in buffaloes in both seasons (summer and winter) in Punjab province, Pakistan.

Summer (Infected = 11; Non-infected = 68)
Parameter Category Mean + SD t-value P-Value

Red Blood Cells (RBCs) (106/µL)
Infected 4.0 ± 0.74

-17.36 0.041
Non-infected 7.9 ± 0.22

Hemoglobin (Hb) (g/dL)
Infected 4.9 ± 0.64

-37.10 0.032
Non-infected 12.6 ± 0.63

Packed Cell Volume (PCV) (%)
Infected 20.5 ± 0.74

-66.57 0.042
Non-infected 35.5 ± 0.26

Mean Corpuscular Hemoglobin (MCH) (g/dL)
Infected 6.02 ± 0.53

-40.61 0.041
Non-infected 13.3 ± 0.67

Mean Corpuscular Hemoglobin Concentration (MCHC) (Pg)
Infected 20.6 ± 0.32

-113.08 0.039
Non-infected 35.5 ± 0.74

Mean Corpuscular Volume (MCV)(%)
Infected 22.5 ± 0.22

-103.05 0.046
Non-infected 34.0 ± 0.74

Winter (Infected = 04; Non-infected = 75)

Red Blood Cells (RBCs) (106/µL)
Infected 3.5 ± 0.44

-23.78 0.046
Non-infected 8.2 ± 0.16

Hemoglobin (Hb) (g/dL)
Infected 6.7 ± 0.33

-39.75 0.043
Non-infected 13.0 ± 0.50

Packed Cell Volume (PCV) (%)
Infected 17.5 ± 0.44

-87.49 0.047
Non-infected 35.5 ± 0.52

Mean Corpuscular Hemoglobin (MCH) (g/dL)
Infected 5.7 ± 0.73

-23.22 0.049
Non-infected 13.3 ± 0.20

Mean Corpuscular Hemoglobin Concentration (MCHC) (Pg)
Infected 22.8 ± 0.43

-64.55 0.048
Non-infected 35.4 ± 0.29

Mean Corpuscular Volume (MCV) (%)
Infected 21.8 ± 0.27

-79.88 0.048
Non-infected 32.3 ± 0.45
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Table 4. Biochemical analysis in cows (summer + winter) in Punjab province, Pakistan.

Summer (Infected = 37; non-infected = 143)

Parameter Category Mean + SD t-value P-Value

Alanine Amino Transferase (ALT) (IU/L)
Infected 56.4 ± 0.65

-10.53 0.016
Non-infected 38 ± 0.32

Aspartate Amino Transferase (AST) (IU/L)
Infected 150.8 ± 0.93

-33.53 0.021
Non-infected 144 ± 0.12

Cholesterol 
Infected 415 ± 0.42

-29.43 0.035
Non-infected 381.4 ± 0.63

Lactate Dehydrogenase (LDH) 
Infected 1181 ± 0.53

-19.54 0.047
Non-infected 1032.8 ± 0.42

Winter (Infected = 16; non-infected = 164)

Alanine Amino Transferase (ALT) (IU/L)
Infected 48.6 ± 0.43

-32.53 0.034
Non-infected 34 ± 0.19

Aspartate Amino Transferase (AST) (IU/L)
Infected 149.8 ± 0.56

-14.64 0.041
Non-infected 142 ± 0.53

Cholesterol 
Infected 426.3 ± 0.28

-26.43 0.043
Non-infected 419 ± 0.43

Lactate Dehydrogenase (LDH) 
Infected 1167.2 ± 0.43

-18.53 0.032
Non-Infected 1025.4 ± 0.43

Table 5. Biochemical analysis in buffaloes (summer + winter) in Punjab province, Pakistan.

Summer (Infected = 11; Non-infected = 68)

Parameter Category Mean + SD t-value P-Value

Alanine Amino Transferase (ALT) (IU/L)
Infected 57.5 ± 0.54

-53.22 0.039
Non-infected 39 ± 0.64

Aspartate Amino Transferase (AST)(IU/L)
Infected 166.3 ± 0.48

-42.53 0.021
Non-infected 163 ± 0.02

Cholesterol mg/dL)
Infected 418.5 ± 0.12

-11.64 0.031
Non-infected 429 ± 0.63

Lactate Dehydrogenase (LDH) 
Infected 1154.1 ± 0.36

-19.75 0.043
Non-infected 1134.6 ± 0.69

Winter (Infected = 04; Non-infected = 75)

Alanine Amino Transferase (ALT)(IU/L)
Infected 63.3 ± 0.64

-48.64 0.043
Non-infected 61 ± 0.32

Aspartate Amino Transferase (AST)(IU/L)
Infected 164.0 ± 0.64

-73.22 0.036
Non-infected 145 ± 0.75

Cholesterol (mg/dL) 
Infected 430.5 ± 0.46

-22.53 0.039
Non-infected 431 ± 0.64

Lactate Dehydrogenase (LDH) 
Infected 1149.6 ± 0.54

-29.12 0.049
Non-infected 1130.6 ± 0.82
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Figure 1. Prevalence of babesiosis in large ruminants in summer and winter season in selected districts of Punjab, Pakistan.

Figure 2. Photograph of sample showing positive results for Babesia 
bovis (PCR) in large ruminants from selected districts of Punjab, Pakistan.

Figure 3. Hematological analysis in cows in both seasons (summer and 
winter) from selected districts of Punjab, Pakistan.

Figure 4. Hematological analysis in buffaloes (summer and winter) from 
selected districts of Punjab, Pakistan.

Figure 5. Biochemical analysis in cows (summer + winter) from selected 
districts of Punjab, Pakistan.
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Figure 6. Biochemical analysis in buffaloes (summer + winter) from 
selected districts of Punjab, Pakistan.

DISCUSSION

Bovine babesiosis is one of the leading 
tick-borne diseases (TBD) affecting dairy industry. 
In bovines the main babesia species that cause the 
disease includes B. bigemina, B. bovis and B. diver-
gens among them B. bovis is more pathogenic and 
cause high mortality and morbidity. The mortality 
rate ranges between 20-50% in young and sexually 
mature animals. Exotic dairy cattle are more sensi-
tive to tick infestations as compared to indigenous 
breeds. Babesia is a hemoparasite that is transmit-
ted by the soft tick named ixodid [2]. Pakistan is 
situated in tropical and sub-tropical region where 
the humidity is high in some part of countries high 
humidity is basically favors the growth of such 
kind of ticks that’s why the chances of disease 
prevalence is higher in this region [18]. The main 
clinical signs associated with babesiosis in bovines 
includes high fever, paleness of mucous membrane, 
weakness animal unable to walk freely and loss of 
rumination [29]. 

If we want to decrease the economic losses 
due to babesiosis, it is need of the hour to develop 
such a unique diagnostic regimes and assays that 
not only detects the babesia at very early stage but 
also provide more accurate results both for the car-
riers and ongoing parasitic infestations. Initially the 
babesiosis was diagnosed by using light microscopy 
for this a drop of blood is needed and from this a 
thin blood film was formed and stained with Giemsa 
and examined under the light microscope [7], one 

major limitation of this technique is this that this 
is useful only for the acute infestation’s cases but 
not for the carriers’ animals, so the threat of being 
spreading of the disease is still there [15,24,27]. 
Many studies verified that PCR is a more specific 
and sensitive tool than conventional techniques for 
the detection of carrier ruminants having Babesia 
sp. present in blood without any apparent signs of 
babesiosis [28,32,34].

We had similar experience as the prevalence 
of Babesia detected through PCR was higher as 
compared with parasitic detection by microscopic 
examination of Giemsa-stained blood smears. 
Only microscopic examination of PCR positive 
samples would have declared many of the positive 
samples as parasite free. A similar comparison 
was determined in Kasur, Pakistan [6]. They found 
33.3% prevalence for B. bovis and B. bigemina in 
cattle from Kasur by PCR as compared with 3% 
prevalence of B. bovis detected by blood smear ex-
amination. In the current infection of babesiosis in 
dairy animals the analysis of haemato-biochemical 
profile is another valuable footprint to track the 
disease by keeping in view the above-mentioned 
fact the present project has been planned to evalu-
ate the haemato-biochemical alteration between 
health and babesia infected cattle’s along with the 
molecular detection of Babesia species involved in 
bovine babesiosis.

The mean values of haemato-biochemical 
parameters in clinically ill and healthy animals in our 
findings revealed that the mean values of hematological 
parameters like Red blood cells (RBCs), hemoglobin 
(Hb), Pack cell volume (PCV) and hematocrit (HCT) 
were significantly decreased in diseased animals as 
compared to the healthy ones. All these might be due 
the fact that the parasite is intra-erythrocytic in nature 
and as a result there is destruction of red blood cells and 
as a result level of all the hematological parameters are 
significantly decreased (P < 0.05). These results are in 
agreement with the similar findings already described 
in the literature [19,23].

The Mean value of Serum Alanine amino-
transferase (ALT) in babesiosis infected cattle was 
significantly higher as compared to that in healthy 
cattle. The observations recorded in the present study 
are in agreement with previous results [1,5,14,18,38]. 
Stated that the elevation in liver enzymes in babesiosis 
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may be due to the hepatic damage and lesions induced 
by the parasite during its multiplication in the blood 
followed by disturbed liver function. 

The Mean values of Serum Aspartate ami-
notransferase (AST) and Lactate dehydrogenase 
(LDH) in babesiosis infected cows was significantly 
higher as compared to that in healthy cows. The ob-
servations recorded in the present study agree with 
previous findings [8,10,11,18,32]. Serum AST and 
ALT concentrations are the indicators of hepatic 
function and the rise in serum ALT and AST may 
be due to alteration of liver function as a result of 
bovine babesiosis [35,36]. These enzymes are pres-
ent in high concentrations in the muscles and liver. 
Elevation of these enzymes in the blood is indicator 
of organ necrosis or damage [22]. Babesia bigemina 
infection causes increase in enzyme activity which 
may attribute to severe anemia that leads to hypoxic 
and toxic liver damages. Also, massive hemolysis 
may occur which in conjunction with hypoxia may 
lead to hepatic cell degeneration leading to increase 
in AST, ALT and LDH [28,37].  

CONCLUSIONS

In the present study, Babesia infection affects 
the hematobiochemical parameters which is manifested 
as anemia, low hematocrit value, decrease hemoglobin 
and PCV. Besides this high level of AST, ALT and 
LDH were also evaluated. These findings suggest that 
Babesiosis affects the liver of the affected animals 
which is shown in the present study. These valuable 
data obtained in the present study may be helpful in the 
diagnosis and treatment (symptomatic) of the disease.
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