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ABSTRACT

Babesiosis is endemic in Pakistan and is one of the most important bovine diseases that cause huge economic losses and high
mortality in young animals. A hematobiochemical study was conducted to unveil the difference between diseased and healthy
animals in specific districts i.e., Faisalabad, Toba Tek Singh and Jhang of Punjab, Pakistan. The total number of blood samples
collected were 518 which include samples of 158 buffaloes and 360 cattle. The collected samples are then analyzed with the
help of PCR (Polymerase Chain Reaction) targeting apocytochrome b-genes (CYTb) followed by hematobiochemical analysis.
The analysis of data was done by the Chi-square test. The PCR tests conducted in summer suggests that 53 out of 180 (29.4%)
cows and 19 out of 79 (24.05%) buffaloes are prone to babesiosis. On the other hand, in winter results showed that 12.7
(23/180), 13.92 % (11/79) samples positive for Babesia genus through c-PCR. 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 ALT, AST, Cholesterol and LDH were significantly (P< 0.05) increased
in infected animals as compared to healthy animals. These findings are the novel molecular and hematobiochemical evidence

of B. bovis in dairy herds of Punjab province, Pakistan.
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INTRODUCTION: Livestock sector is considered to be one of
the most important and fast developing sector in Pakistan and
plays an important role in the economy of a country by
improving socioeconomic status of poor farmers and also plays
a key role in assuaging poverty (Shahzad et al, 2013). 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 (Shahzad et al, 2013; Sharma et al,, 2016). In
the fiscal year of 2019/2020 this sector contributed 14% in
national GDP with a growth rate of 2.89% as compared to last
year along with its 61.9% share in agriculture. Water buffaloes
and cows with an anticipated head of 53.4 and 43.7 million
respectively, are main milch animals with annual production of
24.238 to 39.503 million tons of milk (GOP, 2021-22).
Depending upon the needs and milk supply according to the
needs of public the dairy farms systems are divided in to four
categories i.e., smallholder subsistence these systems fulfilled
daily household needs only, smallholder market-oriented this
system basically fulfilled the needs of family and some extra
milk is sold to nearby local milk market: rural commercial dairy
farms and systems have large no. of milch animals as compared
to the rest of systems and they have surplus amount of milk to
fulfill the needs at larger scale and also they have direct link to
the well develop milk processing plants; last type of milk

systems is peri urban they have few no of animals and they keep
the animals near to the big cities and supply the milk to urban
areas (M’ghirbi et al, 2008; Sharma et al, 2016). Despite of
tremendous growth and development in the dairy industry, it is
facing some problems as well in the form of tick born diseases,
among them tick transmitted blood protozoan is major
constrains in the development of this sector (Rehman et al,
2004). 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 (Igbal et al.,
2011).

Bovine babesiosis is one of the leading ticks borne diseases in
dairy industry, babesiosis was first identified by Victor Babes in
1888 in Romania (Babes, 1888) and it was the major cause of
sudden death of dairy cattle at that time and till date more than
100 species of babesia have identified affecting different
livestock species including wild and pet animals (Tufani et al.,
2015). Here we engrossed on bovine babesiosis. In cattle
babesiosis is mainly caused by the B. bigemina and B. bovis
babesia is an intraerythrocytic parasite and it is transmitted by
the bite of soft tick named Ixodid demonstrated that it is an
arthropod vector transmitted disease (Aziz et al, 2020). Follow
up studies were also revealed babesia as tick-transmitted
apicomplexan protozoan haemoparasites which have great
economic impact worldwide. The main clinical signs in bovines
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babesiosis are intermittent high fever (~104 °F), hemolytic
anemia, force breathing, loss of appetite, hemoglobinuria
interruption of rumination weakness and sometimes abortion
occurs in pregnant females due to prolong onset of high fever
and animal unable to move (Mosqueda et al., 2012; Razavi et al.,
2012). Exotic breeds of cattle are more susceptible to
babesiosis as compared to indigenous breed due to this fact
high mortality (35-50%) is observed in imported animals (Saud
etal, 2005).

Many factors like clinical signs (high fever), season, infestations
of ticks are potent indicators for occurrence of disease but
other diagnostic tests like haemato-biochemical, serological,
and molecular tests must use for the confirmation in addition to
diagnosis these tests provide the epidemiological status of
disease in a particular area to know the enzootic stability
(Ibrahim, 2017). Traditionally bovine babesiosis is diagnosed
directly by blood film examinations under microscope and due
to quick and inexpensive this microscopic examination is still
used (Salem et al,, 2016). During acute phase of disease. During
acute phase of disease number of parasites are increased to
certain a level where they can be easily detected by microscopy
drawback of this technique is that it is only useful in active
infection not for the subclinical infection (Aulakh et al, 2005).
Other serological tests like ELISA and IFAT are also used for the
diagnosis of bovine babesiosis these two tests mostly detect
antibodies (Immune response) in the serum some time they
give the false result due to cross reactivity in addition to this
there is short window of infection (12-15 days) (Esmaeilnejad
et al, 2012). Molecular tests i.e., standard PCR, nested PCR,
LAMP assay and qRT-PCR useful and detects the presence of
parasite DNA, which is more confirmatory, but the drawback of
these molecular assay are that due to use specific treatment
parasite DNA removed from the blood (Hassanpour et al., 2013;
Shahzad et al, 2013). In Pakistan all the methods from
traditionally blood film examination to molecular methods have
been used separately for the diagnosis of bovine babesiosis but
not collectively. Hematological and biochemical investigations
are also useful in the diagnosis of bovine babesiosis as the
parasite is intraerythrocytic in nature.

OBJECTIVES: Very few data regarding the clinicopathology-
biochemical and molecular detection investigations of bovine
babesiosis is available in Pakistan that's why the current
research was envisaged with core objectives of babesias
detection in the blood of cows and buffaloes along with the
haemato-biochemical investigations of bovine babesiosis.
MATERIALS AND METHODS: Sample collection and initial
examination: The present investigation on the number of
cattle and buffalo in the target region was conducted in
2018/2019 during both seasons. The blood samples of 259
buffaloes and cows were collected from different districts of
Pakistan. The districts from where the samples are collected
include Faisalabad, Jhang, and Toba Tek Singh. The samples
were collected from apparently healthy animals from jugular
vein. First, the samples were subjected to microscopic analysis
for these two blood smears were made and fixed in Methanol
(100%) and Giemsa stained by following all the procedures and
protocol mentioned by Moretti et al. (2010). Additionally, 3 mL
of blood collected from the same animals in vacutainer
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 microscope
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 by
Shaikh et al. (2005). Spectrophotometry technique was used to
check the quality of extracted DNA in for concentration (ng/puL)
and purity by using 260/280 wavelength ration, assessing the
suitability of the extracted DNA for PCR analysis.

PCR analysis: The isolated DNA from positive samples were
further assessed to PCR analysis targeting the Bbo gene by
using the primers pair reported by Salas et al in forward and
reverse sequence (Forward Primer; 5’- TGA ACA AAG CAG GTA
TCA TAG G-3’ and the Reverse Primer; 5- CCA AGG AGA TTG
TGA TAA TTC A-3’). PCR Master mix was used from
(Thermoscientific®, USA) and PCR mixture was prepared in
final volume of 25 pL. Reaction was carried out in a thermocycle
in 35 cycles after initial denaturation 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 for 1 min. finally the elongation was
set at 72 °C for 10 min. Both the positive and negative control
was inculded in every step. For the visual results 1.5% ethidium
bromide-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 considered as positive for
babesia.

Hematological and biochemical investigations: Hematology
of all the positive blood samples were carried out by using
automatic hematological analyzer (Medonic® Sweden). The
hematological parameters under consideration during the
current study were includes RBCs, HB, PCV, MCH and MCHC.
For the serum biochemistry analysis, the samples collected in
gel clot tubes were centrifuged @ 5000 RPM for 10 minutes 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 analyzer
(MERCK, Micorlab 300) by kit method by following all
manufacturer protocols. The serum biochemistry parameters
were studied during current study includes ALT, AST,
Cholesterol and LDH.

RESULTS AND DISCUSSION: This study consists of sample
collection in both seasons (summer + winter) from bovine ie.,
buffaloes (n=79), cows (n=180) from different Districts of
Punjab, Pakistan i.e., Faisalabad, Toba Tek Singh and Jhang. The
screening of blood samples via the blood film were the first step
in this study 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.
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. divergens 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 sensitive to tick infestations as compared
to indigenous breeds. Babesia is a hemoparasite that is
transmitted by the soft tick named ixodid (Shahzad et al., 2013).
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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
(Lotfollahzadeh et al., 2012). 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 (Shahzad et al, 2013). If we want to decrease
the economic losses due to babesiosis, it is need of 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 carriers and ongoing
parasitic infestations. Additionally, the occurrence according to
several risk factors, such as age, sex, housing, floor system, and
availability of tick, was also examined. The occurrence of
babesiosis was seen to be different in selected districts of
Pakistan. 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, 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 Saud et al. (2005);
(Kerr, 2008; Razavi et al., 2012). The conventional techniques
for the detection of carrier ruminants had disadvantage over
PCR that the conventional techniques are non-specific and less
sensitive (Talkhan et al., 2010; Ziapour et al., 2011). It was also
noticed that the season also has an impact on the prevalence of
disease. In summer, the prevalence of disease in buffaloes were
high in Jhang (16.66%) followed by Toba Tek Singh (14.28%)
and Faisalabad (10.71%). In Jhang, 5 out of 30, in Toba Tek
Singh 3 out of 21 and in Faisalabad 3 out of 28 buffalo have

babesiosis. Similarly, the prevalence of disease in cows in
summer were also highest in Jhang (26.38) followed by
Faisalabad (20%) and then in Toba Tek Singh (12.50%). In
Jhang, 19 out of 72, in Toba Tek Singh 6 out of 48 and in
Faisalabad 12 out of 60 buffalo have babesiosis. The results of
PCR in winter were different as compared to summer. In winter,
the prevalence of disease in buffaloes were high in Jhang (10%)
followed by Faisalabad (3.57%) while Toba Tek Singh had zero
prevalence. In Jhang, 3 out of 30 and in Faisalabad 1 out of 28
buffalo have babesiosis. Similarly, the prevalence of disease in
cows in winter were also highest in Jhang (11.11%) followed by
Faisalabad (8.33%) and then in Toba Tek Singh (6.25%). In
Jhang, 8 out of 72, in Faisalabad 5 out of 60 and in Toba Tek
Singh 13out of 48 buffalo have babesiosis (table 1 & figure 1).
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Figure 1: District wise prevalence of babesiosis in large
ruminants in summer and winter season.

Summer
Districts Variables Prevalence (%) Chi- Square 0dds Ratio 95% C. 1 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 Cow 6/48 (12.50) 18.95 0.93 (0.35, 1.15) 0.049
Singh Buffaloes 3/21(14.28) R
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 0.020
Buffaloes 11/79 (13.92) (147, 1.90)
Winter
Faisalabad Cow 5/60(8.33) 23.52 1.59 (1.48, 1.88) 0.040
Buffaloes 1/29 (3.57)
Toba Tek Cow 3/48 (6.25) 19.42 0.84 0.038
Singh Buffaloes 0/21 (0.00) (0.47,0.90)
Jhang Cow 8/72 (11.11) 20.03 1.30 0.049
Buffaloes 3/30 (10.00) (114, 1.45)
Total Cow 16/180 (8.88) 16.32 0.64 0.035
Buffaloes 4/79 (5.06) (034, 0.80)

Table 1: District wise prevalence of babesiosis in large ruminants in summer and winter season based upon microscopy.

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 significantly (P< 0.05) decreased in
infected animals (cows and buffaloes) as compared to the non-
infected ones (table 2&3 and figure 3&4).

While the biochemical parameters like ALT, AST, Cholesterol
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Figure 6: Biochemical analysis in Buffaloes (Summer + Winter).
The prevalence of Babesia detected by microscopic examination
of Giemsa-stained blood smears was lower as compared to the
detection through PCR. Only microscopic examination of PCR
positive samples would have declared many of the positive
samples as parasite free. A similar comparison was made by
Durrani and Kamal in Kasur, Pakistan (Durrani and Kamal,
2008). They found 33.3% prevalence for B. bovis and B.
bigemina in cattle from Kasure by PCR as compared with 3%

: - . ’ prevalence of B. bovis detected by blood smear examination.
assay. 1 is control positive Z is control negative and samples 3,4, he progression of disease caused by the babesiosis can also be

300

Figure 2: Molecular identification of Babesia bovis through PCR
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Summer (Infected = 37; non-infected = 143)

Parameter Unit Category Mean + SD t-value P-Value
Red Blood Cells (RBCs) 106/uL 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 g/dL Infected 7.40+0.73 -49.89 0.022
(MCH) Non-infected 13.5+0.28
Mean Corpuscular Hemoglobin Pg Infected 20.0+0.64 -81.64 0.019
Concentration (MCHC) 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/uL 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 g/dL Infected 8.81+0.17 -16.69 0.041
(MCH) Non-infected 9.8+0.53
Mean Corpuscular Hemoglobin Pg Infected 22.4+0.74 -18.99 0.036
Concentration (MCHC) 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).
Summer (Infected = 37; non-infected = 143)
Parameter Unit 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) (Iu/L) 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) (Iu/L) Infected 1167.2+0.43 -18.53 0.032
(Iu/L) Infected 1148.6+0.43 -32.53 0.034

Alanine Amino Transferase (ALT)

Table 4: Biochemical analysis in cows (Summer + Winter).

tracked by the analyzing the haemato-biochemical profile of
affected individual. The mean values of haemato-biochemical
parameters in clinically ill and healthy animals are presented in
the table, and 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 previous studies
(Radostits et al., 2006); Mahmoud et al. (2015). Serum Alanine
aminotransferase (ALT) is the important indicator for the
detection of babesiosis and it was observed that healthy cattle
had low level of ALT as compared to the cattle having
babesiosis. These observations are consistent with the findings
cited in literature Alam and Nasr, (2011); Lotfollahzadeh et al.,
2012 and Jayalakshmi et al, 2017). The reason for the increase
in ALT in affected individuals may be due the fact that the
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Summer (Infected = 11; non-infected = 68)

Parameter Unit Category Mean + SD t-value P-Value

Alanine Amino Transferase (ALT) (Tu/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) (Tu/L) 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) (Iu/L) Infected 1149.6+£0.54 -29.12 0.049
Non-infected 1130.6+0.82

Table 5: Biochemical analysis in Buffaloes (Summer + Winter).
parasites damage the hepatic cells and induce lesions which
may lead to abnormal ALT. The healthy cows had low mean
values of LDH (Lactate dehydrogenase), and AST (Aspartate
aminotransferase) as compared to that of cows infected with
babesiosis. These observations are consistent with the findings
of various researchers Hussein et al, (2007); Gungi et al,
(2016) and Ganguly et al,, (2017). The hepatic function can be
analyzed with the help of serum concentration of ALT and AST.
In case of bovine babesiosis, the concentration of ALT and AST
rises significantly in the serum (Zulfiqar et al,, 2012). The most
abundant site for the presence of these enzymes are liver and
muscle cells. Necrosis can also be identified by the detection of
these enzymes in the serum (Murray et al, 2000). Increased
enzymatic reaction brought on by a babesia bigeminal infection
may contribute to severe anemia, which causes toxic and
hypoxic liver damage. Additionally, significant hemolysis may
take place, which may combine with hypoxia to cause hepatic
cell degeneration and a rise in AST, ALT, and LDH (Shahnawaz
etal,2011).
CONCLUSION: Babesia infection in the present investigation
impacts the hematobiochemical parameters, which expresses as
anemia, a low hematocrit value, a drop in hemoglobin, and a
decrease in PCV. In addition to the above parameters, LDH, AST,
and ALT were observed. Babesiosis majorly affects the liver of
an animal which is also noticed in this study. This research will
open new paradigm for the symptomatic treatment and
diagnosis of diseases.
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