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Babesiosis is a tick borne disease of animals and causes significant losses to livestock sector
and in turn to the economy of Pakistan. Objective: To analyze the molecular and phylogenetic
analysis of Babesia species for inter and intra specific genetic variations in district Sialkot,
Pakistan. Methods: Total 150 (Cow=120, Buffalo=20 and Sheep=10) blood samples were
collected. Microscopic examination of blood smears stained by field stain method was
performed. DNA was extracted by phenol chloroform extraction method and 18S rRNA gene was
targeted for PCR amplification. MEGAX software was used to perform phylogenetic analysis.
Haplotype analysis was performed with Popart software by using median joining network
method. Results: Out of 150 blood samples, 50 (33%) were positive for Babesia bigemina (B.
bigemina). Out of these, 36 showed 446bp bands specific for 18S rRNA gene of B. bigemina. In
Phylogenetic tree one sequence from cow had 98% similarity with sequence from Uganda while
all other sequences from cow had 98% similarity with sequence from China. Isolate from buffalo
showed 98% similarity with sequence of buffalo previously reported from Pakistan and
sequence of sheep appeared as more related to buffalo samples. Haplotype analysis from
current study revealed four haplotypes, two from cow, one each from buffalo and sheep.
Conclusions: This study was helpful for molecular and phylogenetic analysis of Babesiaisolates
from district Sialkot, Pakistan. Haplotyping has revealed the genetic variants among different
and same host species.

INTRODUCTION

Babesiosis is one of the most significant Tick-Borne
Diseases (TBDs) that affects Bovids in Pakistan [1]. It is a
deadly disease which is caused by an intra-erythrocytic
protozoan parasite belonging to genus Babesia. The
important vectors for transmission of this disease is
Boophilus genus of ticks which is extensively available in
tropical and subtropical countries [2]. Babesiosis is also
known as the red-water disease which is caused by
different species of genus Babesia. Both subclinical and
acute infections are caused by Babesia spp. [3]. The
parasite multiplies in red blood cells that results in the
demolition of a huge number of red blood cells. The most
important characteristic feature of this disease is coffee
colored urine. Affected animals experience the noticeable
increase in body temperature (40-41°C), struggle for

breathing, loss of appetite, termination of rumination,
jaundice of various degrees from paleness in case of mild
infection to severe yellow coloration of mucous
membranes of vagina and conjunctiva in more progressive
cases, abnormal thinness of body (emaciation),
progressive hemolytic anemia, increased heart rate,
increased respiratory rate, haemoglobinuria, weakness in
body, unwillingness to move and eye problems. The high
fever in infection causes abortion to pregnant females in
some cases [4]. It also reduces the fertility in males
specially bulls [5]. Traditionally, the microscopic
examination is used for identification of parasites in
stained blood smears. The sensitivity of this method is low
and it cannot differentiate morphologically
indistinguishable organisms [6]. Polymerase Chain
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Reaction(PCR)isanucleic acid based assay thatis far more
sensitive than conventional methods for the identification
of parasites including B. bigemina[7, 8]. Polymerase Chain
Reaction (PCR)is sensitive to the extent that, it can detect
parasite evenif thereisonlyone parasiticcell presentinthe
sample. The PCR based methods have been proved as
almost 100 times more specific and sensitive than
microscopic examination. This method is highly specific
and consumes less time which makes it more satisfactory
fordiagnostic purposes[8-10].

The current study was for molecular characterization of
Babesia species in District Sialkot, Pakistan and to
investigate about the evolutionary relationship of isolated
species with reported Babesia spp. throughout the world.
This type of study has not been previously done from
District Sialkot, Pakistan. Hence, this study on molecular
analysis of B. bigemina from Bovids may be contemplated
asfirstreportof thiskindin District Sialkot, Pakistan.

METHODS

Sample Collection

Blood samples for detection of Babesia spp. were collected
from January 2019 - June 2020 from district disease
diagnostic laboratory, Sialkot. Total 150 blood samples
were collected from different host animals in sterilized
vacutainers containing EDTA. Out of 150 blood samples 120
were collected from cows, 20 from buffalos and 10 samples
were collected fromsheep.

Microscopic Examination

The microscopic examination of Babesia spp. was
performed at District disease diagnostic laboratory,
Sialkot. Blood samples were analyzed for identificationand
morphological differentiation of piroplasms of Babesia
spp. by field stain method by following the standard
protocol. Finally, the stained slide was observed under oil
immersion lens of light microscope.

DNAEXxtraction

The genomic DNA extraction was performed by Phenol:
Chloroform: Isoamyl alcohol (PCIl) method as previously
described [11]. The extracted DNA was stored at -20°C till
further utilization. DNA extraction was confirmed by
runningthe sampleson1% agarose gel.

PCR Amplification

A pair of primers specific for 18S rRNA gene of B. bigemina
i.e., for forward reaction F-5 CCCAATCCTGACACAGGGAG3
and for reverse reaction R-5 GCAAATGCTTTCGCAGTGGT3
was used to amplify the amplicon of 446bp [12]. PCR
amplification was performed by using GeneDireX, Inc.
amaR 0OnePCR kit. A 50ul PCR mixture was prepared by
adding 30ul PCR mix from kit, 3ul of each forward and
reverse primers, 10ul of distilled water and 4pl of template
DNA. Thermal cycler(BIO-RAD T100™) was set for 35 cycles
under conditions of thermal cycler for PCR amplifications
asgivenintablel.
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Table1: Thermal Cycler Conditions for PCR Amplification

Steps Temperature (°C) Time Cycles
Initial Denaturation 95°C 5min -
Denaturation 94°C 5sec
Annealing 57°C Tmin 35
Extension 72°C 1min Cycles
Final Extension 72°C 10 min
Infinite Hold 4°C oo

PCR products were run on 1% agarose gel. PCR productsin
gel were visualized in gel documentation system for the
desired amplicon size specific for species under
examination.

Sequencing and Bioinformatics Analysis

PCR products were sent for sequencing to 1st BASE,
Singapore and Malaysia. Purification of PCR products was
also performed. PCR products were sequenced in forward
direction. Nucleotide BLAST was used for the analysis of
18S rRNA gene sequences for similarity and accuracy level.
Nucleotide sequence from different animal hosts showing
genetic diversity were submitted to Genbank and
accession numbers was received. MEGA X software was
used for construction of phylogenetic tree by neighbor
joining method with Kimura 2 parameter model and
bootstrapsupportfrom1000 replicates.

Haplotype Analysis

A haplotype network to show the relationship of different
haplotypes derived from 18S rRNA gene sequence of B.
bigemina generated from samples of present study and
thosereported from different selected countries was done
by using Popart software 4.1. Haplotypes were generated
by median joining network method which is a character
based method of haplotype analysis.

RESULTS

Microscopic Examination
Microscopic identification of this species was
accomplished according to the morphological
characteristics reported by [13] which indicated the
presence of B. bigemina species in samples of current
studyasshowninfigurel.

L
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Figure 1: Field Stained Blood Smear Showing the B. Bigemina
(Blackarrows)Under 100X Oil Immersion Lens
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Outof 150 blood samples 50 blood samples were positive by
microscopic examination indicating the 33% rate of
prevalence and frequency in District Sialkot as shown in
table 2.

Table 2: Result of Screening of Blood Smears by Microscopic
Examination

45(90%)
3(6%)
2(4%)

Cow
Buffalo
Sheep

50(33%)

PCR Amplification

DNA was successfully extracted by Phenol chloroform
extraction method. PCR was applied on all 50 samples that
were confirmed as positive by microscopic examination.
Out of 50 samples 36 produced the characteristic band of
446bpin1% agarose gel. No amplification was seenin case
of negative controlasshownin figure 2.
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Figure 2: PCR amplification of 18S rRNA gene of B. bigemina. Lane
M=DNA marker (100bp), Lanes 1, 2 (Cow), 3 (Buffalo), 4 (Sheep)
showing positive samplesand Lane 5=negative control
Sequencing Analysis

Nucleotide BLAST results confirmed that sequences of our
samples were of B. bigemina. All the 18S gene sequences
generated were aligned by using CLC viewer software to
observe the nucleotide polymorphism. Multiple sequence
alignment showed both single and multiple nucleotide
polymorphism at various positions along the whole length
of sequences. Inter and Intra-specific variations were also
notedinsequencesasshowninfigure 3.
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Figure 3: Multiple Sequence Alignment of 18S rRNA gene of
Selected Samples of B. bigemina Showing Genetic Variability are
Designatedas B1(Cow), B2(Cow), B3(Buffalo)and B4(Sheep)
Phylogenetic Analysis

Phylogenetic analysis of 18S rRNA gene sequence of B.
bigemina revealed that all the sequences of cow (B1-
MZ817010) showed similarity with sequences from China
(KY805824) except one B2-MZ817011 showed 98% with
Uganda (KU206297). The sequence B3-MZ817012 from
Buffalo showed 98% identity with sequence of 18S rRNA
gene sequence reported from Pakistan (KY765562). While
the sample from sheepi.e. B4-MZ817013 did not shared any
cladewithreported sequencesasshowninfigure 4.
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100% MZz817010 (B1 Cow) B. beigmana
100% gl KY805824 (China) B. beigmana
JQ437264 (Australia) B. beigmana

98% MZ817011 (B2 Cow) B. beigmana
100% { KU206297 (Uganda) B. beigmana
MH356483 (Iraq) B. beigmana
KF606864 (India) B. beigmana
MH050387 (USA) B. beigmana
KX375828 (Italy) B. beigmana
MN625890 (Egypt) B. beigmana
EF612434 (Israel) B. beigmana
MT898490 (Mexi co) B. beigmana
KP745623 (Turkey) B. beigmana
FJ426361 (Spain) B. beigmana
100% EF458197 (Germany) B. beigmana
100% MN053035 (Cuba) B. beigmana

{ MW049239 (Guinea) B. beigmana

JN714975 (Vietnam) B. beigmana
- MZ817012 (B3 Buffalo) B. beigmana

8% L— KY765562 (Pakistan) B. beigmana
MZ817013 (B4 Sheep) B. beigmana

100% 100%

96%

100%
100%

98%

100%

Figure 4: Phylogenetic Tree Constructed by Neighbor Joining
Method from 18SrRNA Gene Sequence of b. Bigemina

Haplotype Analysis

Four haplotypes were recognized in current study. In
haplotype network, Hap 2 haplotype was dominant as
indicated by the size of circle. Hap 2 and Hap 1represented
the sequences from cow, Hap 3 from buffalo while Hap 4
from Sheep(figure 5A)[14].

Haplotype Networking of 18S rRNA Sequences from
Current Along With Sequences from Other Countries
Haplotype network generated between current study
sample and other selected sample from 24 countries
represented total 16 haplotypes. Hap 1 haplotype of our
study from cow and Chinashared the same circle indicating
same evolutionary lineage. Hap 2 from cow made network
with the haplotype reported from eight other countries
while Hap 3 from buffalo form network with another
Haplotype reported from Pakistan from same host and Hap
4 from sheep showed large number of mutation before
making network with haplotype from Cuba and West Africa
(figure 5B). Nucleotide diversity and neutrality test
statistics is given in table 3, where Tjima’s D represented
the negative value whichindicates populationgrowth[14].
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Buffalo

Hap 1 Hap 3

Calumbia, Zambia, Uganda, Bl
‘asgentina, Kenys, kraq, Japan,

Cow

Hap2

Figure 5: Haplotype Network of 18S rRNA: a) Sequences
Generated from Samples of Current Study. b) Haplotype Network
of Sequences from Current Study and Those Reported from other
Countries

Size of circles is proportional to haplotype frequency and
no. of dashes on lines exhibit the number of mutations
between nodes representing different sequences.
Nucleotide diversity and neutrality test statistics of B.
bigemina is given in table 3, where the positive value of
Tajima's Dshowsreductioninpopulationsize.

Table 3: Nucleotide Diversity and Neutrality Test Statistics of B.
bigemina

Variables Analysis of Sequences | Current Study with
from Current Study | Reported Sequences
Nucleotide Diversity (N) 0.0160036 0.154468
No. of Segregation Sites 14 36
No. of Pa_rsim_ony— 0 .
Informative Sites
TajimasD 0.691885 -1.47792

DISCUSSION

Babesiosis is well known tick borne disease that causes
enormouslossesto livestock sectorin Pakistan. In present
study microscopic examination indicated 33% rate of
prevalence in District Sialkot, Pakistan. Our results are in
agreement with the study reported (34%) from Southern
Punjab [15]. Other workers also reported prevalence of
Babesia from some areas of Pakistan. Prevalence of
Babesia in Kasur was reported 33.33% in 2008 [1]. From
Khyber Pakhtunkhawa 27.5% prevalence was reported by
PCR analysis and 9.83% by microscopic examination [16].
Anotherreport from Khyber Pakhtunkhawa showed overall
prevalence of 20.66% [17]. A report from Qadirabad
revealed 18% positive by microscopic examination while
29% were positive by PCR [18]. While from Malakamd
Agency lower prevalence was reported i.e., 12.49 % [19].
These variations in rate of prevalence can be attributed to
the differences in climatic zones and environmental
conditions of areas under study and rate of exposure to
vector ticks and breeds of animals. The animals which are
mostly at risk are exotic and their different breeds than
local animal breeds [20]. For molecular and phylogenetic
analysis 18S rRNA gene of B. bigemina was amplified as it is
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apartof functional core of ribosomesanditisalso exposed
to same selection pressure in every living organism [21].
Various studies have reported 18S rRNA gene as useful
marker for molecular detection of Babesiosis [12, 22-26].
Sequence analysis showed genetic variations between
samples from different hosts and even intra-specific
variations in case of cow. The bioinformatics analysis
revealed that samples of our study were also distinct from
sequences reported from other countries and Pakistan,
although, samples from cow showed close relationship
with China, Uganda and Iraq, from buffalo to other samples
of buffalo from Pakistan and sheep samples were not
closely related genetically to other samples. The B.
bigemina species with similar sequences having slight or
more variations correlates to increase geographical
distribution of this parasite species where it has potential
disease causing effect in Mammals[27]. Migration of hosts
between different areas and colonization of new areas has
potential effect on dynamics of parasite [28]. Seasonal
migrations and trade has an impact on diversity,
epidemiology and load of parasites [29]. Long distance
migration of host animals increases the risk of spread of
pathogenic organisms and facilitate their transmission.
When organisms invade new areas different traits and
environmental conditions affect their survival. The
mutation and adaptive radiations play their role which
makes organisms able to survive by adaptation and also
causes these species to diverge from their ancestral
species [30]. In present study four haplotypes were
recognized from 18S rRNA gene sequences from District
Sialkot, Pakistan while overall 16 haplotypes were
recognized fromanalysis of 18SrRNA gene sequences from
selected countries of world and current study. Presence of
haplotypes in 18S rRNA gene sequence of B. bigemina can
be attributed to the lack of bottleneck effect and unequal
rate of crossing over [31]. In addition to the prevalence of
emergent strains of B. bigemina in District Sialkot,
Pakistan, existence of haplotypes can also be attributed to
the pathogenicity of Babesia species and resistance of B.
bigeminaagainstimmune response of host[32, 33 ].

CONCLUSIONS

It can be concluded that this study provides insight into
molecular and phylogenetic analysis of B. bigemina to
assess the relationship between isolated strains and
previously reported strains. In District Sialkot, B. bigemina
was detected as dominant species responsible for
babesiosis which was confirmed by PCR and sequencing of
18S rRNA gene of B. bigemina. This study was helpful in
tracking babesiosis in district Sialkot, Pakistan.
Haplotyping has revealed the presence of genetic variants
amongdifferentand same host species.
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