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INTRODUCTION

Livestock is one of the most prospective sub sectors of 
agriculture in Bangladesh which plays an indispensi-

ble role in upholding human health and national economy 
of the country. Livestock not only assists to upgrade the 
financial condition but also makes substantial contribution 

to human nutrition. However livestock is an integral part 
of farming system which has a better contribution to en-
hance the economy of Bangladesh. The total contribution 
of livestock sub-sectors to gross domestic products (GDP) 
in Bangladesh is approximately 1.78% and in agricultur-
al products 13.3% (BBS, 2017). It also generates 13% of 
foreign currency and provides 20% fulltime employment 
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diseases were 9.33% in crossbred and 5.33% in local cattle, among these babesiosis, anaplasmosis were recorded 2.66% 
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was recorded in Bayezid (4.00%) followed by Jointika (2.66%) and Patia (1.33%). Among three seasons the highest 
prevalence of anaplasmosis was recorded 12.00% in crossbred cattle followed by 6.00% in local cattle in summer 
whereas babesiosis was highest in summer (4.00%) in crossbred cattle followed by 2.00% in local cattle. Prevalence 
of anaplasmosis increased significantly (P<0.05) with the increase of age in crossbred cattle. The highest prevalence 
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haemoprotozoan diseases were more common in female cattle, among these highest prevalence of anaplasmosis was 
recorded (6.11%) in female crossbred cattle and (4.00%) in local cattle, respectively. Positive samples were analyzed 
by PCR, where 9 samples were amplified among these 4 samples (1.33%) of Babesia spp and 5 samples (1.67%) of 
Anaplasma spp.
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and 50% partial employment of rural population (Khokon 
et al., 2017).Vector-borne diseases especially babesiosis, 
anaplasmosis and theileriosis is distributed worldwide. 
These diseases are considered as one of the major obstacle 
and burning veterinary problems in health and productive 
performance of cattle (Rajput et al., 2005; Kuttler, 2018). 
These diseases  causes devastating looses to livestock in-
dustry throughout the world (Ananda et al., 2009) as they 
have got a serious economic impact due to obvious reason 
of death, decreased productivity, declined working effi-
ciency and limits the introduction of genetically improved 
cattle in an area (Uilenberg, 1995). In Bangladesh 80% 
rural people rear indigenous cattle (Siddiki et al., 2009) 
and many people are dependable on dairy farming under 
the traditional husbandry practices. But the production 
and productivity of animals are greatly hampered by dif-
ferent diseases including haemoprotozoan diseases (Ngole 
et al., 2004). Cattle infected with haemoprotozoan diseases 
are difficult to detect because of the low numbers of par-
asites that occur in peripheral blood. However, diagnosis 
of low-level infections with the parasite is important for 
epidemiological studies (Fahrimal et al., 1992). PCR has 
proven to be very sensitive particular in detecting Babesia 
bovis and Babesia bigemina in cattle (Calder et al., 1996).
To overcome the economic losses early proper diagnosis of 
haemoprotozoan diseases are important in cattle. The pres-
ent study was aimed at the molecular detection of major 
important blood protozoa are Babesia spp, Theileria spp and 
Anaplasma spp by PCR technique for the early and accu-
rate diagnosis of  haemoprotozoan diseases in cattle and to 
differentiate Babesia spp and Anaplasma spp by using spe-
cies  primers and to study the epidemiological pattern of 
this disease in different agro-climate zones of Chittagong 
district under consideration of age, sex, breed, season for 
determination of prevalence of haemoprotozoan diseases 
in cattle.

MATERIALS AND METHODS

Study deSign
The study was conducted in topographically four differ-
ent areas of Chittagong district namely Jointika, Nasira-
bad, Bayezid and Patia. The study was undertaken for a 
period of 12 months starting from January’ 2014 to De-
cember’2014; where three seasons were included as sum-
mer (March to May), Rainy season ( June to August) and 
winter season (October to December). Crossbred and local 
cattle(Indigenous/ non descriptive/ Red Chittagong cat-
tle) were selected for this study as target animals.

experiMentAl lAyout
To determine the age and susceptibility for blood protozoa, 
cattle are categorized in the sub groups. The age limit for 
Holstein Friesian (HF) crossbred cattle was calf (≤1 year), 
young (>1–< 2.5 year) and adult (≥2.5years). In local cat-

tle, the age limit differs for calf (≤1 year), young (>1-3.5 
years) and adult (≥3.5 years) only. In each season, 50 HF 
crossbred cattle were considered where 51 adult, 36 young 
and 63 calves were taken from different areas of farms of 
Chittagong district. On the other hand, 50 indigenous cat-
tle were 72 adult, 36 young and 42 calves were taken from 
four different areas of Chittagong district. Samples were 
collected randomly in three consecutive seasons; summer 
(March to May), rainy ( June to August) and winter (Oc-
tober to December). A total 300 blood samples were col-
lected for this study.

SAMple ColleCtion And MiCroSCopiC 
exAMinAtion
A total 300 clinical cases of Cross bred and local cattle with 
clinical symptoms such as anorexia, pyrexia, pale mucous 
membrane were screened for haemoprotozoan parasites 
diseases. Approximately 3-5 ml blood sample was collected 
during this study from an individual animal from jugular 
vein using 10 ml disposable plastic syringe from each an-
imal and then preserved in BD Vacutainer® tube contain-
ing anticoagulant (Lithium Heparin).Then prepared thin 
blood smears were stained with the Giemsa stain for 25-30 
minutes. After rinsing with water, the stained blood smears 
were air dried and examined under a binocular microscope 
(×100) with immersion oil for the identification of blood 
protozoa, shown in Figure 1 and 2 (Hendrix and Robinsin, 
2006). 

Figure 1: Microscopic pictures of Anaplasma spp in thin 
blood smear (100x).

Figure 2: Microscopic picture of Babesia spp in thin blood 
smear (100x).
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Table 1: Primers were used for PCR amplification as per the details given in the following
Sl. No. Gene Primer name Sequences (5ʺ-3ʺ) Base pair (bp) Reference
1 18S 

rRNA
Bab- F GTTTCTGMCCCATCAGCTTGAC 422-440 Hilpertshauser et al. (2006)
Bab- R CAAGACAAAAGTCTGCTTGAAAC

2 16S 
rRNA

AE1-F AAGCTTAACACATGCAAGTCGAA 1406-1422 Kim et al. (2010)
AE1-R AGTCACTGACCCAACCTTAAATG

dnA extrACtion froM Blood SAMple
Total genomic DNA has been extracted from the whole 
blood samples by using PCI (Phenol, Chloroform and Is-
oamyl alcohol) method (Sambrooket al.,1989).

pCr deteCtion ASSAy for AnAplAsmA Spp
To detect the 16S rRNA of Anaplasma spp, PCR was con-
ducted from positive samples by using primer sets and PCR 
reaction mixture was performed using the commercially 
available Intron® PCR 2× master mix and primer (Table 1 
and 2). To identify the Anaplasma from DNA samples,16S 
rRNA gene amplifications were performed at the follow-
ing thermal conditions: 94°C for 5 min, followed by 40 
cycles of 94°C for 1 min, 59°C for 1 min, 72°C for 2 min 
and followed the final extension step at 72°C for 10 min.

pCr deteCtion ASSAy for BABesiA Spp
To detect the 18S rRNA of Babesia spp., PCR reaction 
mixture was performed using the commercially available 
Intron® PCR 2x master mix and primer (Table 1 and 2). 
Fragment size is 422-440bp and.18S rRNA gene ampli-
fications were performed at the following thermal condi-
tions 94°C for 3 min, followed by 40 cycles of 94°C for 30 
sec, 61°C for 30 sec, 72°C for 45 sec and followed the final 
extension step at 72°C for 10 min. 

Table 2: Composition of reaction mixture for PCR
Sl. No. Components Quantity Final concentra-

tion (20 µl)
1 Promega PCR 

master mix
10 µl

2 Forward Primer 
(10 pmole/µl)

1µl 10 pmole

3 Reverse Primer 
(10pmole/µl)

1 µl 10 pmole

4 Water 6 µl
5 DNA Template 2 µl
Grand Total volume 20 µl

gel doCuMentAtion
The 1.5% agarose gel was made by using 0.5 gm agarose 
powder and 50ml TAE buffer with ethidium bromide. The 
DNA amplicons were visualized using 4 μl of the final 
PCR product and 2 µl standard 100bp with DNA markers 
(Invitrogen®) at 120 V/100mA for 30 min. Positive or neg-
ative amplifications were evaluated as presence or absence 

of visible orange color bands on agarose gels under UV 
light (O’Dwyeret al., 2008). 

StAtiStiCAl AnAlySiS
The obtained data were analyzed by using Microsoft Ex-
cel-2007 to STATA/IC-11.0 software. Descriptive statis-
tics were expressed as proportion with confidence inter-
val. The result was expressed in percentage with p value 
for Chi-square test was used to evaluate the hypothesis for 
significant difference between the infection in different lo-
cations and cattle breed. P values less than 0.05 (P<0.05) 
was considered statistical significant.

Table 3: Overall prevalence of haemoprotozoan diseases 
on the basis of Microscopic examination

Haemoprotozoan
Diseases

Crossbred cattle
(n=150)

Local cattle
(n=150)

(%) 95% CI (%) 95% CI
Babesiosis 2.66 0.07-6.68 1.33 0.16-4.73

Anaplasmosis 6.00 2.78-11.08 3.33 1.07-7.6
Mixed infection 0.67 0.016-3.65 0.67 0.016-3.65
Overall 9.33 5.19-15.16 5.33 2.33-10.23

RESULTS

prevAlenCe of hAeMoprotoZoAn diSeASeS
The overall prevalence of haemoprotozoan diseases was 
9.33% (CI: 5.19-15.16) in crossbred and 5.33% (CI:2.33-
10.23) in local indigenous cattle. The overall prevalence 
was recorded in anaplasmosis which was 6.00% (CI: 2.78-
11.08) and 3.33% (CI: 1.07-7.6) for crossbred and local 
cattle, respectively (Table 3). Occurrence of babesiosis was 
2.66% (CI:0.07-6.68) in crossbred and 1.33% (CI: 0.16-
4.73) in local cattle. The highest prevalence of anaplasmosis 
was recorded 12.00% in crossbred cattle followed by 6.00% 
in local cattle in summer (Table 4). Frequency of babe-
siosis was highest in summer which was 4.00% in cross-
bred cattle followed by 2.00% in local cattle. Prevalence 
of Anaplasmosis and Babesiosis in local cattle was nega-
tive in winter season. It was also observed that prevalence 
of anaplasmosis increased significantly (P<0.05) with the 
increase of age in crossbred cattle (Table 5). The highest 
prevalence of anaplasmosis was 13.72% and 6.94% in adult 
crossbred and local cattle, respectively. It was also recorded 
that prevalence of babesiosis increased with the increase of 
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Table 4: Seasonal prevalence (%) of haemoprotozoan diseases
Haemoprotozoan diseases Crossbred cattle Local cattle

Seasons Seasons
Summer
(n=50)

Rainy
(n=50)

Winter
(n=50)

P
Value

Summer
(n=50)

Rainy
(n=50)

Winter
(n=50)

P
value

Babesiosis 4.00 2.00 2.00 0.36 2.00 2.00 0.00 0.60
Anaplasmosis 12.00 4.00 2.00 0.14 6.00 4.00 0.00 0.60
Mixed infection 0.00 2.00 0.00 0.36 2.00 0.00 0.00 0.37

Table 5: Age specific prevalence (%) of haemoprotozoan diseases
Haemoprotozon diseases Crossbred cattle Local cattle

Age Group Age Group
Calf
(n=63)

Young
(n=36)

Adult
(n=51)

P
value

Calf
(n=42)   

Young
(n=36)

Adult
(n=72)

P
value

Babesiosis 1.58 0.00 5.88 0.42 0.00 2.78 1.38 0.73
Anaplasmosis 1.59 2.78 13.72 0.016 0.00 0.00 6.94 0.12
Mixed infection 1.58 0.00 0.00 0.50 0.00 0.00 1.38 0.78

Table 6: Sex-specific prevalence (%) of haemoprotozoan diseases 
Haemoprotozoan diseases Crossbred cattle Local cattle

Male
(n=21)

Female
(n=131)

P
value

Male
(n=25)

Female
(n=125)

P
Value

Babesiosis 0.00 3.05 0.47 0.00 1.60 0.67
Anaplasmosis 4.76 6.11 0.43 0.00 4.00 0.39

Mixed infection 0.00 0.76 0.92 0.00 0.80 0.91

Table 7: Location specific prevalence (%) of haemoprotozoan diseases
Haemoprotozon diseases Nasirabad Patia Bayezid Jointika
Babesiosis 0 1.33 4 2.66
Anaplasmosis 2.67 9.33 4 2.67
Mixed infection 1.33 0 1.33 0

Table 8: Overall prevalence of haemoprotozoan diseases on the basis of PCR
Haemoprotozoan Diseases Crossbred cattle (n=150) Local cattle (n=150)

(%) 95% CI (%) 95% CI
Babesiosis 1.33 0.16-4.73 1.33 0.16-4.73 
Anaplasmosis 2.00 0.41-5.7 1.33 0.16-4.73 
Mixed infection 0.00 0.00 0.00 0.00
Overall 3.33 1.00-7.6 2.66 0.07-6.68

age. In this investigation, it was revealed that Female are 
more prone to haemoprotozoan diseases than male cattle. 
Higher prevalence of anaplasmosis was recorded in female 
crossbred cattle which was 6.11%, male crossbred cattle 
showed 4.76% and have not recorded babesiosis in local 
male cattle and prevalence of babesiosis was recorded in 
female local cattle which 1.60% (Table 6). In crossbred and 
local cattle, Anaplasmosis was consistently prevalent in all 
the study areas and babesiosis also prevalent all study areas 
except Nasirabad (Table 7). 

MoleCulAr identifiCAtion of hAeMoprotoZoAn 
diSeASeS
Microscopy detected a total 22 positives (7.33%) samples, 
14 samples for Anaplasma spp, 6 samples for Babesia and 2 
samples for mixed infections were identified, respectively 
which was confirmed in 9 samples (3.00%) by PCR tech-
nique by using 18s rRNA gene of Babesia and 16s rRNA 
gene of Anaplasma species (Table 8; Figure 3 and 4). Mi-
croscopy detected 13 (4.33%) showed negative result in 
PCR.
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Figure 3:  PCR products amplified using bab-F & bab-R 
specific primers. Lane M: 100 bp DNA ladder, lane N: 
negative control, lane: S74, S31, S7,S44 positive samples.

Figure 4: PCR products amplified using AE1-F & AE1-R 
specific primers. Lane M: 100 bp DNA ladder, lane N: 
Negative control, lane: S37, S52, S72, S4, S2 positive 
samples.

DISCUSSION

The overall prevalence of haemoprotozoan diseases was 
3.00% by PCR which Babesia spp (1.33%) was poorer than 
Terkawi et al. (2011) where overall prevalence of Babesia-
bovis and Babesia bigemina was 11.2% and 3.6% by PCR 
in Thailand. The overall prevalence of haemoprotozoan 
diseases in the present study on the basis of microscopic 
examination (7.33%), which were inferior than those of 
Kamani et al. (2010) and Khan et al. (2004), who recorded 
25.7% in North-Central Nigeria and 22.31% and 27.69% 
in Pakistan, respectively. Ananda et al. (2009) and Chow-
dhury et al. (2006) also documented higher prevalence of 
haemoprotozoan diseases in clinically susceptible cattle in 
India and Bangladesh, respectively. Lower prevalence of 
haemoprotozoan diseases in the present study might be 
due to random sampling, variation in geo-climatic condi-
tion, breed and exposure of vectors and age of the animals 
might contribute to variable prevalence of haemoprotozo-
an diseases in the study areas (Khan et al. 2004). It was 
observed that haemoprotozoan diseases occurred more in 

crossbred than local cattle which was partially consistent 
by the earlier reports of Soulsby (1982), who reported that 
exotic breeds (Bos taurus) showed more susceptibility to 
haemoprotozoan diseases than local breeds (Bos indicus).
Constant exposure of infections and development of im-
munity against such infections might responsible for lower 
prevalence in local cattle (Siddiki et al., 2009). On the con-
trary, more attention in the management of HF crossbred 
cattle give less chance of pre exposure of vectors and de-
velop no or less immunity resulting frequent occurrence of 
such diseases (Chowdhury et al., 2006).

The prevalence of Babesiosis of this study was related to 
the observation revealed by Siddiki et al. (2009); Chowd-
hury et al. (2006),who recorded 1%, 3.3% and 2.29% infec-
tions, respectively in different areas of Bangladesh. How-
ever, the prevalence of Babesiosis in local cattle was lower 
than those of Kalkan et al. (2010); Khan et al. (2004) and 
Savini et al. (1999), who recorded 5.83% in Turkey, 5.5% in 
Pakistan and 4.95% in Italy, respectively. The overall prev-
alence of Babesiosis in this investigation was poorer with 
the earlier report of Alim et al. (2012) who recorded 7.14% 
in indigenous cattle and 9.25 % in cross breed cattle in 
Chittagong. The overall lower prevalence of Babesiosis of 
the current study which might be due to variation of study 
areas or unavailability of tick vectors.

Prevalence of anaplasmosis of this study was advanced with 
the reports of Siddiki et al. (2009) and consistence with the 
reports Samad et al. (1989), who recorded 3% and 5.93% 
in different areas of Bangladesh. Higher prevalence of An-
aplasmosis was clarified as endemicity of such diseases in 
those areas. The occurrence of haemoprotozoan diseases 
vary greatly according to seasons. Observation of summer 
season of this research was in accordance with the report of 
Ananda et al. (2009). In the present study, it was observed 
that haemoprotozoan diseases occurred more in summer 
season. The highest prevalence of Anaplasmosis was re-
corded 12.00% in crossbred cattle followed by 6.00% in 
local cattle in summer. Frequency of babesiosis was highest 
in summer which was 4.00% in crossbred cattle followed 
by 2.00% in local cattle. Lower temperature and humidity 
of winter months were less favorable for the growth and 
multiplication of tick vectors which might contribute to 
lower frequency of such diseases in the study population 
(Zahid et al., 2005).

Age also inspirations the occurrence of haemoprotozoan 
diseases. In the current study, higher susceptibility of adult 
cattle to haemoprotozoan diseases were found consistent 
with the findings of of Khan et al. (2004), who reported 
highest prevalence in animals aged more than 3 years fol-
lowed by the lowest prevalence in less than 1 year of age. 
Ananda et al. (2009) also documented higher prevalence 
in animals aged more than 3 years followed by the lower 
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prevalence in 1-2 years of age. Observation of this study 
also supported by the findings of Khan et al. (2004) and 
Kamani et al. (2010), who observed higher prevalence in 
adult cattle (36.3%) than young-stock (30.76%). 

In the current study, higher prevalence of Anaplasmosis 
in adult followed by young cattle was in accordance with 
the reports of Chakraborti (2002). The earlier research-
ers reported that calves up to 9 months or even 1 year of 
age usually showed no clinical illness whereas cattle 1 to 
2 years or above 3 years of age may develop acute or fa-
tal form of disease. Observation of this study also showed 
consistence with the findings of Chowdhury et al. (2006) 
and Chakraborti (2002), who observed comparatively 
higher prevalence in adult than calves. 

Femininity of animals also has influences in the occurrence 
of haemoprotozoan diseases. The prevalence of such dis-
ease in female animals of this study showed consistency 
with the observation of Kamani et al. (2010), who recorded 
comparatively higher prevalence in female than male cattle 
in Nigeria. In this study, higher prevalence in female cattle 
might be due to stress condition as they were kept longer 
period for breeding and milk production purpose or sup-
plied imbalance diet against their high demand (Kamani 
et al., 2010). 

Microscopy detected a total of 22 positives (7.33%) sam-
ples which was confirmed in 9 samples (3.00%) by PCR 
technique. Fahrimal et al. (1992) who studied the carrier 
cattle infected with Babesia spp by using PCR amplifica-
tion of a portion of gene from the parasite. Hermans et 
al. (1994) in Costa Ricaw here they assessed the infection 
of Babesia which transmitted from the ticks by the use of 
PCR analysis. Serological methods are employed in diag-
nosing subclinical infections in epidemiological studies, 
but false-positive and false negative results may be done 
due to cross-reactions or weakening of specific immune 
responses. They serve as reservoirs of infection for ticks 
and cause natural transmission of the disease (Calder et 
al., 1996).

CONCLUSION

Haemoprotozoan diseases were strongly associated with 
age of animals, cattle of any age could be affected by haem-
oprotozoan diseases but inverse age resistance was noticed 
in the occurrence of babesiosis where crossbred cattle were 
more susceptible than local. Babesiosis and Anaplasmosis 
were predominant diseases in the study areas. Frequency of 
blood protozoan infections increased with weather change 
where summer season was found most vulnerable. Finally, 
molecular identification of haemoprotozoan diseases by 
PCR technique for the early and accurate diagnosis of hae-
moprotozoan diseases in cattle and to differentiate Babesia 

spp and Anaplasma spp by using species primers for taking 
further control strategies in the study areas.
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