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ABSTRACT
Report of the burden of bovine anaplasmosis is common in different areas of Bangladesh, including Sylhet
district. However, epidemiological parameters of this disease are not well understood. This study aimed to
conduct a cross-sectional study to investigate the prevalence and determinants of bovine anaplasmosis. The
present study investigated a total of randomly selected 409 cattle of 64 farms from 12 subdistricts (upzilla) of
Sylhet District. Microscopic examination of Giemsa’s stained thin blood smears was used to identify anaplasma
infected cattle. Information on determinants was collected from farm record books and by interviewing farm
owners. Prevalence was calculated as a proportion of infected cattle in a total number of cattle tested. A
multivariable logistic regression model was used determine the association of hypothesized determinants with
positivity for bovine anaplasmosis. Microscopic examination of thin blood smear identified two species of
Anaplasma - namely, Anaplasma marginale, and Anaplasma centrale. The overall prevalence of bovine
anaplasmosis was 22.74% (95% CI: 18.66 - 26.82). Prevalence of Anaplasma marginale and Anaplasma
centrale were 12.71%; 95% (95% CI: 9.47 -15.96) and 6.60% (95% CI: 1.23 - 4.18) respectively. Rest, 3.42%
(95% CI: 1.65%-5.19%) of the cattle found coinfected with Anaplasma marginale and Anaplasma centrale.
Though age, breed, sex and tick infestation were considered plausible, only breed (p=0.02) was significantly
associated with positivity for bovine anaplasmosis. Odd of overall bovine anaplasmosis was higher in local
indigenous cattle than crossbred (OR = 1.98; 95% CI: 1.09 - 3.61). Study results indicate that burden of bovine
anaplasmosis is apparently high in Sylhet district. A further investigation with molecular and serological
techniques will provide a clearer scenario of disease burden. Besides identification of the carriers and vectors of
bovine anaplasmosis is also necessary.
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Rhipicephalus (Boophilus) microplus ticks are the
principal transmitting vectors of Anaplasma
marginale in many countries [1], but nineteen
different tick species are capable of transmitting this
organism. Several hematophagous diptera like
Stomoxys calcitrans, Haematobia irritans and
Tabanus spp. act as mechanical vectors for
transmission of Anaplasma marginale [2, 7].
Iatrogenic transmission may occur through bloodcontaminated fomites, including needles, ear tagging,
dehorning and castration instruments [2, 7]. Bovine
anaplasmosis may occur in cattle of any age;
however, clinical disease is more common in cattle
older than one year of age [2]. Furthermore, various
factors including age, sex, breed, tick density,
season, geographical area and herd management
have been reported as the determinants of bovine
anaplasmosis in several studies [8, 9].
An earlier study reported that hot and humid climate
favors the development of tick, thus, contributes to
the disease dynamics of bovine anaplasmosis [10].
Bangladesh also possesses a moderately hot and
humid climate and hence, the presence of Boophilus
ticks and the organisms of bovine anaplasmosis are

INTRODUCTION
Anaplasmosis is an arthropod-borne haemorickettsial disease of cattle, and other ruminants
caused by the intra-erythrocytic organism of genus
Anaplasma belongs to the Family Anaplasmataceae
(Order Rickettsiales). Anaplasma marginale and
Anaplasma centrale cause bovine anaplasmosis, but
Anaplasma marginale regarded as most pathogenic
species [1]. Bovine anaplasmosis has a worldwide
distribution but is endemic in tropical and subtropical
countries [2]. Reports are available from countries of
Asian subcontinent - namely, Pakistan, India and
Bangladesh [3, 4, 5, 6]. Bovine anaplasmosis usually
causes sub-acute or chronic disease; however, an
acute form of the disease is not uncommon.
Characteristics of acute anaplasmosis are fever,
progressive hemolytic anemia, weight loss, abortion
and even death [2, 7]. After the first infection, cattle
remain persistently infected carriers and serve as a
reservoir [2, 7]. Anaplasma centrale used for the
preparation of live vaccine strains due to its
protective characteristics against Anaplasma
marginale infection [2].
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anticipated for Bangladesh. Several studies revealed
that bovine anaplasmosis is prevalent in different
areas of Bangladesh. In Sirajganj district recorded
prevalences of bovine anaplasmosis were 33%, 70%,
and 25.82% [11, 12, 13]. From Chittagong and Rangpur
district, recorded prevalence of anaplasmosis in
cattle was 16.18% and 3.5% respectively [3, 14] .
The topography of Sylhet district was much
diversified. This area comprises plane, semi-hilly and
hilly areas. The previous researchers rarely focused
investigations for bovine anaplasmosis in Sylhet
district, especially in hilly and semi-hilly areas. On
the other hand, the climatic condition and
geographical location of the areas might favor the
growth and multiplication of different vectors. Thus,
the epidemiological indices like prevalence,
distribution,
and
determinants
of
bovine
anaplasmosis in Sylhet needs to reveal. Knowledge
on such epidemiological indices is critical for
planning targeted surveillance and control measures
[7]
. In the absence of adequate control measures, this
disease may cause a severe economic impact on
cattle production through abortion, decreased
productivity, lowered draft power, mortality and
increased cost for control measures [15, 16]. Thus, the
overall aim of this study was to determine the
prevalence and to identify the plausible determinants
of bovine anaplasmosis in Sylhet district.

selected for this study. Farms were chosen randomly
from the lists obtained from the local upazilla
livestock offices. The number of samples collected
for prevalence estimation was based on the
conservative assumption that prevalence of bovine
anaplasmosis is 50% (due to the lack of reliable prior
information) and corresponding desired precision of
5%. Based on the assumption made, estimated
sample size for prevalence estimation was 384.
However, we collected samples from 409 cattle
considering intracluster correlation.
Three thin blood smears from each selected cattle
were prepared, using blood from ear veins, on
labeled clean, grease-free glass slides following the
procedure described elsewhere [7]. Prepared slides
were air dried and immediately fixed with absolute
methanol for one minute. The methanol fixed glass
slides were shifted to the Microbiology Laboratory
of Sylhet Agricultural University (SAU), Sylhet and
subsequently stained with Giemsa’s stain. Fifty fields
from each stained smear were examined under
trinocular photomicroscope at X 100 magnification
for identification of Anaplasma spp. The Anaplasma
organisms were identified by their morphological
characteristics described in OIE publications [18]. We
considered an animal positive for bovine anaplasma
if two of three stained blood smears contained
Anaplasma organism(s). Prevalence with 95%
confidence interval was estimated using the Proc
SURVEYFREQ command in SAS version 9.4.
A multivariable logistic regression model was used
determine the association of hypothesized
determinants with positivity for bovine anaplasmosis.
Cattle found positive for bovine anaplasmosis in the
microscopic examination of stained thin smear were
considered as the case, and controls were randomly
selected from cattle tested negative for anaplasmosis
following 1:1 case and control ratio. Information on
determinants was obtained from farm record books
and by interviewing farm owners using a
questionnaire. Age, breed, sex and tick infestation
were
considered
plausible
determinants.
Microscopic examination results and determinants
information were initially entered into Microsoft
Excel spreadsheet and coded for analysis.
In univariable analysis, Chi-square (χ2) test and
univariable odds ratios were applied to test
relationships between Anaplasma infection and
plausible determinants. Correlation among the
explanatory
variables
was
checked
for
multicollinearity. Explanatory variables with pvalues less than 0.20 in univariable analyses were
entered in the multivariable logistic regression
analysis. In multivariable analysis, a backward
elimination procedure was used. All biologically
meaningful interactions were also checked. The
confounding effect of two explanatory variables was
also evaluated. The likelihood ratio test assessed the
statistical significance of the explanatory variables
and an explanatory variable with a p-value less than
0.05 was considered to be statistically significant.
Regression coefficients and corresponding 95%
confidence intervals were converted into odds ratios

MATERIALS AND METHODS
A cross-sectional study was conducted from October
2014 - May 2015 in 64 cattle farms of 12 subdistricts
(upzillas) of Sylhet district - namely, Sylhet Sadar,
South Surma, Fenchuganj, Biswanath, Balaganj,
Kanaighat, Jaintapur, Gowainghat, Companiganj,
Golapganj, Beanibazar, and Zakiganj (Fig. 1). From

Fig. 1: Geographical distribution of 64 cattle
farms selected for estimation of prevalence and
determinants of bovine anaplasmosis in Sylhet
district of Bangladesh.
each subdistrict at least five farms having minimum
ten cattle and from each farm at least five cattle were
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by exponentiating (eβ) them. The Akaike’s
information criteria (AIC) values of the models were
used to assess the goodness-of-fit of the models. Proc
FREQ and Proc LOGISTIC commands in SAS 9.4
were used for univariable and multivariate analyses
respectively.

1.65%-5.19%) of the cattle found coinfected with
Anaplasma marginale and Anaplasma centrale.
Bovine anaplasmosis was prevalent in all upazillas of
Sylhet district. Among the upazillas the highest
prevalence (50%) was observed at Jaintapur and
lowest (3.70%) at Golapganj (Fig. 2a). Prevalence of
Anaplasma marginale infection was highest
(30.77%) again in Jaintapur and lowest (5.41%) in
Kanaighat (Fig. 2b). On the other hand, the
prevalence of Anaplasma centrale infection was
highest (16.00%) at South Surma and lowest (2.50%)
at Zokiganj (Fig. 2c).

RESULTS
At least one organism of Anaplasma spp. was
identified in 93 out of 409 collected blood samples.
Thus, the overall prevalence of bovine anaplasmosis
in Sylhet district was 22.74 % (95% CI: 18.66% 26.82%.). The overall prevalence of anaplasmosis
was significantly higher in local indigenous cattle

Table 1: Prevalence of overall anaplasmosis in cattle at Sylhet district of Bangladesh.
Variables

No of animal
tested (%)

No of animal
positive (%)

Prevalence (%) (95%
Confidence Interval)

Overall
Age

409 (100.00)

93 (100.00)

22.74 (18.66 - 26.82 )

Younger (≤2 years)
Older (>2 years)

Pvalue
0.82

176
233

41
52

23.30 (16.99-29.60)
22.32 (16.93-27.70)

Breed
Cross
Local

174
235

29
64

16.67 (11.07-22.26)
27.23 (21.50- 32.97)

Gender
Male
Female

87
322

20
73

22.99 (13.97- 32.01)
22.67 (18.07- 27.27)

Tick infested
Yes
No

188
221

49
44

26.06 (19.73- 32.40)
19.91 (14.60- 25.22)

0.01

0.95

0.14

Table 2: Final model of multivariable logistic regression analysis of plausible determinants of overall bovine
anaplasmosis in individual cattle at Sylhet district of Bangladesh.
Variables

OR (95% Confidence Interval)

Breed
Local indigenous
Crossbred

p-value
0.02

1.98 (1.09-3.61)
1

than crossbred cattle (Table 1). However, no
significant differences in prevalences were observed
between male and female, older and younger cattle
and between cattle with or without tick infestation.
Out of these 93 infected cattle, 52 were infected only
with Anaplasma marginale, and 27 with only
Aanaplasma centrale. Rest, 14 cattle were found
coinfected with both Anaplasma marginale and
Aanaplasma centrale. Hence, prevalence of
Anaplasma marginale and Anaplasma centrale were
12.71% (95% CI: 9.47 -15.96) and 6.60% (95% CI:
1.23 - 4.18) respectively. Rest, 3.42% (95% CI:

As 93 out of 409 blood samples contained at least
one species of Anaplasma organism, they were
considered as the case for determinant analysis.
Thus, 93 controls were randomly selected from the
cluster of 316 infection free cattle to maintain the 1:1
case and control ratio. Therefore, information of 186
cattle was used in this analysis. Univariable analysis
using chi-square (χ2) test revealed that only breed
was
significantly
associated
with
bovine
anaplasmosis in individual cattle of Sylhet district
(Table 2). Variables with p-values less than 0.20
were entered in multivariable analysis. Hence, two
variables were included in the multivariable analysis.
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Fig 2: Geographical distribution of prevalence of a) overall bovine anaplasmosis, b) bovine anaplasmosis caused
by Anaplasma marginale and c) bovine anaplasmosis caused by Anaplasma centrale in different upazilas
(subdistrict) of Sylhet district of Bangladesh.

2 (b)

2 (a)

2 (c)
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In the final multivariable logistic regression model
with backward elimination only breed was retained
as the significant variable with p<0.05. Results of the
final multivariable logistic regression model were
presented in Table 2.
.

DISCUSSION
This study confirms 22.74% overall prevalence of
bovine anaplasmosis at individual cattle level in
Sylhet District of Bangladesh. This outcome was not
surprising as bovine anaplasmosis is considered as
one of the most prevailing and frequently occurring
haemo-rickettsial disease worldwide and its
prevalence may rise to 70% in cattle [12]. This
prevalence is lower than the previous study
prevalence that reported [18] from the same study
area. However, previous reporter included clinically
suspected animals with high fever and nonresponsive to antibiotic therapy. Moreover, study
period of this study included mostly the winter
seasons. It has been documented that prevalence of
bovine anaplasmosis remains relatively low in winter
[13]
.
Contrary to the prevalence reported in this study a
higher prevalence was reported earlier in Sirajganj
[11, 12]
and a lower prevalence from Chittagong [3] and
Rangpur [19]. Geo-ecological differences that govern
vector abundance could explain the differences in
prevalence estimates in the different region. Sylhet
district is topographically a hilly area with high
rainfall. Furthermore, most cattle in this area are
raised in the traditional semi-intensive system where
animals are grazed on damp marshy grazing land.
The husbandry system might contribute to high tick
burden in this area compared to other parts of
Bangladesh. Prevalence estimates reported from the
other tropical and neighboring subtropical countries
like India and Pakistan were similar but not the same
to the prevalence estimate of this present study [6, 20].
The present study identified two Anaplasma spp.
from the collected samples - namely, Anaplasma
marginale and Anaplasma centrale. Chowdhury et
al. (2006) Same two species of Anaplasma from
cattle also identified previously from Sirajganj [12].
However, from India [21] and from USA [22] more
species of Anaplasma were reported than the present
studies. On the other hand, number of Anaplasma
species reported from India [6] and also from Pakistan
[20]
were less than the species recorded in the present
study. These indicate that number of Anaplasma
species present varies globally and might probably
depend on geo-climatic, management and husbandry
variations. Anaplasma marginale was the most
prevalent (12.71%) among the species recorded in
the cattle blood samples followed by A. centrale
(6.60%). These estimates agreed with the findings
reported from previous study [19]. Anaplasma
marginale is considered as the most prevailing
pathogenic species among all available Anaplasma
species throughout the world [23]. This outcome

confirms that pathogenic species of Anaplasma was
present in the study area and might produce clinical
anaplasmosis which remained undiagnosed or
misdiagnosed as other diseases.
The result of this study indicates that local
indigenous cattle are more susceptible to bovine
anaplasmosis than the crossbred cattle. Variation in
the prevalences among cattle breeds for anaplasmosis
has been reported from other parts of the country [12,
13]
. Local cattle are reared in the free-range system,
and their grazing in the pasture land allows them to
get highly exposed to ticks and subsequently higher
burden of Anplasma infection. Contrary, crossbred
cattle are reared in the intensive farming system.
Relatively less exposure to the vector due to
intensive housing system and well management
might be the cause of the lower prevalence of
anaplasmosis in crossbreed in study areas.
The study used a simple random sampling and
covered all subdistricts of Sylhet district to make the
selected samples representative part to the total cattle
population of Sylhet. It was assumed that the tests
used for defining cattle infected or free of
anaplasmosis had 100% sensitivity and specificity.
Thus, the prevalence estimates obtained from this
study were the apparent prevalence estimates not the
true estimates. It should be noted that the blood
smear test does not provide the true infection status
of an animal if they were healthy [14]. However, this
is the most common and widely accepted methods of
describing the burden of bovine anaplasmosis in
developing countries including Bangladesh. Thus,
the results of this study need careful interpretation,
and a further investigation with molecular and
serological techniques will provide a clearer scenario
of disease burden.
The present study provides baseline information on
prevalence and determinants of bovine anaplasmosis
in Sylhet district of Bangladesh. The study concludes
that bovine anaplasmosis is highly prevalent in cattle
population of Sylhet district in Bangladesh. Among
identified two Anaplasma species, Anaplasma
marginale was more pathogenic and had relatively
higher prevalence than Aanplasma centrale. It was
revealed that local cattle were likely to have more
infection than crossbred cattle. Although present
study explores prevalence and determinants, further
epidemiological investigation on other ecological
and environmental factors, economic analysis of the
effect of the disease needed to investigate the
complete epidemiology and ecology of bovine
anaplasmosis.
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