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Abstract Bovine anaplasmosis is one of the most impor-

tant tick borne disease in ruminants causing huge economic

loss to the dairy industry. A cross-sectional study was

carried out to detect serum antibodies to Anaplasma

infection in cattle and buffaloes housed in 14 organized

herds located at various climatic zones spreading over 9

different states in India. A total of 911 serum samples,

collected from 667 cattle and 244 buffaloes, were subjected

to a competitive enzyme linked immune-sorbent assay

detecting an epitope of major surface protein 5 (MSP5) of

Anaplasma. The overall true prevalence was 48.72% (95%

CI 45.13–52.32%). The prevalence rate was higher in cattle

(51.58%) than buffaloes (40.89%) and the difference was

statistically significant (p\ 0.05). Indigenous cattle

(59.30%) showed higher seropositivity than crossbreed

(57.16%) and exotic cattle breeds (42.28%). Although

statistically not significant, female (52.37%) showed higher

seropositivity than male (46.43%). Similarly, significant

difference in prevalence (p\ 0.05) was observed for ani-

mals reared in different climatic zones with highest

prevalence recorded in arid zone (90.49%) and lowest in

semi-arid zone (29.83%). Very wide variation in preva-

lence (9.95–100%) was recorded between farms. The pre-

sent study indicates endemicity of Anaplasma in India,

similar to other tropical and sub-tropical countries of the

world. Endemic instability was recorded in some of the

studied farms suggesting possibility of outbreak of new

clinical cases resulting in economic loss. Therefore, suit-

able policies and procedures for prevention and control of

Anaplasma infection should be adopted in these farms.
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Introduction

Bovine anaplasmosis, primarily caused by Anaplasma

marginale, is considered as one of the most important tick-

borne disease in ruminants, especially in tropical and sub-

tropical regions (Kocan et al. 2003; M’ghirbi et al. 2016;

Maharana et al. 2016a). The organism is an Gram negative

obligate intraerythrocytic rickettsial pathogen causing

fever, anaemia, jaundice, anorexia, depression, weight loss,

reduction in milk production, sporadic abortion and

sometimes death during acute infection (Aubry and Geale

2011, Howden et al. 2010). However, the severity of the

clinical signs varies considerably from asymptomatic to

death of animals depending upon the species and the age of

the infected animals with cattle infected as adult showing

most severe clinical signs (Aubry and Geale 2011; Howden

et al. 2010). The infected animals after recovery, become

persistent carriers of the pathogen and play an important

role in the epidemiology of the disease (M’ghirbi et al.

2016).

In India, it is one of the economically important disease

affecting ruminants and the economic loss combined due to

Babesiosis and Anaplasmosis has been estimated to be $

57 million (Nair et al. 2013). However, the significance of

the disease in endemic areas is underestimated owing to

seasonal outbreaks and stable infection rates (M’ghirbi
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et al. 2016). The Anaplasma are transmitted by many

species of ticks, predominantly by the genus Rhipicephalus

(Tembue et al. 2011; Uilenberg 1995). The Anaplasma can

also be transmitted mechanically by hematophagus

arthropods (Kocan et al. 2003; Tembue et al. 2011). Fur-

ther, iatrogenic transmission through blood contaminated

fomites such as exposure to contaminated ear tagging,

dehorning, castration instrument and needles has been

reported to be important in the transmission of the organ-

ism in the farm (Morley and Hugh-Jones 1989; Oliveira

et al. 2011; Tembue et al. 2011).

Following primary infection, the recovered animal

usually becomes lifelong carrier. Diagnosis of carrier status

is important for implementation of appropriate control

measures. However, very few systematic study has been

carried out in India on this neglected disease and most of

them either used Giemsa staining method which cannot

detect carrier status of the animals or molecular technique

such as PCR method, but the sample size is low (Kumar

et al. 2015; Sharma et al. 2015b; Maharana et al. 2016b;

Ganguly et al. 2017, 2018, 2020). The aim of this cross-

sectional study was to estimate the prevalence of the dis-

eases in various organized herds as such information is

required to assess the level of herd immunity to the disease,

to know the enzootic stability of the disease which is

necessary for implementation of disease control/ preven-

tion measures in the farm (Gioia et al. 2018; Urdaz-Ro-

driguez et al. 2009; Paramanandham et al. 2019).

Materials and methods

Study design and sampling

For this study, the serum samples available in the NDDB

R&D laboratory, Hyderabad (frozen at - 20 �C) were

used. These serum samples were submitted by the orga-

nized farms for the periodic whole herd screening of ani-

mals for diagnosis of brucellosis and infectious bovine

rhinotracheitis. In this cross-sectional study, 14 organized

herds located at different parts of the country, India were

selected. The sample size for the study was determined

considering expected disease prevalence of 50%, accept-

able error of 5%, a confidence level of 95%, desired sen-

sitivity and specificity of test method to be 95% using

epitools (http://epitools.ausvet.com.au) (Humphry et al.

2004; Sergeant 2017). As wide variation on prevalence of

anaplasmasis has been reported in literature, 50% expected

prevalence was used to get maximum sample size. Using

the above specified inputs, the sample size required for the

study was 475. In order to compensate the location varia-

tion and cluster effects, the sample size was increased by

50% and this leads to 713. The number of animals from

each farm was determined by using the epitool epidemio-

logical calculator for calculation of sample size to achieve

specified herd level sensitivity (Sergeant 2017). In this

calculation, the inputs were design prevalence 50%, test

sensitivity 95%, population sensitivity and the population

(herd) size of individual farm. After the required number of

animals to be screened from each farm was determined, the

individual animals to be screened for the study were

selected by simple random sampling method using epitool

epidemiological calculator (Sergeant 2017).

In this study, a total of 911 animals were screened for

detection of serum antibodies to Anaplasma marginale.

The sampled population contained more cattle (73.2%)

than buffaloes (26.8%). In cattle population, the indigenous

cattle (16.04%) were sampled less than the cross-breeds

(41.08%) and imported breeds (42.87%). Further, the

sampled population contained more male (61.5%) than

female (38.5%).

Sample analysis

The serum samples were screened for presence of anti-

bodies to Anaplasma species by using a commercially

available competitive ELISA test (VMRD, USA). This test

detects antibodies raised against an epitope of the major

surface protein 5 (MSP5). The test was performed as per

manufacturer’s instruction. Briefly, 50 lL of the serum

samples and the controls were added to the antigen coated

ELISA plate and the plate was incubated for one hour at

room temperature. After incubation, the plate was washed

two times with wash buffer and 50 lL of conjugate

(horseradish peroxidase (HRP)-labelled monoclonal anti-

body) was added to the test plate. Following 20 min of

incubation the plate was washed four times with the wash

buffer. Then 50 lL of substrate solution was added to test

wells and incubated for 20 min at room temperature. After

the incubation time 50 lL of stop solution was added and

the optical density (OD) was measured in an ELISA reader

(Tecan) at 650 nm. The percentage of inhibition (PI) was

calculated for each sample as follows: PI = 100

[1 - (sample OD 7 negative control OD)]. Test samples

with PI value greater than or equal to 30% were considered

positive and others having PI less than 30% were consid-

ered negative. The test procedure was considered proper if

the mean OD of the negative control have OD value 1 to 2

and if the positive control have PI less than 30. The

reported sensitivity and specificity of the kit is 96% and

95.2% respectively (Hairgrove et al. 2014; Seo et al. 2018;

Torioni De Echaide et al. 1998).
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Statistical analysis

The Chi-square test or Fisher’s exact test were used to

compare the prevalence results for species, breed, sex,

agro-climatic region and farm. The difference is considered

significant if the p value is less than 0.05. The calculations

were performed using SPSS software (version 16). The

apparent and true value was calculated by considering the

imperfect test method with 96% sensitivity and 95.2%

specificity by using online statistical software (epitools)

(Sergeant 2017).

Results

Test results of 911 samples indicate the overall true sero-

prevalence of 48.72% and varies from 9.95–100% between

farms (Table 1). The prevalence in cattle was 51.58%

(95% CI 47.37–55.78%) whereas in buffaloes it was

40.89% (95% CI 34.21–47.86%) (Table 2). The analysis of

the results on gender basis revealed female are more

seropositive (52.37%, 95% CI 46.57–58.12%) than male

(46.43%, 95% CI 41.88–51.03%) (Table 2). Sorting of

results by cattle breed type revealed highest seropositivity

in indigenous cattle (59.30%, 95% CI 48.91–69.01%) fol-

lowed by cross-breeds (57.16%, 95% CI 50.67–63.44%)

and imported breeds (42.28%, 95% CI 36.12–48.63%)

(Table 2).

Discussion

In the present study, the overall true seropositivity detected

in this study was 48.72% which is lower than those

reported in Texas, USA (Hairgrove et al. 2015), Galapogas

Island (90%) (Gioia et al. 2018). However, lower preva-

lence than this study has also been reported from many

parts of the world viz., Philippines (19.8%) (Ybanez et al.

2014), Tunisia (24.7%) (M’ghirbi et al. 2016). Although

very scanty information is available in India, both higher

(73.1%) (Singh et al. 2012) and lower prevalence (36.8%)

(Sharma et al. 2015b) than this present study has been

reported. In India, vaccination for control of bovine

anaplasmosis is not practised and therefore, the seroposi-

tivity recorded in the study could be due to exposure to the

Anaplasma species (Paramanandham et al. 2019). Further,

to rule out the possibility of detection of maternal antibody

in the serological assay, cattle and buffaloes above one

year age were included in the study.

In this study, cELISA test targeting MSP5 antigen of

Anaplasma marginale was used. This kit is considered to

be most reliable screening test for diagnosis of

Table 1 Prevalence of antibodies to Anaplasma in different farms of India

Farm sl.

no.

State Climatic zone (Koppen classification

system)

No. of samples

tested

Apparent prevalence True prevalence

%

positivity

95% CI %

positivity

95% CI

Farm 1 Uttar Pradesh Humid sub-tropical 90 34.44 25.45–44.72 32.72 22.72–44.13

Farm 2 Andhra

Pradesh

Tropical wet and dry 29 62.07 44.00–77.31 63.41 43.34–80.35

Farm 3 Andhra

Pradesh

Tropical wet and dry 44 61.36 46.62–74.28 62.63 46.25–76.98

Farm 4 Tamil Nadu Tropical wet and dry 55 43.64 31.37–56.73 42.93 29.30–57.48

Farm 5 Gujarat Semi-arid 68 36.76 26.30–48.64 35.29 23.67–48.49

Farm 6 Maharashtra Tropical wet and dry 71 63.38 51.76–73.63 64.87 51.95–76.26

Farm 7 Chhattisgarh Humid sub-tropical 48 47.92 34.47–61.67 47.69 32.75–62.97

Farm 8 Gujarat Arid 59 86.44 75.46–92.97 90.49 78.29–97.74

Farm 9 Telangana Tropical wet and dry 124 40.32 32.11–49.12 39.25 30.12–49.02

Farm 10 Haryana Semi-arid 30 40.00 24.59–57.68 38.89 21.77–58.53

Farm 11 Gujarat Semi-arid 86 13.95 08.17–22.82 9.95 03.52–19.80

Farm 12 Gujarat Semi-arid 86 20.93 13.67–30.68 17.70 09.63–28.53

Farm 13 Telangana Semi-arid 44 75.00 60.56–85.43 77.78 61.73–89.36

Farm 14 Uttarakhand Humid sub-tropical 77 98.70 93.00–99.77 100.0 97.78–100.0

– Total – 911 48.85 45.61–52.09 48.72 45.13–52.32
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anaplasmosis (Knowles et al. 1996). USDA has approved

this test for use in cattle (Dreher et al. 2005) and OIE also

has suggested this test method for prevalence of infection/

surveillance purpose (OIE 2015). It has been demonstrated

that, the test can detect antibodies to A. marginale early

during acute anaplasmaosis cases as well as during long-

term persistence cases (Knowles et al. 1996). The speci-

ficity was found to be 100% (99% CI 98–100%) in sera

collected in uninfected animals of non-endemic region

(Knowle et al. 1996). The validation studies of the test

method has revealed a sensitivity of 96% and specificity of

95% for diagnosis of anaplasmosis in cattle in endemic

regions (Torini de Echaide et al. 1998). Fosgate et al.

(2010) evaluated the diagnostic accuracy of MSP-5

cELISA, qPCR and card test in detection of A. marginale

infection in dairy cattle of Puerto Rico and reported very

high (99%) sensitivity of the cELISA test and suggested it

as an appropriate screening test in detection of carrier

animals.

The MSP5 is a 19 kDa surface protein and is highly

considered among Anaplasma species (Visser et al. 1992;

Torini de Echaide 1998). This cELISA test uses recombi-

nant MSP5 (rMSP5) fused to maltose binding protein

(MBP) as antigen and is detected by the monoclonal anti-

body AnaF16C1 as conjugate (Visser et al. 1992; Knowles

et al. 1996). The cELISA test is based on the inhibition of

Mab binding to rMSP5 by the test serum antibodies.

However, as the MSP5 is a highly conserved protein

among Anaplasma species and the epitope recognized by

the mAb is common among Anaplasma species, so the

cELISA test can detect antibodies to A. bovis, A. centrale

and A. phagocylaphilium in addition to the targeted A.

marginale strains (Knowles et al. 1996; Dreher et al. 2005).

A negative test result suggest absence of A. marginale

infection although the possibility of new infection or a

transient period of very low A. marginale load cannot be

ruled out especially in endemic setting (Dreher et al. 2005).

A positive serological result implies the animal has

developed antibodies to either A. marginale or the other

cross-reactive pathogen viz., A. centrale or A. bovis or A.

phagocytophlum. Of these cross-reactivity agents, A. cen-

trale is a less pathogenic organism whereas A. ovis is a

pathogen of sheep but not infectious in cattle. A. phaga-

cylophilum is an important species as it causes febrile

disease in ruminant as well as human. However, to the best

of our knowledge, A. phagocytophilum has not been

reported from India. Therefore, in Indian scenario, the use

of MSP5-cELISA is adequate for the screening purpose. If

further differentiation is required, then molecular tests

using specific primers from whole blood sample for

detection of respective agents can be attempted.

A significant difference in seropositivity was observed

between cattle breed types (p \ 0.001). Somewhat sur-

prisingly and in contrast to the previous reports, highest

prevalence was detected in indigenous cattle (59.30%)

followed by cross breed (57.16%) than imported cattle

breeds (42.28%). However, the number of indigenous

cattle screened in this study was less (n = 107) in com-

parison to cross breed (n = 274) and exotic breeds

(n = 286). It is generally considered that local and cross-

breed are more resistant to infection than pure imported

breeds (Magona and Mayende 2002; Vetrivel et al. 2017).

Further some authors have reported significant association

of prevalence among indigenous, cross-breed ad exotic

breeds (Ait Hamou et al. 2012). However, the finding of

this study suggest, the relative susceptibility to infection is

Table 2 Prevalence of antibodies to Anaplasma in different variables

Type Description No. of samples tested Apparent prevalence True prevalence p value

% positivity 95% CI % positivity 95% CI

Species Cattle 667 51.42 47.63–55.20 51.58 47.37–55.78 0.011

Buffalo 244 41.80 35.79–48.07 40.89 34.21–47.86

Cattle breed-type Indigenous 107 58.87 49.41–67.74 59.30 48.91–69.01 \ 0.001

Cross breed 274 56.93 51.02–62.66 57.16 50.67–63.44

Exotic 286 43.35 37.74–49.15 42.28 36.12–48.63

Sex Male 560 46.79 42.69–50.93 46.43 41.88–51.03 0.118

Female 351 52.14 46.92–57.31 52.37 46.57–58.12

Climatic zone Humid sub-tropical 215 60.47 53.80-66.76 61.63 54.22–68.62 \ 0.001

Tropical wet and dry 323 50.77 45.34–56.18 50.86 44.83–56.87

Semi-arid 314 31.85 26.94–37.19 29.83 24.38–35.77

Arid 59 86.44 75.46–92.97 90.49 78.29–97.74

Total – 911 48.85 45.61–52.09 48.72 45.13–52.32
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less due to breed type than to the environment that the

animal is born and reared. Animals born and reared in

endemic areas acquire a natural immunity (presumption) at

an early age (M’ghirbi et al. 2016) and further if the farm

practices insecticide to control ticks and flies, then the

animals can be maintained free of Anaplasma infection.

Similar finding of higher seroprevalence in indigenous

cattle breed has also been reported (Salih et al. 2009). They

hypothesized the positivity is due to more vigorous and

long lasting antibody response to Anaplasma in indigenous

cattle breeds than cross-breeds and exotic breeds.

Analysis of the results revealed, although statistically

not significant, female have higher seropositivity (52.37%)

than male (46.43%). Previous studies has also reported

higher prevalence of anaplasmosis in female than male

with possible explanation that, females are preferred host

for ticks over males and therefore, more susceptible to tick

borne diseases (Seo et al. 2018). Similarly, in a study

undertaken at Tamil Nadu, the prevalence of anaplasmosis

in female (29.71%) was higher than their male (12.50%)

counterpart (Vetrivel et al. 2017). In line with our findings,

Tembue et al. (2011) has also reported no association of

Anaplasma seropositivity with gender.

Sorting of the results by species of the animals screened

suggest, cattle have higher seropositivity (51.58%) than

buffaloes and this difference was statistically significant

(p = 0.011). High prevalence of Anaplasma species infec-

tion in cattle than buffaloes has been reported from India

(Sharma et al. 2015a; Filia et al. 2015; Paramanandham

et al. 2019). Previous literature suggest, buffaloes are more

resistant to Anaplasma infection than cattle, as they are

mostly found on submerged wetlands and thus avoiding

tick parasitism (Somparn et al. 2004; Terkawi et al. 2011).

However, da Silva et al. (2014) in their study in water

buffaloes in Northern Brazil could not observe any dif-

ference in susceptibility of different breeds of water buf-

faloes to infestation by ticks (Rhipicephalus microplus) or

to infection with Anaplasma and they suggested the

necessity of further studies related to geographical distri-

bution tick and fly vector in survey areas. We are also of

same opinion, rather than the species or cattle breed-type

susceptibility to Anaplasma infection, the geographical

location of the farm, the tick and fly management practices

adopted by the farm are more important factor for infection

and transmission of the infective agent.

Anaplasmosis is a tick borne disease and therefore,

climate has an effect on the prevalence of the disease. In

this study, 14 herds located at 9 different states of India

were screened. The studied farms belonged to four differ-

ent agro climatic zone as per the Koppan classification

system: Humid sub-tropical (03 farms), Tropical wet and

dry (05 farms), semi-arid (05 farms) and arid (01 farm).

Sorting of data based on climatic zone revealed highest

seropositivity in arid region (90.49%) followed by humid

sub-tropical (61.63%), tropical wet and dry (50.86%) and

semi-arid (29.83%) and this difference in seropositivity is

statistically significant (p\ 0.001). However, the number

of farms studied in this study is very less with only one

farm being screened from arid region. This finding is in

contrast to M’ghirbi et al. (2016) who reported very low

prevalence in arid (3.8%) and semi-arid (8.8%) zones and

high prevalence in sub-humid (46.6%) and humid (25.6%)

zones in cattle population of Tunisia. Similarly, in Mor-

occo also higher prevalence was reported in sub-humid

(52%) zones than humid (22.7%) and semi-arid zone (20%)

(Ait Hamou et al. 2012). These differences in prevalence of

Anaplasma infection in various agro-climatic zone could

be due to diversity of tick fauna present in each locality and

can also be due to tick and flies management strategies

adopted at various farms (M’ghirbi et al. 2016).

In the present study, all the herds were found positive

for Anaplasma infection with majority of the herds having

more than 40% seropositivity. This suggests anaplasmasis

is endemic in the country in line with other tropical and

sub-tropical regions of the world. The true seropositivity

range between the farms was very wide (9.95–100%) and is

statistically significant (p\ 0.001). Wide variation in the

prevalence of anaplasmosis among various cattle manage-

ment system has been reported (Kumar and Sangwan

2010). This could be due to managemental practices

adopted by the farm such as use of acaricides to control

ticks, drugs used by the veterinarians, zoo sanitary mea-

sures adapted by the farm and other scientific practices

preventing intragenic transmission of the organism with in

the farm.

Endemic stability concept has been proposed for vector

borne diseases. In this epidemiological state, due to com-

plex relationship between hosts, agent, vector and envi-

ronment, the clinical cases in animals becomes rare

occurrence despite of high infection level (Oliveira et al.

2011). In endemic regions, the animals are exposed to

infection at an early age resulting in developing of

immunity. This favours maintenance of the infection in the

population with low tick infection level and very few

clinical cases are observed (Guglielmone 1995; Oliveira

et al. 2011). It has been reported in literature that herds

with seroprevalence ranging from 1 to 40% are considered

to be susceptible to new infection either from within the

herd or from outside herd via vectors, or contaminated

fomites (Tucker et al. 2016). Of the 14 farms studied here,

10 farms have more than 40% prevalence suggesting pos-

sibility of endemic stability. The other four farms have low

prevalence which indicate the naı̈ve adult animals are more

susceptible to clinical cases (Guglielmone 1995; Oliveira

et al. 2011). Therefore, suitable policies and procedures for
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prevention and control of Anaplasma infection should be

adopted in these farms to prevent disease outbreak.

Conclusions

In the present study, an overall seroprevalence of 48.72%

was recorded. The presence of antibodies to Anaplasma in

all the studied farms suggest endemicity of the disease in

India, similar to other tropical and sub-tropical countries of

the world. Endemic instability was recorded in some of the

studied farms suggesting possibility of outbreak of new

clinical cases resulting in economic loss. Therefore, suit-

able policies and procedures for prevention and control of

Anaplasma infection should be adopted in these farms.

Further, continuous monitoring of the disease status in the

farms should be carried out to obtain information on the

risk factors involved, the ticks and flies circulating in the

farm for development of suitable tick control measures or

vaccination of the animals and to evaluate the effectiveness

of those adopted control measures.
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