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Abstract 
Background: A. bovis and A. phagocytophilium are leukocytotropic agents of 

bovine anaplasmosis. They are obligate intracellular bacteria that can infect and 

cause Anaplasmosis in human and animals. Therefore, this study was carried out 

to detect A. bovis and A. phagocytophilum in naturally infected dairy cattle in 

Isfahan using molecular techniques. 

Materials and Methods: In this study a total of 209 blood samples were collected 

from cattle in central part of Iran (Isfahan). The presence of A. bovis and A. 

phagocytophilium were examined by species-specific nested polymerase chain 

reaction (nPCR) based on 16S rRNA gene.  

Results: Out of the 209 cattle examined, 4 (1.99%) and 2 (1%) were found 

positive for A. bovis and A. phagocytophilium by nPCR, respectively.  

Conclusion: These data showed a relatively low prevalence of leukocytic 

Anaplasma infection in cattle in central part of Iran. 
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Introduction 
Anaplasmosis is a tick-born disease of cattle and 

other ruminants caused by species of the genus 

Anaplasma (Rickettsiales: Anaplasmataceae) (1). 

Four species including A. marginale, A. centrale, A. 

bovis, and A. phagocytophilium are well recognized 

in cattle (2). Among these species, A. bovis and A. 

phagocytophilium are leukocytic Anaplasmawhich 

infect monocytes and granulocytes, respectively.  

A. bovis is a monocytotropic Anaplasma sp. and it 

was first described in 1936 during experiments of 

Theileria sp. transmission, in which Hyalomma sp. 

ticks from Iran was fed to French cattle. A. bovis 

casuses fever, anemia, weight loss and rarely abortion 

and death in cattle of tropical and subtropical regions 

of the world. Survivors are lifelong carriers (3). 

A. phagocytophilum is a zoonotic, tick borne rickettsial 

pathogen. This organism has long been recognized as 

a veterinary agent, but in 1994, first human infection 

was reported   A. phagocytophilum has been 

considered as an emerging pathogen of public health 

importance (4-6).Tick borne fever (TBF) in cattle 

caused by A. phagocytophilum is characterized by 

high fever, reduced milk yield, inclusions neutrophils, 

 

 

leukopenia, abortions and reduced fertility. Most of 

the time, A. phagocytophilum infections are subclinical 

and rarely causing death unless complexed with other 

infections (7). 

A. phagocytophilum is transstadially transmitted by 

the tick vectors. Ixodes ricinus has been found to be 

the main vector of A. phagocytophilum in Europe (8, 

9). A. phagocytophilum has been also detected in 

Ixodes ricinus in Iran (10). However, other ticks have 

also been associated with A. phagocytophilum 

transmission (7). 

Several hard tick species are distributed in Iran and 

they are the most important ectoparasites of cattle in 

central parts of Iran. Although more is known about 

ticks as responsible for the transmission of several 

rickettsial pathogens to cattle but there is little 

knowledge about leukocytic anaplasmosis in cattle in 

Iran. A. phagocytophilum and A. bovis were reported 

for the first time in carrier cattle from central part of 

Iran by PCR (11, 12). 

Due to change in ecological condition and vector 

population a regular monitoring for the definition and 

prevalence of pathogen is important. To update this 
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information, a surveillance study was carried out to 

detect A. bovis and A. phagocytophilum in naturally 

infected dairy cattle in Isfahan by molecular 

techniques. 

 

Materials and Methods 

Collection of blood samples 

The study was carried out in cattle farms in seven 

counties in Isfahan province, central Iran. The 

province experiences a moderate and dry climate, 

ranging from 10.6 °C in winter to 40.6 °C in summer. 

The average annual temperature has been recorded as 

16.7 °C, and the annual rainfall on average has been 

reported as 116.9 mm. The villages and flocks were 

selected using stratified random sampling. Blood 

samples were collected from the jugular vein of 209 

apparently healthy cattle. Five hundred micro liters of 

each sample was taken in tubes containing the 

anticoagulant ethylene diamine tetra-acetic acid 

(EDTA). The blood samples were stored at -20 °C 

until DNA extraction. 

DNA extraction 

DNA was extracted using the DNA isolation kit 

[Molecular Biology System Transfer (MBST), Iran] 

according to the manufacturer’s instructions. Briefly, 

50 μl of blood samples was lysed in 180 μl lysis 

buffer and the proteins were degraded with 20 μl 

proteinase K for 10 min at 55 °C. After adding 360 μl 

Binding buffer and incubation for 10 min at 70 °C, 

270 μl ethanol (96 %) was added to the solution and 

after vortexing, the complete volume was transferred 

to the MBST-column. The MBST-column was first 

centrifuged, and then washed twice with 500 μl 

washing-buffer. Finally, DNA was eluted from the 

carrier using 100 µl Elution buffer. The amount of 

extracting DNA and its purity was measured by 

optical density 260 (OD260) and the ratio of OD260 

to OD280, respectively. In addition the extracted 

DNA was analyzed on agarose gel before use.  

 

 
Table 1. List of primers designed based on 16S rRNA gene. 

PCR-product Nucleotid sequences 

 

Publication references and 

Accession No. in GenBank 
 

Name of primer 

926 bp 

5'GTCGAACGGATTATTCTTTATAGCTTGC 3' 

M73220 Barlough et al. 1996 

Anaplasma Phagocytophilum  sense 

5'CCCTTCCGTTAAGAAGGATCTAATCTCC 3' Anaplasma Phagocytophilum  Antisense 

551 bp 

5'CTCGTAGCTTGCTATGAGAAC3' 

U03775 Kawahara et al. 2006 

Anaplasma bovis sense 

5'TCTCCCGGACTCCAGTCTG3' Anaplasma bovis Antisense 

 

Polymerase chain reaction (PCR) and Specific nested 

PCR (nPCR) 

The first PCR was performed using the universal 

primers fD1(5’-AGAGTTTGATCCTGGCTCAG-3’) 

and Rp2 (5’-ACGGCTACCTTGTTACGACTT-3’), 

in 50 μl total volume including one time PCR buffer, 

2.5 U Taq Polymerase (Cinnagen, Iran), 2 μl of each 

primer (fD1/ Rp2, 20 μM, Cinnagen), 200 μM of 

each dATP, dTTP, dCTP and dGTP (Cinnagen), 1.5 

mM MgCl2 and 100-500 ng extracted DNA  in 

automated thermocycler (T100 Thermal Cycler, Bio-

Rad) using the following program: 5 min incubation 

at 95 °C to denature double strand DNA, 40 cycles of 

45 s at 94 °C (denaturing step), 45 s at 55 °C 

(annealing step) and 1.5 min, at 72 °C (extension 

step) (13). 

Specific internal primer sets targeting the hyper 

variable region (V1) of the 16S rRNA were used to 

detect A. bovis and A. phagocytophilum (14, 15). 

Specific nPCR reactions were performed direc tly  

 

with 2 μl of the primary PCR product separately.  

The nPCR for A. bovis was performed in 50 μl total 

volume, including one time PCR buffer, 1.25U Taq 

Polymerase (Cinnagen, Iran), 1 μl of each primer (20 

µM, Cinnagen), 200 µM of each dATP, dTTP, dCTP 

and dGTP (Fermentas) and 1.5 mM MgCl 2 in 

automated Thermocycler (MWG, Germany) using the 

following program: 5 min incubation at 95 °C to 

denature double strand DNA, 35 cycles of 45 s at 94 

°C (denaturing step), 45 s at 56 °C (annealing step) 

and 45 s at 72 °C (extension step). Finally, PCR was 

completed with the additional extension step for 10 

min.  

The nPCR conditions for A. phagocytophilum were 

the same as that described for the A. bovis, except the 

annealing temperature which was 50 °C. The nPCR 

products were analyzed on 2% agarose gel in 0.5 

times Tris-Borate-EDTA buffer and visualized using 

ethidium bromide and UV-transeluminator. The 

primers are listed in Table 1. 
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Results 

Analysis of blood samples by PCR and Specific 

nested PCR 

PCR analysis of the isolated DNA from 200 blood 

samples using primers fD1/ Rp2 revealed an expected 

PCR product with approximately 1468bp in length 

from the 16SrRNA gene. 

Detection of A. bovis was performed using specific 

primers designed from the nucleotide sequences of   

A. bovis hyper variable region of the abovementioned 

gene.  

 

 
Figure 1. Specific nested-PCR for A. bovis. The expected size (551 

bp) is indicated (lanes 1 to 4). Co+ and Co- are positive and 

negative controls, respectively. M= Marker. 

 

An expected PCR product of 551bp was amplified 

from the first PCR products by specific A. bovis 

primers (Figure 1). nPCR analysis of the primary 

PCR products with these primers revealed expected 

PCR product in 1.99 % (4/209) of the blood samples. 

 

 
Figure 2. Specific nested-PCR for A. phagocytophilum. The 
expected size (926 bp) is indicated (lanes 1 and 2). Co+ and Co- 

are positive and negative controls, respectively. M= Marker. 

Detection of A. phagocytophilum was performed 

using specific primers designed from the nucleotide 

sequences of A. phagocytophilum hyper variable 

region of the above mentioned gene. Amplification of 

PCR products with primers showed an expected PCR 

product with 926 nucleotides in length (Figure 2). 

nPCR analysis of the primary PCR products with 

these primers revealed expected PCR product in 1% 

(2/209) of the blood samples. 

 

Discussion 

Until now, five species of Anaplasma had been 

recognized in iranian cattle and sheep by molecular 

methods includes: A. marginale, A. centrale, A. 

phagocytophilium, A. bovis and A. ovis (11, 12, 16-

19). 

The 16S rRNA gene of Anaplasma spp. has a small 

hyper variable region; its nucleotide sequence has 

been used for the differentiation of Anaplasma spp. 

from each other (1, 20-22). Because of high sequence 

similarity among hyper variable region (V1) of 16S 

rRNA gene, designing of species-specific primers 

based on 16S rRNA of A. marginale, A. centrale 

(South Africa strain) and A. ovis is impossible (11) 

but hyper variable regions of the 16S rRNA gene of 

A. bovis and A. phagocytophilum have enough 

different nucleotid sequence for designing species-

specific primers and differentiation of these species 

from other Anaplasma spp. Therefore, in this study 

we designed species-specific primers based on 16S 

rRNA for molecular detection of A. bovis and A. 

phagocytophilum. 

Although Donatine and Lestoquard (1936) have 

reported the presence of A. bovis in blood of French 

cattle during experiments of Theileria sp. transmission 

by Iranian Hyalomma sp. ticks, there is little 

information concerning animal reservoirs of A. bovis 

in Asia (3). A. bovis DNA has recently been detected 

in wild deer (15) and cattle in an Asian country 

(Japan) (23). 

In the present study A. bovis were identified by 

specific nPCR in 1.99% (4 / 209) of the blood 

samples. Using specific primers based on 16S rRNA 

gene, Noaman et al. showed that 2.66% of cattle 

blood samples were A. bovis positive (12). The 

present data indicates the low infection rate of cattle 

in central parts of Iran with A. bovis. Pathogenicity of 

A. bovis is already recognized and usually associated 

with subclinical infection; its principal manifestations 

include fever, lymphadenopathy, depression and loss 

of conditioning (24). In the present study, no clinical 

signs were recorded in the positive cattle. Jilintai et 

al. in a molecular survey showed that of the 78 cattle 

examined, 12 (15%) tested positive for infection by 

A. bovis and no clinical symptoms were recorded in 

the positive cattle and morula were not detected in
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blood smears (25). Monocytes generally comprise 

less than 1% of all leukocytes in circulating blood, 

therefore, few infected cells would be present on a 

blood smear and despite careful observation of blood 

smears of these cattle, morulae were not detected in 

blood smears. 

A. bovis has since been described in cattle and buffalo 

from Africa, the Middle East, and South America and 

Hyalomma spp., Rhipicephalus appendiculatus and 

Amblyomma variegatum have been proven to be 

vectors of A. bovis in African countries (26, 3). 

Hyalomma species are the most dominant tick species 

of cattle in Zagros mountainous areas in Iran (27) 

therefore, Hyalomma spp. may be an epidemiologically 

important tick species with respect to A. bovis 

infection of cattle in this area. 

Our results showed that 1% (2/209) of the blood 

samples were A. phagocytophilum positive by specific 

primers based on 16S rRNA gene. We have previously 

shown that 1.33% blood samples were A. 

phagocytophilum positive by specific primers based 

on 16S rRNA gene (11). In Asia the first molecular 

detection of A. phagocytophilum in wild deer and 

cattle was reported by Kawahara et al. (2006) and 

Ooshiro et al. (2008) from Japan (15, 23). A. 

phagocytophilum have been detected by PCR in 

mammals and ticks in nearly all European countries 

(8, 28). Mammals are presumed to play a crucial role 

in the maintenance and propagation of A. 

phagocytophilum in nature (29). A. phagocytophilum 

has been found to persist in species such as sheep, 

horse, dog, red deer, and cattle. Movement of 

persistent infected individuals may contribute to the 

spread of variants between geographical areas (7). 

Ixodes ricinus is the main vector of A. phagocytophilum 

in Europe (8). A. phagocytophilum has been also 

detected in Ixodes ricinus in Iran (10) which is also 

associated with other ticks, such as Haemaphysalis 

punctata, I. persulcatus, I. trianguliceps and 

Rhipicephalus sanguinus, but the epidemiological 

importance of these findings remains to be 

determined (7). Ixodes ricinus is only found in forest 

area next to the Caspian Sea.  Hyalomma anatolicum, 

Hyalomma marginatum, Rhipicephalus sanguinus 

and Rhipicephalus bursa are dominant species of tick 

on cattle in central part of Iran (Isfahan province). In 

Asia A. phagocytophilum have been detected by PCR 

in Haemaphysalis longicornis (15) Hyalomma 

marginatum, Rhipicephalus turanicus, and Boophilus 

kohlsi (30), therefore, Hyalomma marginatum and 

Rhipicephalus sanguinus might be important vector 

ticks of this Anaplasma sp. in central part of Iran. 

The results of present study confirm the low 

prevalence of A. bovis and A. Phagocytophilum in 

central part of Iran. To control the anaplasmosis we 

still have to determine the transmitting vectors, 

animal reservoirs and pathogenesis of A. bovis and A. 

phagocytophilum in animals and human in Iran.  
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