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Abstract

Anaplasmosis, a disease caused by various species of Anaplasma, poses important economic con-
straints to animal breeders. Ehrlichiosis is a worldwide zoonosis illness and mostly occurs in
tropical and subtropical regions that are close to the vector’s distribution. Tick-borne pathogens
lead to over 100,000 cases of illness in the world each year. Besides the costs of the additional ve-
terinary care, anaplasmosis causes abortion in animals, reduction of milk production, body weight,
and frequently leads to death. In this study, we investigated on infection of ticks to Anaplasma and
Ehrlichia pathogens in Zabol and Zahak County in Sistan and Baluchestan Province where is bor-
dered with Afghanistan. Totally from June 2013 to May 2014, 369 ticks were caught from goats,
cows and sheep. Molecular studies on 53 of these samples which represented all specimens,
showed that Ehrlichia’s DNA and Anaplasma’s DNA was found in 14 (26.4%) out of the 53 selected
specimens. The results showed the infection of Rhipicephalus sanguineus and Hyalomma anatoli-
cum with Anaplasma ovis. Also we saw infection of H. anatolicum and H. asiaticum ticks to Ehrlichia
spp. This study has been intended to do a comprehensive survey of Ehrlichia and Anaplasma dis-
tribution in ticks caught from east of Iran; it was designed to investigate the presence of Anaplas-
ma spp. and Ehrlichia spp. in Zabol and Zahak Counties, Iran. These results show that these pa-
thogens should be controlled in such regions.
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1. Introduction

Ticks are vectors of bacterial, viral and protozoan agents [1]. Investigating on these pathogens in ticks requires the
identification of ticks. Ticks are living in most places. There are some investigations about ticks in Iran [2]-[4].
Tick-borne pathogens lead to over 100,000 cases of illness in the world each year [5]. Ehrlichiachaffeensis, E.
canis, E. ewingii, and Anaplasma phagocytophilum are the most important tick-borne pathogens of human and
animals belong to the family Anaplasmataceae. Ehrlichiosis is a worldwide zoonosis problem and mostly occurs
in tropical and subtropical regions that are close to the vector’s distribution [6] [7].

Anaplasmosis, a disease caused by various species of Anaplasma, poses important economic constraints to
animal breeders. Besides the costs of the additional veterinary care, anaplasmosis causes abortion in animals,
reduction of milk production, body weight, and frequently leads to death [8]. Members of the genus Anaplasma
are obligatory intracellular gram negative bacteria that infect blood cells of mammals. Six Anaplasma species are
currently recognized [9]. Vertebrates are main reservoirs of the Anaplasma bacteria, however in many cases
bacteria from the genus Anaplasma cause diseases in domestic animals and human. Anaplasma ovis invades and
reproduces within erythrocytes. This bacterium induces acute anemia in sheep and goats [10]. Anaplasmosis in
cattle is caused by A. bovis, A. marginaleand A. centrale infecting monocytes and red blood cells [11] [12].
Anaplasma bovis is reported mostly from cattle, but also detected in small ruminantswhich could be a reservoir of
this bacterium [13]. Ixodid ticks play an important role in maintaining Anaplasma species in nature. It is evi-
denced that various species of Ixodes, Dermacentor, Rhipicephalus and Amblyomma genera are the main vectors
of the Anaplasma bacteria in different regions of the world. Rhipicephalus sanguineus, a common tick vector for
Anaplasma, has been reported from India, the United States, all regions of Africa, and around the Mediterranean
Basin [14]. Animal husbandry is one of the main activities of people in Estern Iran, and anaplasmosis is one of the
major veterinary health problems there [15]. However, there have been only a few studies to detect tick anap-
lasmosis infections in the country [16]-[19]. We previously studied onanaplasmal infection of human, livestock
and ticks in Mazandaran Province, Iran. Our results showed the presence of A. ovis in two Rhipicephalus san-
guineus and two Ixodesricinus ticks, one human and 4 sheep samples. Also one Boophilusannulatus tick and one
sheep sample were infected with A. bovis. Furthermore, one sample of sheep was infected with A. centrale. That
was the first report of tick infection to A. ovis, A. bovis and human infection to A. ovis in Iran [17]. Khazeni et al.,
investigated on the infection of ticks caught from Ardebil Province, Iran and found that Ehrlichia spp. and
Anaplasma spp. were found in 43.84% of all the specimens containing Anaplasma ovis and Ehrlichia spp. and
Ehrlichiacanis [18] Khazeni et al., reported E. canis in vector from Iran for the first time [18]. The aim of the
present investigation was to study prevalence and genetic diversity of infection of ixodidae ticks to infectious
bacteria due to our observations of ranchers’ complaint about their livestock diseases and the lack of documented
information about Anaplasma and Ehrlichia species in ticks in eastern Iran. We conducted the present study to
distinguish the rate of Anaplasma and Ehrlichia infections in Zabol and Zahak counties which have been located
in borderline of Iran-Afghanistan in eastern Iran.

2. Materials and Methods
2.1. Study Area

This study was conducted in Zabol and Zahak counties in Sistan and Baluchestan Province (Located in Eastern
Iran) which is bordered with Afghanistan. Zahak and Zabol Counties with 30°N latitude and 61°E longitude are
located in the east of the Province. Zabol County has a population about 320,000 and Zahak County has a popu-
lation about 70,000.

2.2. Sample Collection

From June 2013 to May 2014, we collected tick samples from goats, cows and sheep from Hossein Abad, Heydar
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Abad, Fathollah and Bagher Abad which are located in Zabol County and Khomak, Bonjar and Hassankhoon
which are located in Zahak County (Figure 1). Ticks were mostly found on shoulders and ears of the livestock.

Specimens were collected using a forceps and kept in labeled holding tubes individually. Specimens were
transferred into the labeled holding tubes individually. In some cases it was impossible to collect all ticks due to
lack of time. We did not ask the origin of the sheep, goats and cows.

Specimens were transferred to the Entomology Laboratory, School of Public Health, Tehran University of
Medical Sciences. All specimens were identified based on morphological characteristics and the keys given by
Janbakhsh (1957) and Walker (2003) based on shape of capitulum, scutum, eyes, festoone and hypostome, spi-
racle, genital groove, spure of coxa, adanal shield and another characters [20] [21].

2.3. DNA Extraction

DNA was extracted using Gspin™ Genomic DNA Extraction kit (iNtRON). Extraction was carried out according
to the manufacturer instructions by grinding of individual ticks in an eppendorf microtube after maintaining 5
minutes in the liquid nitrogen tank and using glass pestle. 400 pl of G-buffer per 20 - 30 mg of tissue was added
and incubated at 70°C for 5 - 10 min and then mixed well. At the next step, 400 ul of Binding buffer was added and
transferred to the G-spine columns in the next step, centrifuged for 1 min at 13,000 rpm. Then, 500 pl of washing
buffer and 100 pl of elution buffer were added respectively and centrifuged for 1 min at 13,000 rpm. After adding
elution buffer, samples were incubated for 1 min at room temperature and then they were kept at 4°C for further
use.

2.4. Detection of Ehrlichia and Anaplasma by Nested-PCR

By using EHR1, EHR2, EHR3 and EHR4 primers, detection of Ehrlichia and Anaplasma was performed by
nested-PCR, 16 s rRNA amplification, [18] [22]. These primers are able to detect the infection of both Ehrlichia
and Anaplasma.

As positive control we used Anaplasma DNA obtained from Department of Medical Entomology, School of
Public Health, Tehran University of Medical Sciences [18], and double distilled water as negative control was
used.

First round of PCR amplifications were done in a Maxime PCR premix kit (iTaq). For primary reactions 5 pl of
purified DNA was used as a template in mentioned PCR premix kit. PCR cycles were consisted of 5 minutes at
94°C, 35 cycles at 94°C for 1 minute (denaturation of DNA), 60°C for 1 minute (annealing of primers), 72°C for 1
minute (extension of the primers), and a final extension at 72°C for 7 minutes. Second round of PCR assay was
performed using species-specific primers (Ehr 3, Ehr 4) (Table 1), [18] [23] and 3 pL from the initial PCR
product was used as template. The PCR products were loaded in 1% agarose gel, stained with ethidium bromide
and then visualized under UV light.

2.5. Nucleotide Sequencing

Sequencing was performed using an ABI 3730 sequencer machine. Obtained sequences were checked to correct
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Figure 1. Geographical location of Sistan and Baluchestan Province and Zabol and
Zahak Counties, Iran. Zahak and Zabol Counties are bordered with Afghanistan.
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Table 1. Details of the primers were used for Ehrlichia spp. and Anaplasma spp. detection in
ticks collected on livestock, Zahak and Zabol County, Sistan and Baluchestan Province, Iran.

EHR1 (Forward) 5’-GAACGAACGCTGGCGGCAAGC-3’
First round PCR
EHR2 (Reverse) 5’-AGTA(T/C)CG(A/G)ACCAGATAGCCGC-3’

EHR3 (Forward) 5’-TGCATAGGAATCTACCTAGTAG-3’
Second round PCR
EHR4 (Reverse) 5’-CTAGGAATTCCGCTATCCTCT-3’

ambiguities. Determination of sequence homologies was done in GenBank by BlastN and aligned with ClustalW
was checked using basic local alignment search tool (BLAST) analysis software
(www.ncbi.nlm.nih.gov/BLAST).

3. Results

The prevalence of ticks was low, so a total of 369 ticks were collected and these ticks were morphologically
identified at the level of species.

Detection of Ehrlichia and Anaplasma

Fifty three out of 369 collected ticks were tested for the presence of Anaplasma and Ehrlichia’s DNA. Ehrlichia’s
DNA and Anaplasma’s DNA were found in 14 (26.4%) out of the 53 selected specimens (generated characteristic
524 bp products, Figure 2). Nested PCR detected ehrlichial DNA in 14 samples of 53 samples which had been
selected by species and region differences and represented the whole regions, whole tick species and whole li-
vestock. Details of positive samples are listed in Table 2. Out of 53 ticks which used for DNA extraction, 14
samples were infected with Anaplasma or Ehrlichia spp. For detection of infection, 7 of these samples were sent
for sequencing. The results demonstrated that a female Rhipicephalus sanguineus which had been caught of a
sheep from Zabol County was infected with Anaplasma ovis. Two female Hyalomma anatolicum ticks which had
been caught from Zahak County were infected with Ehrlichia spp. One of these ticks had been caught from cow
and the other had been caught from sheep. A male Hyalomma asiaticum which had been caught from a cow in
Zaboldistrict, was also infected with Ehrlichia spp. Two Hyalomma anatolicum which one of them was male and
the other was female and were caught from goat, were infected with Anaplasma ovis. Both of these infected ticks
were caught from Zahak district. Also a male Hyalomma anatolicum which had been caught from Zabol district
was infected with Anaplasma ovis. This tick was caught from a cow. Totally 3 of positive samples were caught
from sheep, 3 of them were caught from goats and 8 of them were caught from cows. Two genus of ticks: Rhi-
picephalus and Hyalomma were found to be infected with Anaplasma or Ehrlichia genus. Eight of positive sam-
ples had been caught from Zahak and 6 of them had been caught from Zabol district. Alignment of sequenced
Anaplasma ovis samples (KM056396-KM056399) showed 99% identity with each other. Also 3 of the Ehrlichia
spp. samples were completely identical to each other (100%).

Comparison of the sequences with available data in GenBank showed that the sequences were highly similar to
ITS2 region of Anaplasma ovis and Ehrlichia spp. with 100% identity. Obtained sequences from this study were
submitted to the GenBank, under the accession numbersKM056396-KM056402.

4. Discussion

This study provides primary data, regarding the existence of A. ovis and Ehrlichia spp. in ticks in Zahak and Zabol
Counties which is located in east of Iran and bordered with Afghanistan. Nested PCR enhances the sensitivity of
detection of target nucleotide sequences [24]. This technique has been shown to be sensitive for direct identifi-
cation of ehrlichiae in ticks [25]. Nested PCR with subsequent sequencing had been shown that hard ticks had
been containing Anaplasma ovis, Ehrlichia spp. and other anaplasmal or ehrlichial DNA [17] [18] [26].

The main vectors of the Anaplasma bacteria are ticks, especially the genera Ixodes, Dermacentor, Rhipice-
phalus and Amblyomma [17]. Our results demonstrated the presence of A. ovis in Rhipicephalus sanguineus and H.
anatolicum; so they might be vectors of A. ovis in this region. We report the infection of R. sanguineus and H.
anatolicum to A. ovisin Zahak and Zabol Counties. We also demonstrated the infection of H. anatolicum to Eh-
rlichia spp. in Zahak and infection of H. asiaticum to Ehrlichia spp. in Zabol County, Iran.
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Table 2. Details of infected ticks to Anaplasma/Ehrlichia in two studied districts.

Code Tick species M/F  Caught from Cought region Infection Accession number
T10 Rhipicephalus sanguineus Q Sheep Zabol Anaplasma ovis KMO056396
T1 Rhipicephalus sanguineus Q Goat Zahak -
T12 Hyalomma anatolicum Q Cow Zahak Ehrlichia spp. KMO056400
BZ15 Hyalommaasiaticum 3 Cow Zahak -
BZ1 Hyalomma anatolicum Q Goat Zahak Anaplasma ovis KMO056398
BZ8 Hyalomma anatolicum 3 Cow Zabol -
Bz4 Hyalomma asiaticum 3 Cow Zabol Ehrlichia spp. KM056401
BZ2 Hyalomma anatolicum 3 Goat Zahak Anaplasma ovis KM056397
T15 Hyalomma anatolicum 3 Cow Zabol Anaplasma ovis KM056399
T18 Hyalomma anatolicum ? Sheep Zahak Ehrlichia spp. KM056402
BZ10 Hyalomma spp. ? Cow Zabol -
T20 Hyalomma anatolicum ? Cow Zahak -
BZ9 Hyalomma asiaticum ) Cow Zabol -
T19 Hyalomma anatolicum Q Sheep Zahak -
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Figure 2. 16 s rRNA amplification of Ehrlichia spp. and Anaplasma
spp. in ticks using nested-PCR. Lanes P: positive control, Lane N:
Negative control, Lanes 1-14 represent all the positive samples which
are infected to Ehrlichia spp. and Anaplasma spp. (524 bp).

Since sheep are reservoirs of A. ovis, human infection with this pathogen may occur, but transmission of A. ovis
to human is uncertain. Previously, sequence analysis of PCR products confirmed the presence of A. ovis in Rhi-
picephalus sanguineus and Ixodesricinus ticks, human and sheep samples in Ghaemshahr, which is located in
north of Iran. High level of infestation of R. sanguineus to domestic ruminants, and the prevalence of Anaplas-
main these specimens showed that they are the most abundant vector of Anaplasma species in Ghaemshahr county
[17]. In another study the infection rate of A. ovis in ticks collected from dogs’ ears, neck, shoulder and toes re-
ported from Meshkin-Shahr (Ardebil Province, Iran) was as much as 56.6 percent. In addition, 21.17% of nymphs
and at least 53.42% of adult ticks were positive for A. ovis and Ehrlichia spp. [18].

Rhipicephalus sanguineus is widely spread not only in Iran but also in all over the world [27].

The results demonstrated the presence of Ehrlichia spp. in H. anatolicum and Hyalomma asiaticum while
Rhipicephalus sanguineus was infected with Anaplasma ovis.

Almost 57% of the infected specimens collected on cow, the other belong to sheep or goat. The only specimens
which infected with Anaplasma ovis collected on sheep. Based on our results, female ticks were more infected
with Anaplasma spp. and Ehrlichia spp. in comparison with male ticks, while in Khazeni et al. investigation, this
is contrary [18].

Zahak is more infected with Anaplasma spp. and Ehrlichia spp. than Zabol County. According to our previous
study [18] dominant tick species which infected with Ehrlichia was Rhipicephalus sanguineus while Satta et al.
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KM056398 TATACTGTATAATCCCTGCGGGG GATTTATCGCTACTAGATGAGCCT] F FTCRGAT 60
KM056399 TATACTGTATAATCCCTGCGGGG GATTTATCGCTACTAGATGAGCCTHYTETCAGAT 60
KM056396 TATACTGTATAATCCCTGCGGGG GATTTATCGCTACTAGATGAGCCTHTETCAGAT 60
KM056397 TATACTGTATAATCCCTGCGGGG GATTTATCGCTACTAGATGAGCCTHCETCAGAT €0
b e *2??‘#**2‘!?2*1‘!?*2?‘!E*R???’- EEXETEX

Figure 3. The differences between 2 A. ovis haplotypes. The sequence “KM056397” has an identity of
99% with three other sequences (KM056396, KM056398, KM056399).

demonstrated that dominant [28], Whereas Meng et al. [29] determined that dominant tick species which infected
to Ehrlichia was Hyalomma asiaticum. Khazeni et al. Identified Rhipicephalus sanguineus, Hyalomma asiaticum,
Hyalomma marginatum, Hyalomma anatolicum, Dermacentorniveus, Dermacentormarginatus as the infected
specimens while in this study we could show Rhipicephalus sanguineus, Hyalomma asiaticum, H. anatolicum and
a Hyalomma spp. as the infected specimens.

Sequence alignments of 3detected Ehrlichia (KM056400-KM056402) in this study showed 100% identity with
some of the submitted ones in Genbank. We could find one haplotype in these 3 sequences; but we found 2
haplotypes in A. ovis in our study. Three of sequenced samples (KM056396, KM056398, KM056399) were
identical (100%) to each other and to the submitted ones. The other A. ovis sequenced sample (KM056397) which
is detected from one H. anatolicum, had an identity of 99% with other samples and the submitted samples in
Genbank. The difference between this sequence (KM056397) with the three other sequences (KM056396,
KMO056398, KM056399) was as much as 2 nucleotides (Figure 3).

In Iran, A. ovis was previously identified in sheep [15] [19]; however R. sanguineus and I. ricinus are dominant
tick species in sheep in north part of this country [27] [30]. Based on a study which was done in Turkey, A. ovis
16S rRNA gene fragment was detected in two R. sanguineus ticks [31]. On the other hand, there are few studies on
the infectivity of animal blood samples to Anaplasma in Iran. One of our laboratory studies, demonstrated that
39% of blood samples of humans and livestock were infected with Anaplasma in north of Iran [17]. In Khorasan
Province, north east of Iran, about 80% of sheep and 38% of goats blood smears were infected with A. ovis [15]. In
current study, A. ovis DNA was detected in ticks which had been collected from sheep, goats and cows. We could
also detect Ehrlichia spp. DNA in ticks which had been collected from cows and sheep. These results make these
livestock as potential reservoirs of these pathogens.

This study has been intended to do a comprehensive survey of Anaplasma and Ehrlichia distribution in ticks
collected from east of Iran; it was designed to investigate the presence of Anaplasma spp. and Ehrlichia spp. in
Zabol and Zahak County, Iran. It is recommended to investigate the competency of vectors to Rhipicephalus
sanguineus, Hyalomma asiaticum and H. anatolicum.

Acknowledgements

The authors wish to express their gratitude to Mrs. Fatemeh Mohtarami, from molecular biology laboratory at
Department of Medical Entomology, Tehran University of Medical Sciences, Iran and Mr. Nasrabadi, MSc stu-
dent in Tehran University of Medical Sciences, Iran. This study has been done by financial supports of Tehran
University of Medical Sciences.

References

[1] Parola, P. and Raoult, D. (2001) Ticks and Tickborne Bacterial Diseases in Humans: An Emerging Infectious Threat.
Clinical Infectious Diseases, 32, 897-928. http://dx.doi.org/10.1086/319347

[2] Telmadarraiy, Z., Bahrami, A. and Vatandoost, H. (2004) A Survey on Fauna of Ticks in West Azerbaijan Province,
Iran. Iranian Journal of Public Health, 33, 65-69.

[3] Telmadarraiy, Z., Ghiasi, SM., Moradi, M., Vatandoost, H., Eshraghian, MR., Faghihi, F., et al. (2005) A Survey of
Crimean-Congo Haemorrhagic Fever in Livestock and Ticks in Ardabil Province, Iran during 2004-2005. Scandina-
vian Journal of Infectious Diseases, 42, 137-141. http://dx.doi.org/10.3109/00365540903362501

[4] Telmadarraiy, Z., Vatandoost, H., Chinikar, S., Oshaghi, M.A., Moradi, M., Mirabzadeh Ardakan, E., et al. (2010)
Hard Ticks on Domestic Ruminants and Their Seasonal Population Dynamics in Yazd Province, Iran. Iranian Journal
of Arthropod-Borne Diseases, 4, 66-71.

[51 Munderloh, U.G., Jauron, S.D. and Kurtti, T.J. (2005) The Tick: A Different Kind of Host for Human Pathogens. In:
Goodman, J.L., Dennis, D.T. and Sonenshine, D.E., Eds., Tick-Borne Diseases of Humans, ASM Press, Washington



http://dx.doi.org/10.1086/319347
http://dx.doi.org/10.3109/00365540903362501

A. Jafarbekloo et al.

(6]
[7]

(8]

(9]

[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

DC, 37-64.

Dantas-Torres, F. (2008) The Brown Dog Tick, Rhipicephalus sanguineus (Latreille, 1806) (Acari: Ixodidae): From
Taxonomy to Control. Veterinary Parasitology, 152, 173-185. http://dx.doi.org/10.1016/j.vetpar.2007.12.030

Perez, M., Bodor, M., Zhang, C., Xiong, Q. and Rikihisa, Y. (2006) Human Infection with Ehrlichia canis Accompa-
nied by Clinical Signs in Venezuela. Annals of the New York Academy of Sciences, 1078, 110-117.
http://dx.doi.org/10.1196/annals.1374.016

Stuen, S., Nevland, S. and Moum, T. (2003) Fatal Cases of Tick-Borne Fever (TBF) in Sheep Caused by Several 16S
rRNA Gene Variants of Anaplasma phagocytophilum. Annals of the New York Academy of Sciences, 990, 433-434.
http://dx.doi.org/10.1111/].1749-6632.2003.th07407.x

Dumler, J.S., Barbet, A.F., Bekker, C.P., Dasch, G.A., Palmer, G.H., Ray, S.C., et al. (2001) Reorganization of Genera
in the Families Rickettsiaceae and Anaplasmataceae in the Order Rickettsiales: Unification of Some Species of Ehrli-
chia with Anaplasma, Cowdria with Ehrlichia and Ehrlichia with Neorickettsia, Descriptions of Six New Species
Combinations and Designation of Ehrlichia equi and “HGE agent” as Subjective Synonyms of Ehrlichia phagocyto-
phila. International Journal of Systematic and Evolutionary Microbiology, 51, 2145-2165.
http://dx.doi.org/10.1099/00207713-51-6-2145

Splitter, E., Anthony, H. and Twiehaus, M. (1956) Anaplasma ovis in the United States; Experimental Studies with
Sheep and Goats. American Journal of Veterinary Research, 17, 487.

Uilenberg, G. (1993) Other Ehrlichiosis of Ruminants. In: Woldehiwet, Z. and Ristic, M., Eds., Rickettsial and Chla-
mydial Diseases of Domestic Animals, Oxford Pergamon Press, Oxford, 293-332.

Kuttler, K. (1966) Clinical and Hematologic Comparison of Anaplasma marginale and Anaplasma centrale Infections
in Cattle. American Journal of Veterinary Research, 27, 941-946.

Goethert, H.K. and Telford, S.R. (2003) Enzootic Transmission of Anaplasma bovis in Nantucket Cottontail Rabbits.
Journal of Clinical Microbiology, 41, 3744-3747. http://dx.doi.org/10.1128/JCM.41.8.3744-3747.2003

Stafford, K.C. (2007) Tick Management Handbook: An Integrated Guide for Homeowners, Pest Control Operators,
and Public Health Officials for the Prevention of Tick-Associated Disease. Connecticut Agricultural Experiment Sta-
tion, New Haven.

Razmi, G., Dastjerdi, K., Hossieni, H., Naghibi, A., Barati, F. and Aslani, M.R. (2006) An Epidemiological Study on
Anaplasma Infection in Cattle, Sheep, and Goats in Mashhad Suburb, Khorasan Province, Iran. Annals of the New York
Academy of Sciences, 1078, 479-481. http://dx.doi.org/10.1196/annals.1374.089

Bashiribod, H., Kazemi, B., Eslami, G., Bigdeli, S., Bandehpour, M., Rahbarian, N., et al. (2004) First Molecular De-
tection of Anaplasma phagocytophilum in Ixodes ricinus Ticks in Iran. Journal of Medical Sciences, 4, 282-286.
http://dx.doi.org/10.3923/jms.2004.282.286

Hosseini-Vasoukolaei, N., Oshaghi, M.A., Shayan, P., Vatandoost, H., Babamahmoudi, F., Yaghoobi-Ershadi, M.R., et
al. (2014) Anaplasma Infection in Ticks, Livestock and Human in Ghaemshahr, Mazandaran Province, Iran. Journal of
Arthropod-Borne Diseases, 8, 204.

Khazeni, A., Telmadarraiy, Z., Oshaghi, M.A., Mohebali, M., Zarei, Z. and Abtahi, S.M. (2013) Molecular Detection
of Ehrlichia canis in Ticks Population Collected on Dogs in Meshkin-Shahr, Ardebil Province, Iran. Journal of Biome-
dical Science and Engineering, 6, 1-5. http://dx.doi.org/10.4236/jbise.2013.67A3001

Spitalska, E., Namavari, M.M., Hosseini, M.H., Shad-Del, F., Amrabadi, O.R. and Sparagano, O.A.E. (2005) Molecu-
lar Surveillance of Tick-Borne Diseases in Iranian Small Ruminants. Small Ruminant Research, 57, 245-248.
http://dx.doi.org/10.1016/j.smallrumres.2004.07.005

Janbakhsh, B. (1957) A Research Review about Ticks Responsible for Relapsing Fever in Iran. Journal of Faculty of
Health and Institute of Public Health and Research, 484, 223-230.

Walker, A.R., Bouattour, A., Camicas, J.L., Estrada-Pena, A., Horak, 1.G., Latif, A.A., et al. (2003) Ticks of Domestic
Animals in Africa: A Guide to Identification of Species. Bioscience Reports, Edinburgh.

Faria, J.L.M., Dagnone, A.S., Munhoz, T.D., Jodo, C.F., Pereira, W.A.B., Machado, R.Z., et al. (2010) Ehrlichia canis
Morulae and DNA Detection in Whole Blood and Spleen Aspiration Samples. Revista Brasileira de Parasitologia Ve-
terindria, 19, 98-102. http://dx.doi.org/10.4322/rbpv.01902006

Rar, V.A., Fomenko, N.V., Dobrotvorsky, A.K., Livanova, N.N., Rudakova, S.A., Fedorov, E.G., et al. (2005) Tick-
borne Pathogen Detection, Western Siberia, Russia. Emerging Infectious Disease, 11, 1708-1715.
http://dx.doi.org/10.3201/eid1111.041195

Haff, L.A. (1994) Improved Quantitative PCR Using Nested Primers. Genome Research, 3, 332-337.
http://dx.doi.org/10.1101/gr.3.6.332

Kramer, V.L., Randolph, M.P., Hui, L.T., Irwin, W.E., Gutierrez, A.G. and Vugia, D.J. (1999) Detection of the Agents



http://dx.doi.org/10.1016/j.vetpar.2007.12.030
http://dx.doi.org/10.1196/annals.1374.016
http://dx.doi.org/10.1111/j.1749-6632.2003.tb07407.x
http://dx.doi.org/10.1099/00207713-51-6-2145
http://dx.doi.org/10.1128/JCM.41.8.3744-3747.2003
http://dx.doi.org/10.1196/annals.1374.089
http://dx.doi.org/10.3923/jms.2004.282.286
http://dx.doi.org/10.4236/jbise.2013.67A3001
http://dx.doi.org/10.1016/j.smallrumres.2004.07.005
http://dx.doi.org/10.4322/rbpv.01902006
http://dx.doi.org/10.3201/eid1111.041195
http://dx.doi.org/10.1101/gr.3.6.332

A. Jafarbekloo et al.

[26]
[27]

[28]

[29]

[30]

[31]

of Human Ehrlichioses in Ixodid Ticks from California. The American Journal of Tropical Medicine and Hygiene, 60,
62-65.

Cao, W.C., Gao, Y.M., Zhang, P.H., Zhang, X.T., Dai, Q.H., Dumler, J.S., et al. (2000) Identification of Ehrlichia
chaffeensis by Nested PCR in Ticks from Southern China. Journal of Clinical Microbiology, 38, 2778-2780.

Rahbari, S., Nabian, S. and Shayan, P. (2007) Primary Report on Distribution of Tick Fauna in Iran. Parasitology Re-
search, 101, 175-177. http://dx.doi.org/10.1007/s00436-007-0692-7

Satta, G., Chisu, V., Cabras, P., Fois, F. and Masala, G. (2011) Pathogens and Symbionts in Ticks: A Survey on Tick
Species Distribution and Presence of Tick-Transmitted Micro-Organisms in Sardinia, Italy. Journal of Medical Micro-
biology, 60, 63-68. http://dx.doi.org/10.1099/jmm.0.021543-0

Meng, Q., Qiao, J., Chen, C.F., Cai, X.P., Wang, G.C., Zhang, Z.C., et al. (2012) A Preliminary Survey on the Ticks
Carrying Ehrlichia and Anaplasma in the Southern Marginal Zone of Gurbantunggut Desert. African Journal of Micro-
biology Research, 6, 7073-7077.

Hosseini-Vasoukolaei, N., Telmadarraiy, Z., Vatandoost, H., Yaghoobi Ershadi, M.R., Hosseini-Vasoukolaei, M. and
Oshaghi, MA. (2010) Survey of Tick Species Parasiting Domestic Ruminants in Ghaemshahr County, Mazandaran
Province, Iran. Asian Pacific Journal of Tropical Medicine, 3, 804-806.
http://dx.doi.org/10.1016/S1995-7645(10)60193-9

Aktas, M., Altay, K., Dumanli, N. and Kalkan, A. (2009) Molecular Detection and Identification of Ehrlichia and
Anaplasma Species in Ixodid Ticks. Parasitology Research, 104, 1243-1248.
http://dx.doi.org/10.1007/s00436-009-1377-1



http://dx.doi.org/10.1007/s00436-007-0692-7
http://dx.doi.org/10.1099/jmm.0.021543-0
http://dx.doi.org/10.1016/S1995-7645%2810%2960193-9
http://dx.doi.org/10.1007/s00436-009-1377-1

www.scirp.org

Scientific
Research

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and

contributes to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either

submit@scirp.org or Online Submission Portal.

American Journal of | i <
Plant Sciences ( Applied Mathematics

Special Issue on Experimental Design!

Advances in

Bioseience and Biotechnology

. & scand

Agricultural Sciences Food and Nutrition Sciences

Special Issue on Research on Rice

Journal of Computer
and Communications

Journal of
Modern Physics Natsuglaeln -

Editor-in-Chief
Kuo-Chen Chou
s arg e



http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	Molecular Detection of Anaplasma and Ehrlichia Infection in Ticks in Borderline of Iran-Afghanistan
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods 
	2.1. Study Area
	2.2. Sample Collection
	2.3. DNA Extraction
	2.4. Detection of Ehrlichia and Anaplasma by Nested-PCR
	2.5. Nucleotide Sequencing

	3. Results
	Detection of Ehrlichia and Anaplasma

	4. Discussion
	Acknowledgements
	References

