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Molecular detection and identification of Anaplasma
species in sheep from Ahvaz, Iran
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Summary

Ovine anaplasmosis is a tick-borne rickettsial disease, widespread in tropical and subtropical areas. In the
present study, a PCR-RFLP method based on major surface protein 4 (MSP4) gene, was utilized for the
detection of Anaplasma infection in 119 sheep blood samples collected from different parts of Ahvaz in the
southwest of Iran. PCR identified Anaplasma infections in 87.4% (104/119) of the samples in contrast to the
routine blood smear examination, which revealed inclusion bodies in only 33.6% (40/119) of samples. RFLP
assessment revealed that all PCR positive samples were A. ovis, while for the first time in Iran, a mixed
infection with A. marginale was seen in 50% (52/104) of Anaplasma infected samples. These results suggest
higher sensitivity of PCR method over the conventional microscopic technique for diagnosis of
anaplasmosis, particularly in carrier animals. It also revealed that ovine anaplasmosis caused by A. ovis and
A. marginale is present and highly prevalent in Ahvaz and appears to be the first report from this region.
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Introduction al., 1989). Although A. ovis may infect
domestic sheep and goats without clinical
Recently, there has been growing signs (Splitter et al., 1956), it can predispose
interest in rickettsia from the genus animals to other infections resulting in
Anaplasma, due to its pathogenicity in farm clinical disease and eventually death (Kocan
animals (Kocan et al., 2004; de la Fuente et etal., 2004).
al., 2005; Ahmadi-Hamedani et al., 2009). Anaplasmosis  is  transmitted  to
Anaplasmosis, a disease caused by various mammalian hosts biologically by ticks and
species of Anaplasma, is especially mechanically by biting flies and blood-
important for animal breeders, as it can contaminated fomites (Aguirre et al., 1994;
reduce the animal’s body weight, cause de Echaide et al., 1998). Rhipicephalus
abortions, reduce milk production and sanguineus, Hyalomma marginatum
frequently lead to death (Splitter et al., 1955; marginatum, and Hyalomma anatolicum
Sainz et al., 1999; Melendez, 2000; Stuen et anaolicum have recently been shown to be
al., 2003). the main ticks which transmit ovine
Ovine anaplasmosis is mainly caused by anaplasmosis in Iran (Noaman, 2012). All of
A. ovis and A. marginale. In the case of A. these tick vectors are widespread in
ovis, bacterial inclusions are found 35-40% Khuzestan province (Rahbari et al., 2007;
of the time in the central or submarginal part Nabian et al., 2009).
of the host erythrocyte, and the remaining Diagnosis of Anaplasma infection is
60-65% in the marginal part (Shompole et performed routinely by  microscopic
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examination of giemsa-stained blood smears
in Iran. This method is suitable in detection
of anaplasmosis in acute phase, but it is not
applicable in identifying pre-symptomatic
and carrier animals (Carelli et al., 2007).

Molecular methods, as more sensitive
and specific diagnostic tools, have been
increasingly used to detect and differentiate
Anaplasma spp. in carrier animals (Bekker
et al., 2002; Molad et al., 2006; Carelli et
al., 2007; Ahmadi-Hamedani et al., 2009;
Noaman and Shayan, 2010).

The major surface protein 4 (MSP4)
gene, a part of the MSP2 protein
superfamily, is proven to be useful for
detection and genetic characterization of
Anaplasma spp. (de la Fuente et al., 2005;
Brayton et al., 2006).

Anaplasmosis has been reported from
some parts of Iran (Razmi et al., 2006), but
few of them were detected with molecular
methods (Nazifi et al., 2008; Ahmadi-
Hamedani et al., 2009; Noaman et al.,
2009).

Ahvaz, the capital city of Khuzestan
province, is a tropical area in the southwest
of Iran, in which parasitic infections and
tick-borne diseases are highly prevalent (Al-
Amery and Hasso, 2002; Zaeemi et al.,
2011). However, the epidemiological
aspects of ovine anaplasmosis in the
southwest of Iran are poorly understood.
Anaplasma, like intraerythrocytic organisms,
were frequently detected in sheep presented
to the Veterinary Clinic, Faculty of
Veterinary Medicine, Shahid Chamran
University of Ahvaz. But morphological
characteristics of Anaplasma inclusion
bodies, especially in low-level parasitemias
are not enough to distinguish Anaplasma
species from each other and from Howell-
Jolly bodies which may be seen in the
anemia of different origins (Shompole et al.,
1989; Ndung’u et al, 1995), thus
complicating the treatment.

Since there were no previous reports
regarding ovine anaplasmosis prevalence in
Ahvaz, the current study was designed to
characterize the infection with Anaplasma
and to identify the species involved,
employing a polymerase chain reaction-
restriction fragment length polymorphism
(PCR-RFLP) protocol based on MSP4 gene
sequence, and its comparison over the
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routine blood smear method in naturally
infected sheep of Ahvaz region, Iran.

Materials and Methods

Collection of blood samples

The present study was conducted in
Ahvaz, and the surrounding area, which is
situated in the southwest of Iran, the tropical
endemic area of ovine tick-borne diseases.
Sampling was performed during the tick
activity season, July to September 2011, in
which the temperature and humidity of this
area ranges between 26.3 to 47.3°C, and 10
to 48%, respectively. Eight different parts of
Ahvaz and the villages in the north,
northwest, and south of the city were
sampled, based on their history of outbreak
of ovine anaplasmosis. Blood was collected
from jugular vein of 119 sheep (50 male and
69 female) into sterile tubes with and
without anticoagulant (EDTA). The animals
used in this study ranged in age from 3
months to 9 years. The blood samples were
used to prepare thin blood smears for
microscopic examination and the remaining

samples were stored at -20°C until
performing DNA extraction for PCR
analysis.

Microscopic examination

Blood smears were prepared and fixed
with methanol for 5 min and stained with
5% giemsa solution for 30 min and then
examined for the presence of Anaplasma
inclusion bodies under oil immersion lens
(x100).

Parasitemia ratio was assessed by
counting the number of infected red blood
cells on examination of at least 200
microscopic fields. The number of infected
cells was then expressed as a percentage.

DNA extraction

DNA extraction was performed by using
molecular biological system transfer kit
(MBST, Iran), based on the manufacturer’s
instructions.

Briefly, 100 pl of blood samples were
lysed in 180 pl lysis buffer and the proteins
were degraded with 20 pl Proteinase K for
10 min at 55°C. After addition of 360 pl
Binding buffer and incubation for 10 min at
70°C, 270 pl ethanol (96%) was added to the
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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
ul washing-buffer. Finally, DNA was eluted
from the carrier using 100 pl Elution buffer.
DNA yields were determined with an
Eppendorf Biophotometer (Germany), and
typical nucleic acids concentration values
ranged between 15 and 25 ng/ul. DNA was
stored at -20°C until subsequent analysis.

Polymerase chain reaction

A PCR method was used to detect
Anaplasma spp. (A. ovis and A. marginale).
One pair of oligonucleotide primers, based
on the MSP4 gene sequence of Anaplasma
spp., was employed. Primers were forward
strand primer 5-TTGTTTACAGGGGGCC
TGTC- 3' and reverse strand primer
5'- GAACAGGAATCTTGCTCCAAG-3',
which were described previously by
Ahmadi-Hamedani et al. (2009).

The PCR was performed in a total
reaction volume of 30 pl containing 3 pl 10
X reaction buffer [100 mM Tris-HCI (pH =
9), 500 mM KCI, 1% Triton X-100], 1.5
mM MgCl,, 250 uM of each of the four
deoxynucleotide triphosphates, 1.5 units of
Taq DNA  polymerase  (Fermentas,
Lithuania) and 20 pmol of each primer. 2 pl
of DNA suspension (30-50 ng) was used as
the template in the PCR.

The amplification was performed in an
automated thermocycler (Corbett Research,
Australia) under the following program: an
initial denaturation step at 94°C for 5 min
followed by 30 cycles at 94°C for 30 s, 59°C
for 1 min and 72°C for 1 min with a final
extension step of 72°C for 5 min.

Then, 10 pl aliquots of the PCR products
were stained with cyber green solution and
electrophoresed through a 1.5% agarose gel.
After electrophoresis, results were visualized
by UV transilluminator. Expected PCR
products for the Anaplasma spp. were 831
bp.

RFLP of PCR products

The A. ovis and A. marginale were
differentiated from each other by PCR-
RFLP using Hpall enzyme similar to the
method of Ahmadi-Hamedani et al. (2009).
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The enzymatic digestion was carried out
in 20 ul reaction mixtures consisting of 10 pl
PCR amplicons, 2 pl 10 X corresponding
buffer, and 0.1 ul (1 U) restriction enzyme
made up to 20 upl with autoclaved triple-
distilled water. The digestion mixture was
incubated at 37°C for 2 h. Restriction
digestions were separated by electrophoresis
on 3% agarose and analysed in UV
transilluminator. The restriction analysis
patterns for Anaplasma spp. are listed in
Table 1.

Table 1: The DNA fragment size expected for
PCR RFLP

Species Hpall
A. ovis 73, 183, 275, 300
A. marginale 92,164, 572

Sequencing of PCR amplicons

For confirmation of PCR product, two
PCR amplicons of MSP4 gene were purified
and subjected to sequencing using dideoxy

chain termination method by Bioneer
Company, South Korea.

Results

Analysis of blood smears

microscopically

Microscopic examination of 119 blood
smears obtained from eight different parts of
Ahvaz and the surrounding area, revealed
that 33.6% (40/119) of sheep were infected
with Anaplasma like structures. In these
samples, the percentage of infected
erythrocytes with Anaplasma inclusions
varied from 0.01 to 1.16% (Figs. 1A, B).

Analysis of blood samples by PCR and
RFLP

In PCR assessment of DNA samples,
87.4% (104/119) of sheep were positive
(Fig. 2).

All microscopically positive samples
were confirmed by PCR. No Anaplasma
inclusions were seen on blood smears of
samples that were negative in PCR.
However, there were 64 PCR positive
samples, which were negative in
microscopic examination.

The results of enzymatic digestion of
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Fig. 1: A and B: Anaplasma inclusions in
erythrocytes of sheep blood smears stained
with giemsa

1 2345 6 7

Fig. 2:

Agarose-gel
Anaplasma spp. PCR products. Lane 1 to 5:
Anaplasma positive samples, Lane 6: Negative
control, and Lane 7: 100 bp DNA ladder

electrophoresis  of

PCR products by Hpall to differentiate
between two species of Anaplasma in sheep,
showed that all the positive blood samples in
the studied areas were positive as A. 0Ovis.
Also, mixed infection with A. marginale was
detected in 50% (52/104) of cases (Fig. 3).
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1000 bp 831 bp
500 bp 572 bp
300 bp
275 bp
183 bp

Fig. 3: RFLP analysis of PCR products of
Anaplasma MSP4 gene by Hpall restriction
enzyme. Lane 1 and 5: A. ovis, Lane 4: A.
ovis/A. marginale, Lane 3: Undigested PCR
product, and Lane 2: 100 bp DNA ladder

Sequencing results of PCR amplicons
The sequencing chromatograms were
viewed and edited by Chromas software and
submitted to GenBank at accession numbers:
JQ621902 and JQ621903. Both of them
showed identities of 99-100% with A. ovis
(GenBank accession number AY702924.1).

The effect of age and sex on the
prevalence of anaplasmosis

In order to investigate Anaplasma
infection rate in sheep of different sex and
age, the data was compared in two groups
based on sheep sex, male (n=50) and female
(n=69), and also in two age groups, less than
one year (n=58) and over one-year-old
(n=61). No significant difference was seen
in the percentage of Anaplasma infection
between male (88%) and female (86.96%)
and also between immature (87.93%) and
mature (86.88%) sheep.

Discussion

Ovine anaplasmosis is a tick-borne
rickettsial disease widespread in tropical and
subtropical areas, which is wusually a
subclinical or mild condition, but moderate
to severe clinical disease is generally
characterized by fever and a variable degree
of anemia and icterus that may occasionally
lead to death (Stoltsz, 2004).

In the present study, microscopic
examination of sheep blood smears acquired
from different areas in Ahvaz and the
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surrounding suburbs, demonstrated that
33.6% of sheep were infected with
Anaplasma like structures. This method has
been frequently employed in previous
studies on ovine and caprine anaplasmosis
prevalence (Razmi et al., 2006; Ahmadi-
Hamedani et al., 2009; Noaman et al.,
2009).

The rate of infected erythrocytes with
Anaplasma inclusions in this study ranged
from 0.01 to 1.16%. This was comparable to
the results of other researches (Noaman and
Shayan, 2010).

However, it is difficult to differentiate
the organism from other similar structures
like Howell-Jolly bodies, or staining
artifacts, especially in carrier animals with
low level of rickettsiaemia (Shompole et al.,
1989; Ndung’u et al., 1995). This makes
microscopic assessment unreliable for the
detection of persistent infections (Noaman
and Shayan, 2010). Hence, alternative
diagnostic techniques, such as serological
tests (Knowles et al., 1996; de la Fuente et
al., 2004) and nucleic acid-based assays
(Molad et al., 2006; Heidarpour Bami et al.,
2010; Noaman and Shayan, 2010) can be
used for detecting tick-borne parasites in
carrier animals.

Anaplasma major surface proteins
(MSPs) have been approved for use in
interactions of the parasite with both
vertebrate and invertebrate hosts, as these
genes evolve more rapidly than others
(Kocan et al., 2004; Brayton et al., 2006).
Therefore, MSP4 gene, which is part of the
MSP2 protein superfamily and is shown to
be useful for the genetic characterization of
Anaplasma spp. (de la Fuente et al., 2007),
was selected in the current study.

The results of PCR-RFLP analysis of the
MSP4 gene in this study revealed that 87.4%
of sheep blood samples were Anaplasma
spp. positive. In RFLP assessment, all PCR
products were A. ovis and mixed infections
with A. marginale were also seen in 50% of
cases.

The presence of multiple transmission
factors and ticks in abundance in the tropical
region, selected for the present study, can
hereby be strongly correlated with the
relatively higher prevalence of A. ovis
infection in sheep hosts.

There was also no significant difference
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in the percentage of Anaplasma infection in
male and female sheep and also in different
age groups. An epidemiological study on
Anaplasma infection in Mashhad suburb,
Khorasan province, Iran which was
performed by Razmi et al. (2006), also
revealed the same results in cattle, sheep,
and goats. It has been shown that sheep and
goats of all ages are susceptible to A. ovis
infection, but older animals may suffer from
a greater reduction in hematocrit values
(Stoltsz, 2004).

In a study in the northeast of Iran
conducted by Ahmadi-Hamedani et al.
(2009) using PCR-RFLP of the MSP4 gene,
63.7% (123/193) of examined goats were
Anaplasma positive, all of which were A.
ovis. They recommended this method as a
useful tool for the detection of A. ovis in
goats. Similarly, de la Fuente et al. (2005)
analysed the prevalence of A. marginale by
PCR and sequence analysis of MSP4
amplicons in Sicily and reported 50%
positivity among the tested bovine samples
(25/50).

In Iran, PCR analysis of A. marginale
168 ribosomal RNA (rRNA) gene on bovine
blood samples showed 58 out of the total
150 blood samples to be positive for
Anaplasma spp. (Noaman and Shayan,
2010). Noaman et al. (2009) also detected
50 A. ovis positive ovine blood samples
using a semi-nested PCR based on 16S
rRNA gene followed by RFLP. A molecular
surveillance of tick-borne diseases of sheep
in the south of Iran, performed by Spitalska
et al. (2005), showed 29.0% Anaplasma spp.
positive blood samples.

Recently, PCR amplification of the
segment spanning the V1 region of the 16S
rRNA gene of Anaplasma species, followed
by reverse line blot (RLB) hybridization
assay identified Anaplasma infections in
9.0% (35/389) of the bovine samples from
Turkey (Aktas et al., 2011).

These findings indicate the superiority of
PCR-based assay over the traditional method
to diagnose Anaplasma infections which are
parallel to the findings of the current
investigation.

The results obtained from the present
study demonstrate that ovine anaplasmosis
caused by A. ovis and A. marginale is
present and highly prevalent (87.4%) in the
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Ahvaz region, southwest Iran and appears to
be the first report of its kind from this area.
Therefore, PCR-RFLP of MSP4 gene can
detect A. ovis and A. marginale infection
even at low levels frequently exhibited in
apparently healthy carrier animals and can
serve as a beneficial diagnostic tool under
field conditions.

Acknowledgements

The authors would like to acknowledge
all  veterinarians and technicians in
Veterinary Organization of Ahvaz and
Faculty of Veterinary Medicine, Shahid
Chamran University of Ahvaz who helped in
sample collection. We also thank the staff in
the Cellular and Molecular Biology
Research Center, Shahid Beheshti
University of Medical Sciences, Tehran,
Iran, for their excellent technical assistance.

References

Aguirre, DH; Gaido, AB; Vinabal, AE; de
Echaide, ST and Guglielmone, AA (1994).
Transmission of Anaplasma marginale with
adult Boophilus microplus ticks fed as
nymphs on calves with different levels of
rickettsaemia. Parasite. 1: 405-407.

Ahmadi-Hamedani, M; Khaki, Z; Rahbari, S;
Kazemi, B and Bandehpour, M (2009).
Molecular identification of anaplasmosis in
goats using a new PCR-RFLP method.
Iranian J. Vet. Res., 10: 367-372.

Aktas, M; Altay, K and Dumanli, N (2011).
Molecular detection and identification of
Anaplasma and Ehrlichia species in cattle
from Turkey. Ticks Tick-borne Dis., 2: 62-
65.

Al-Amery, MAY and Hasso, SA (2002).
Laboratory diagnosis of novel species of
Theileria hirci, Eimeria caprovina and
Eimeria pallida in goats in Iraq. Small Rum.
Res., 44: 163-166.

Bekker, CP; de Vos, A; Taoufik, A; Sparagano,
OA and Jongejan, F (2002). Simultaneous
detection of Anaplasma and Ehrlichia species
in ruminants and detection of Ehrlichia
ruminantium in Amblyomma variegatum ticks
by reverse line blot hybridisation. Vet.
Microbiol., 89: 223-238.

Brayton, KA; Palmer, GH and Brown, WC
(2006). Genomic and proteomic approaches
to vaccine candidate identification for
Anaplasma marginale. Expert Rev. Vaccines.
5:95-101.

55

Carelli, G; Decaro, N; Lorusso, A; Elia, G;
Lorusso, E; Mari, V; Ceci, L and
Buonavoglia, C (2007). Detection and
quantification of Anaplasma marginale DNA
in blood samples of cattle by real-time PCR.
Vet. Microbiol., 124: 107-114.

de Echaide, ST; Knowles, DP; McGuire, TC;
Palmer, GH; Suarez, CE and McElwain, TF
(1998). Detection of cattle naturally infected
with Anaplasma marginale in a region of
endemicity by nested PCR and a competitive
enzyme linked immunosorbent assay using
recombinant major surface protein 5. J. Clin.
Microbiol., 36: 777-782.

de la Fuente, J; Atkinson, MW; Naranjo, V;
Fernandez de Mera, IG; Mangold, AlJ;
Keating, KA and Kocan, KM (2007).
Sequence analysis of the MSP4 gene of
Anaplasma ovis strains. Vet. Microbiol., 119:
375-381.

de la Fuente, J; Passos, LMF; van den Bussche,
RA; Ribeiro, MFB; Facury-Filho, EJ and
Kocan, KM (2004). Genetic diversity and
molecular  phylogeny of  Anaplasma
marginale strains from Minas Gerais. Braz.
Vet. Parasitol., 121: 307-316.

de la Fuente, J; Torina, A; Caracappa, S;
Tumino, G; Furla, R; Almazan, C and Kocan,
KM (2005). Serologic and molecular
characterization of Anaplasma species
infection in farm animals and ticks from
Sicily. Vet. Parasitol., 133: 357-362.

Heidarpour Bami, M; Khazraiinia, P;
Haddadzadeh, HR and Kazemi, B (2010)
Identification of Theileria species in sheep in
the eastern half of Iran using nested PCR-
RFLP and microscopic techniques. Iranian J.
Vet. Res., 11: 262-266.

Knowles, DP; Torioni de Echaide, S; Palmer,
GH; McGuire, TC; Stiller, D and McElwain,
TF (1996). Antibody against an Anaplasma
marginale MSP5 epitope common to tick and

erythrocyte stages identifies persistently
infected cattle. J. Clin. Microbiol., 34: 2225-
2230.

Kocan, KM; de la Fuente, J; Blouin, EF and
Garcia-Garcia, JC (2004). Anaplasma
marginale (Rickettsiales: Anaplasmataceae):
recent advances in defining host-pathogen
adaptations of a tick-borne rickettsia.
Parasitology. 129: 285-300.

Melendez, RD (2000). Future perspective on
veterinary hemoparasite research in the tropic
at the start of this century. Ann. N. Y. Acad.
Sci., 916: 253-258.

Molad, T; Mazuz, ML; Fleiderovitz, L; Fish, L;
Savitsky, I; Krigel, Y; Leibovitz, B; Molloy,
J; Jongejan, F and Shkap, V (2006).
Molecular and serological detection of A.



Iranian Journal of Veterinary Research, Shiraz University, 2013, Vol. 14, No. 1, Pages 50-56

centrale and A. marginale-infected cattle
grazing within an endemic area. Vet.
Microbiol., 113: 55-62.

Nabian, S; Rahbari, S; Changizi, A and Shayan,
P (2009). The distribution of Hyalomma spp.
ticks from domestic ruminants in Iran. Med.
Vet. Entomol., 23: 281-283.

Nazifi, S; Razavi, SM; Mansourian, M;
Nikahval, B and Moghaddam, M (2008).
Studies on correlations among parasitaemia
and some hemolytic indices in two tropical
diseases (theileriosis and anaplasmosis) in
Fars province of Iran. Trop. Anim. Health
Prod., 40: 47-53.

Ndung’u, LW; Aguirre, C; Rurangirwa, FR;
McElwain, TF; McGuire, TC; Knowles, DP
and Palmer, GH (1995). Detection of
Anaplasma ovis infection in goats by major
surface protein 5 competitive inhibition
enzyme-linked immunosorbent assay. J. Clin.
Microbiol., 33: 675-679.

Noaman, V (2012). Identification of hard ticks
collected from sheep naturally infected with
Anaplasma ovis in Isfahan province, central
Iran. Comp. Clin. Pathol., 21: 367-369.

Noaman, V and Shayan, P (2010). Comparison
of microscopy and PCR-RFLP for detection
of Anaplasma marginale in carrier cattle.
Iran. J. Microbiol., 2: 89-94.

Noaman, V; Shayan, P and Shahmoradi, AH
(2009). Detection of Anaplasma ovis based
on 16S rRNA gene by PCR-RFLP in sheep
from central part of Iran. J. Vet. Med. Lab., 1:
27-37 (in Persian).

Rahbari, S; Nabian, S and Shayan, P (2007).
Primary report on distribution of tick fauna in
Iran. Parasitol. Res., 101: 175-177.

Razmi, GR; Dastjerdi, K; Hosseini, H; Naghibi,
A; Barati, F and Aslani, MR (2006). An
epidemiological study on  Anaplasma
infection in cattle, sheep, and goats in

56

Mashhad suburb, Khorasan province, Iran.
Ann. N. Y. Acad. Sci., 1078: 479-481.

Sainz, A; Amusategui, I and Tesouro, MA
(1999). Ehrlichia platys infection and disease
in dogs in Spain. J. Vet. Diag. Inves., 11:
382-384.

Shompole, S; Waghela, SD; Rurangirwa, FR and
McGuire, TC (1989). Cloned DNA probes
identify Anaplasma ovis in goats and reveal a
high prevalence of infection. J. Clin.
Microbiol., 27: 2730-2735.

Spitalska, E; Namavaria, MM; Hosseini, MH,;
Shad-deld, F; Amrabadi, OR and Sparagano,
OAE (2005). Molecular surveillance of tick-
borne diseases in Iranian small ruminants.
Small Rum. Res., 57: 245-248.

Splitter, EJ; Anthony, HD and Twiehaus, MJ
(1956). Anaplasma ovis in the United States:
experimental studies with sheep and goats.
Am. J. Vet. Res., 17: 487-491.

Splitter, EJ; Twichaus, MJ and Castro, ER
(1955) Anaplasmosis in sheep in the United
States. J. Am. Vet. Med. Assoc., 127: 244-
245.

Stoltsz, WH (2004). Ovine and caprine
anaplasmosis. In: Coetzer, JAW and Tustin,
RC (Eds.), Infectious diseases of livestock.
(2nd Ed.), Cape Town, Oxford University
Press. 1: 617-624.

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. Ann. N. Y.
Acad. Sci., 990: 433-434.

Zaeemi, M; Haddadzadeh, H; Khazraiinia, P;
Kazemi, B and Bandehpour, M (2011).
Identification of different Theileria species
(Theileria lestoquardi, Theileria ovis, and
Theileria annulata) in naturally infected
sheep using nested PCR-RFLP. Parasitol.
Res., 108: 837-843.



