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Abstract: Several tick-borne diseases with different etiological agents such as rickettsia, protozoa, bacteria and
viruses can infect domestic ruminants. The only common feature between these diseases is that they can all
be transmitted by ticks. Of these, Anaplasma spp. can cause diseases in the livestock with high economical
losses. The Giemsa staining of blood smear is the common traditional method for the identification and
characterization of anaplasmosis in Iran. The most specific method for the differential diagnosis of anaplasmosis
is the method of polymerase chain reaction. Three hundred blood samples and corresponding blood smears
of 150 cattle and 150 sheep without any signs of diseases were prepared from a region in Isfahan / Iran with the
previous history of anaplasmosis. The blood smears were first analyzed by Giemsa staining and DNA extraction
was  performed  only  on  blood  samples  with presence of Anaplasma spp. in marginal point of erythrocytes
in  their  blood  smears.  The extracted DNA from blood cells were analyzed by A. marginale A. ovis specific
semi-nested PCR and PCR-RFLP using primers derived from 16S rRNA gene and restriction endonuclease
Bst1107 I. The restriction endonuclease Bst1107I recognizes the sequence (GTATAC) in corresponding PCR
product of A. marginale and cut it in the position 68, whereas the used restriction enzyme can not cut the
corresponding PCR product of A. ovis (GTACGC).
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INTRODUCTION Several serological tests have been established for

Species   of   the     genus   Anaplasma cross reactivity between different Anaplasma species,
(Rickettsiales:  Anaplasmataceae)   are   obligate these  tests  are  not  applicable for differential diagnosis
intracellular    agents     [1]     and     anaplasmosis     is   a [4, 8, 9, 10, 11].
tick   born  infectious   disease   of   cattle,   sheep,  goat Several molecular methods have been developed to
and other domestic ruminants. Bovine anaplasmosis identify Anaplasma species but a sensitive and specific
caused by A. marginale is one of the most important molecular method based on DNA analysis is still needed
diseases  of  ruminants  worldwide  and  causing for reliable discrimination between different Anaplasma
significant  economic losses in the tropical and species [7, 12, 13, 14]. PCR methods based on the 16S
subtropical areas [2, 3] while A. ovis infected domestic rRNA gene was already used for differentiation of genus
sheep without causing  severe  disease  and  is  not Anaplasma [6] but the sequence strong similarity of this
infectious for cattle [4, 5]. gene in A. marginale and A. ovis do not let to use the

Diagnosis    of    both   A.   marginale   and   A.  ovis simple PCR method for discrimination between these two
is  performed  routinely  by  their  hosts  and species.  The  16S  rRNA  sequence of A. marginale and
morphological identification based on location of A. ovis differed only in two positions within hyper
inclusion bodies   marginally   within   the   erythrocytes variable region (V1) and designing of species-specific
[6].  Giemsa-stained   blood   smears   can   be   indeed primers is near to impossible according to the routinely
used  as   a suitable   method   to   detect   Anaplasma used equipments in laboratories in Iran.
agents   in    the    animals    clinically    suspected   for The aim of the present study was to develop a
acute   anaplasmosis,   but   it    is    not    applicable   for species-specific PCR-RFLP test based on 16S rRNA gene
the determination of pre-symptomatic and carrier animals for discrimination between A. marginale and A. ovis in
[7]. their hosts.

diagnosis of Anaplasma species but due to the antigen
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MATERIALS AND METHODS Polymerase  (Cinnagen,  Iran), 2 µl of each primer (P1/P2,

Collection of Blood Samples: 60 farms in Isfahan and dGTP (Fermentas) and 1.5 mM MgCl  in automated
province, central part of Iran, were selected for the study Thermocycler (MWG, Germany) with the following
based on their history of out break of anaplasmosis. program: 5 min incubation at 95°C to denature double
Blood samples were collected from jugular vein of 150 strand DNA, 35-38 cycles of 45 s at 94°C (denaturing
cattle and 150 sheep. Five hundred micro liters of each step), 45 s at 56°C (annealing step) and 45 s at 72°C
collected blood samples was fixed with 1 ml 96% ethanol (extension step). Finally, PCR was completed with the
in 1.5 ml sterile eppendorf tubes. Additionally, one thin additional extension step for 10 min. The PCR products
blood smears were prepared immediately after each blood were analyzed on 2% agarose gel in 0.5 times TBE buffer
collections. The blood smears were air dried, fixed in and visualized using ethidium bromide and UV-eluminator.
methanol, stained with Giemsa and analyzed for the To control the specificity of the PCR products for the 16S
presence of A. marginale and A. ovis in the erythrocytes. rRNA gene of Anaplasma spp., nested PCR technique
All smears were carefully examined at least 50 fields per was used, in which the additional primers (P3/P4) from the
slide  and  presence  of  Anaplasma spp. was recorded. same gene were designed upstream from forward primer
Ten cattle and ten sheep blood samples were selected for (P1) and downstream from reverse primer (P2)
molecular analysis. respectively.  For  the determination of A. marginale and

DNA Extraction: DNA extraction was performed only on hyper  variable  region  (V1)  of  the 16S rRNA gene and
blood samples with presence of Anaplasma spp. in the specificity was determined using primers P1/P5 by
marginal point of erythrocytes in their blood smears. semi-nested PCR. Nested and semi-nested PCR were

DNA was extracted using a DNA isolation kit (MBST, performed with the PCR product isolated from agarose gel
Iran) according to the manufacturer's instructions. Briefly, using the MBST-Kit according to the manufacturer's
5 mm  big pieces of fixed blood samples was first air dried instructions. Briefly, the DNA bands were cut from the gel3

and subsequently lysed in 180 µl lysis buffer and the under UV control and dissolved in the binding buffer at
proteins were degraded with 20 µl proteinase K for 10 min 60°C. The dissolved agarose was transferred into the
at 55°C. After addition of 360 µl Binding buffer and MBST-column. After washing, the bound DNA was
incubation  for  10 min  at  70°C,  270 µl   ethanol  (96%) eluted with 30 µl TE-buffer. One to five micro liter of the
was added to the solution and after vortexing, the eluted DNA was amplified with the primers P3/P4 or P1/P5
complete volume was transferred to the MBST-column. separately. In addition, nested and semi-nested PCR was
The MBST-column was first centrifuged and then washed performed directly with 1 µl PCR product as well. The
twice with 500 µl washing-buffer. Finally, DNA was eluted primers are listed in the Table 1.
from the carrier using 100 µl Elution buffer. The amount of
extracted DNA and its purity was measured by OD  and PCR Product Purification: PCR product was purified260

the ratio of OD  to OD  respectively. In addition the from the salts and proteins using PCR purification kit260 280

extracted DNA was analyzed on agarose gel before use. (MBST, Iran). Briefly, 200 µl binding buffer was added to

Polymerase Chain Reaction, Nested PCR and Semi- ethanol (96%) to the sample, the mixture was transferred
Nested PCR: Approximately 100 to 500 ng DNA was used into the column. The column was washed twice with
for the PCR analysis. The PCR was performed in 100 µl washing buffer and PCR product was eluted from the
total  volume  including  one time  PCR  buffer,  2.5 U Taq column using 100 µl elution buffer.

20 µM, Cinnagen), 200 µM of each dATP, dTTP, dCTP
2

A. ovis an additional primer (P5) was designed from the

100 µl PCR product solution. After adding of 150 µl

Table 1: Anaplasma spp. specific Primers

Primer Accession No. in GenBank Nucleotid sequences Positions PCR-product

P1 M60313 5` agagtttgatcctggctcag 3` 1-20 781bp

P2 M60313 5` agcactcatcgtttacagcg 3` 781–762

P3 M60313 5'gcaagcttaacacatgcaagtc3' 35-56 543bp

P4 M60313 5'gttaagccctggtatttcac3' 577-558

P5 M60313 5` ctatgcattactcacccgtctgccac taaccatacacgcagcaagctgcg 3` 120–71 120bp
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PCR-RFLP: After purification of the primary PCR samples with Anaplasma common primer pair P1/P2
product, DNA sample was amplified using P1/P5 primers; revealed an expected PCR product of 781 nucleotides in
it resulting in a PCR product of 120 bp for A. marginale length. To confirm that the PCR products were
and A. ovis. The PCR products were purified from enzyme Anaplasma spp. specific, the PCR products were amplified
and  salts  using  PCR-product  purification  kit  (MBST). with the primers P3/P4, which were designed from the
10 µl of purified PCR product was then cut with 0.1 µl region flanked by the primers P1/P2. All PCR products
restriction endonuclease Bst 1107 I (Roche, Germany, could be amplified with the above mentioned primer pair
10U/ µl) in 2.5 µl 10 x corresponding buffer and 12.5 µl H O (P3/P4), which denoted that the first PCR product belongs2

for 1 h by 37°C. As control 10 µl PCR products was to the 16S rRNA gene of Anaplasma spp. The amplified
treated with 2.5 µl 10 x corresponding buffer and 12.5 µl nested  PCR  product  had  an expected PCR product of
H O without adding of enzyme. 543 nucleotides in length. Detection of A. marginale and2

RESULTS nucleotide sequences of small hyper variable region

Analysis of Blood Smears: Microscopic examination of all PCR products with primers P1/P5 resulted in the
150 Giemsa stained cattle blood smears revealed that the expected semi-nested PCR product of 120 bp (Fig. 2A).
limited amount of erythrocytes in 75 blood samples For  the discrimination  between  A.  marginale and
harbored Anaplasma marginale like structures (Fig. 1A). A. ovis, the semi-nested PCR products were analysed by
Due to the restricted amount of infected erythrocytes in PCR-RFLP method. For this aim, the DNA was first
samples, the exact discrimination between Anaplasma like amplified using P1/P2 primers. After purification of the
organisms and structures like Heinz bodies, Howell-Jolly PCR product from the agarose gel, the extracted DNA was
bodies or staining artifacts was in several cases not amplified using P1/P5 primers. Then the later PCR product
possible. The microscopic examination of Giemsa stained was purified and cut with the restriction endonuclease Bst
blood smears from 150 sheep revealed that 50 blood 1107I. The restriction endonuclease Bst 1107I recognizes
smears had Anaplasma ovis like structures (Fig. 1B). the sequence (GTATAC) in corresponding PCR product

Analysis of Blood Samples by PCR, Semi-Nested PCR, used restriction enzyme can not cut the corresponding
Nested PCR and PCR-RFLP: Ten cattle and ten sheep PCR product of A. ovis (GTACGC). PCR-RFLP Analysis of
blood  samples  (positive  in microscopic examination) 10 PCR products derived from blood samples of cattle
were tested in parallel by PCR, nested PCR, semi-nested showed that all PCR products could be cut in two
PCR  and  PCR-RFLP.  The  extracted DNA from blood expected DNA fragments with 68 bp and 52 bp in length
cells were analyzed by A. marginale and A. ovis specific respectively, whereas the restriction enzyme could not cut
semi-nested PCR using primers derived from 16S rRNA the 10 PCR products derived from blood samples of sheep
gene.  PCR   analysis   of  the  DNA  isolated  from  blood (Fig. 2B).

A. ovis was performed using primer (P5) designed from the

specific for of A. marginale and A. ovis. Amplification of

of A. marginale and cut it in the position 68, whereas the

Fig. 1: Analysis of blood smears (A: cattle, B: Sheep) by Giemsa staining. A. marginale and A. ovis were detected in the
erythrocytes (arrow)
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Fig. 2: Analysis of DNA isolated from blood by PCR and PCR-RFLP.A: DNA was amplified with primer P1/P2 resulting
in PCR product of 781bp in length (lane 1). The PCR product amplified using P1/P2 (781bp line 1) was re-amplified
with P3/P4 resulting in PCR product of 544 (lane 2, 3). PCR product of 781bp was amplified by primers P1/P5
resulting in PCR product of expected 120bp in length (lane 4). B: PCR products of 120bp (P1/P5) of A. marginale
and A. ovis, lane1 and lane3 respectively without adding of enzyme (control). The restriction endonuclease
BST1107I could digest PCR product of the 16S rRNA gene of A. marginale (lane 2) but not  to  A.  ovis  (lane  4).
M= 100 bp molecular marker

DISCUSSION most  probably  can  not   cause   a   persistent  infection

Anaplasmosis  is  an  important  diseases  caused A. marginale and A. ovis inclusion bodies locate
high economical loses in cattle industry In Iran. In marginally within the erythrocytes of Giemsa stained
contrast, industry ovine anaplasmosis do not cause blood smears [17]. This morphological similarity makes
severe disease, but can under certain circumstances like very difficult to differentiate these two species from each
exposing to stress or other predisposing factors cause other in animals with mix infection.
disease. It is believed that the bacteria anaplasma can Furthermore microscopic examination of Giemsa
persist in animal recovered from acute anaplasmosis [15] stained blood smears especially from carrier animals is
and can function as risk for health management in accompanied with several problems. First of all, due to the
livestock industry. very low amount of infected erythrocytes in carrier

A. marginale and A. ovis are haemoparasite with animals, the detection of good stained Anaplasma
similarity in morphology, biology and transmission by organisms is very limited. Additionally the differentiation
ixodid ticks. But beside these similarities, they are between Anaplasma bodies and structures like Heinz
different in the capacity to infect their hosts. bodies, Howell-Jolly bodies or staining artifacts, which

Splenectomized calves infected with A. ovis failed to often seen in Giemsa stained blood smears need special
develop a demonstrable parasitemia and they do not show experiences.
any signs of infection. In contrast, the splenectomized Therefore, several serological tests have been
sheep inoculated with A. marginale showed a low level established. Unfortunately, because of antigen cross
parasitemia [16]. It is known that A. marginale  can  infect reactivity, these tests are not applicable for discriminate
both cattle and sheep. In comparison with that, A. ovis between different Anaplasma species [5, 8, 9].

in cattle.  Lew et al.,  (2003)  showed that the majority of
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Fig. 3: Alignments of sequences (60-120) of the 16S rRNA genes A. marginale and A. ovis. Recognition site of restriction
endonuclease BST1107I in A. marginale (arrow)

Molecular methods, based on the DNA with a high Therefore we developed a PCR-RFLP method using
degree of sensitivity and specificity, have been developed restriction endonucleasis enzyme Bst1107I which
[7, 12, 13, 14]. Amplification of 16S rRNA gene is recognizes  the  nucleotide   sequences   of  CGATCG.
commonly used for detection of Anaplasma/Ehrlichia This sequence is present in the resulting PCR product of
genera. 16S rRNA gene of A. marginale with primer pair P1/P5 but

Comparison of the first 120 nucleotide sequences of not in corresponding PCR product of A. ovis. Thus, the
different available accession numbers of the nucleotide presented sandwich PCR and PCR-RFLP method in this
sequences of the 16S rRNA gene of A. marginale paper is able to differentiate A. marginale and A. ovis from
(AJ633048, AF309866, AF309868, AY048816, AF309867, other Anaplasma species and additionally A. marginale
AF311303, AF414877, AF414871, AF414874, AF414878, from A. ovis.
AF414872) and A. ovis (AF318945, AJ633049, AJ633050,
AJ633051, AJ633052 (in GenBank showed that they REFERENCES
distinguish  only  in  two  positions  from  each  others
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