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Abstract:

Background: Anaplasmosis belongs to the complex of several tick-borne diseases and can cause diseases in the livestock
with high economical losses. Cattle that recover from acute infection become carriers and the parasite can persist most
probably for the lifetime in the blood. The aim of the present study was the determination of the persistently infected cattle
in a region of Iran with the previous history of acute anaplasmosis.

Methods: One hundred and fifty blood samples and corresponding blood smears of cattle without any signs of diseases
were prepared from a region in Isfahan/ Iran with the previous history of acute anaplasmosis from March 2007 to July 2007
for cross sectional study of carriers of Anaplasma. The blood smears were first screened by Giemsa staining, the extracted
DNA from blood cells were analyzed by Anaplasma marginale specific nested PCR, and PCR-RFLP using primers derived
from 16S rRNA gene and restriction endonuclease Bst1107 1.

Results: Anaplasma like structures could be identified in the limited amount of erythrocytes of 75 blood smears. In these
samples, the percentage of erythrocytes harboring Anaplasma like structures varied from 10°% to 10%. Nested-PCR and
PCR-RFLP analysis showed 58 A. marginale positive cases within 75 Anaplasma suspected blood samples. In 150 total
blood samples, 50% were A. marinale positive.

Conclusion: Our results revealed that the traditional Giemsa staining method is not applicable for the determination of the
persistently infected cattle. In addition, the results showed that the carrier animals must be widespread in the Anaplasma
endemic areas in Iran.
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Introduction

Acute anaplasmosis, caused by A. marginale, is
one of the most important diseases of ruminants
worldwide, causing significant economic losses

pecies of the genus Anaplasma
(Rickettsiales: ~ Anaplasmataceae) are
obligate intracellular etiological agents of

tick borne diseases of mammalian hosts (1),
includes the causative agents of anaplasmosis
of ruminants. Of these erythrocytic Anaplasma
spp., three species, two infecting cattle (A.
marginale and A. centrale) and one in sheep
and goats (A. ovis) were well-recognized (2- 4).
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in the tropical and subtropical areas (5, 6).

The disease is characterized by a progressive
hemolytic anemia associated with fever, weight
loss, abortion, decreased milk production and in
some cases death of the infected cattle (7). Di-
agnosis of bovine anaplasmosis performed rou-
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tinely by Giemsa-staining of blood smear of
clinically suspected animals in Iran. Giemsa-
stained blood smears can be indeed used as a
suitable method to detect Anaplasma in the
animals clinically suspected for acute diseases,
but it is not applicable for the determination of
pre-symptomatic and carrier animals (8). It
seems that the cattle recovered from acute
anaplasmosis function as long-term or lifetime
carrier (9). Eriks et al. (10) reported that cycli-
cal levels of Rickettsia in persistently infected
cattle fluctuate between 10> and 10’ infected
erythrocytes/ml, with the lowest levels lasting
approximately 5-8 days of every 5-6-week cy-
cle. Since the persistently infected cattle can
serve as a reservoir for the spread of A. mar-
ginale, they will be important for both herd
health management and movement of animals
into and out of the endemic areas (11). Gale et
al. (12) showed that only levels of 10° infected
erythrocytes per ml could be detected by
Giemsa staining. Therefore, several serological
tests have been established. Unfortunately, be-
cause of antigen cross reactivity, these tests do
not discriminate between different Anaplasma
species (11, 13, 14). Molecular methods, with a
high degree of sensitivity and specificity, have
been developed to identify A. marginale DNA
(8,15-17). In Iran, anaplasmosis are diagnosed
based up on traditional morphological charac-
teristics of Giemsa-stained blood smears, which
is not surely applicable for the identifying of
the carrier animals.

The aim of the present study was the determi-
nation of the persistently infected cattle in a re-
gion of Iran with the previous history of acute
anaplasmosis.

Material and Methods

Collection of blood Samples
From March 2007 to July 2007, 30 farms in Is-
fahan Province, central part of Iran, were se-
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lected for the study based on their history of
outbreak of bovine anaplasmosis. Blood sam-
ples were collected from jugular vein of 150
Friesian and crossbred cattle ranging between 1
and 9 years. Five hundred micro liters of each
collected blood samples was fixed with 1 ml
96% ethanol in 1.5 ml sterile eppendorf tubes.
Additionally, two thin blood smears were pre-
pared immediately after each blood collections.
The blood smears were air dried, fixed in
methanol, stained with Giemsa and examined
microscopically for the presence of A. mar-
ginale in the erythrocytes. All smears carefully
examined to estimate the Percent Parasitized
Erythrocytes (PPE) as described by Coetzeea et
al. (18). To determine the carrier status of cat-
tle, DNA was extracted from the whole blood
and examined using specific primers derived
from Anaplasma 16S rRNA gene.

DNA extraction

DNA was extracted using a DNA isolation kit
(MBST, Iran) according to the manufacturer's
instructions. Briefly, ca. 5 mm’ big pieces of
fixed blood samples was first air dried and sub-
sequently 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 wl ethanol (96%) was added to the
solution and after vortexing, the complete vol-
ume was transferred to the MBST-column. The
MBST-column was first centrifuged, and then
washed twice with 500 pl washing-buffer. Fi-
nally, DNA was eluted from the carrier using
100 pl Elution buffer. The amount of extracted
DNA and its purity was measured by OD** and
the ratio of OD** to OD** respectively. In ad-
dition, the extracted DNA was analyzed on aga-
rose gel before use.

Polymerase chain reaction and semi-nested
PCR

Approximately 100 to 500 ng DNA was used
for the PCR analysis. The PCR was performed
in 100 pl total volume including one time PCR
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buffer, 2.5 U Taq Polymerase (Cinnagen, Iran),
2 ul of each primer (P1/P2, 20 uM, Cinnagen),
200 uM of each dATP, dTTP, dCTP and dGTP
(Fermentas) and 1.5 mM MgCl, in automated
Thermocycler (MWG, Germany) with the fol-
lowing program: 5 min incubation at 95°C to
denature double strand DNA, 35-38 cycles of
45s at 94°C (denaturing step), 45s at 56°C
(annealing step) and 45 s, at 72°C (extension
step). Finally, PCR was completed with the ad-
ditional extension step for 10 min. The PCR
products were analyzed on 1.8% agarose gel in
0.5 times TBE buffer and visualized using
ethidium bromide and UV-eluminator. To
control the specificity of the PCR products for
the 16S rRNA gene of Anaplasma spp., nested
PCR technique was used, in which the addi-
tional primers (P3/P4) from the same gene were
designed upstream from forward primer (P1)
and downstream from reverse primer (P2) re-
spectively. For the determination of A. mar-
ginale an additional primer (P5) was designed
from the hyper variable region of the 16S rRNA
gene and the specificity was determined using
primers P1/P5 by semi-nested PCR. Nested and
semi-nested PCR were performed with the PCR
product isolated from agarose gel using the
MBST-Kit according to the manufacturer's in-
structions. Briefly, the DNA bands were cut
from the gel under UV control and dissolved in
the binding buffer at 60°C. The dissolved aga-
rose was transferred into the MBST-column.
After washing, the bound DNA was eluted with
30 pl TE-buffer. One to five micro liter of the
eluted DNA was amplified with the primers
P3/P4 or P1/P5 separately. In addition, nested
and semi-nested PCR was performed directly
with one pl PCR product as well. The primers
are listed in the Table 1.

PCR product purification

PCR product was purified from the salts and
proteins using PCR purification kit (MBST,
Iran). Briefly, 200 pl binding buffer was added
to 100 ul PCR product solution. After adding of
150 pl ethanol (96%) to the sample, the mixture

was transferred into the column. The column
was washed twice with washing buffer and
PCR product was eluted from the column using
100 pl elution buffer.

PCR-RFLP

The extracted DNA from blood samples was
amplified using P1/P4 primers, resulted a PCR
product of 577 bp for all Anaplasma spp. The
PCR products were purified from enzyme and
salts using PCR-product purification kit
(MBST). Ten pl of purified PCR product was
then cut with 0.1 pl restriction endonuclease
Bst 1107 I (Roche, Germany, 10U/ pl) in 2.5 pl
10 x corresponding buffer and 12.5 pl H,O for
1 h by 37°C. As control 10 pl PCR products
was treated with 2.5 pl 10 x corresponding
buffer and 12.5 pl H,O without adding of en-
zZyme.

Results

Analysis of blood smears

Microscopic ~ examination revealed that
75(50%) blood smears out of 150 had
Anaplasma like structures (ALS). All smears
carefully were examined to estimate the Percent
Parasitized Erythrocytes (PPE). In these sam-
ples, the percentage of erythrocytes harboring
ALS varied from 10°% to 102% (Fig. 1).

Analysis of blood samples by Nested-PCR and
PCR-RFLP

The DNA was extracted from 150 blood sam-
ples. The purity of the DNA probes was meas-
ured and the ration of OD** to OD**” was be-
tween 1.7 and 1.9. The amplification of the
DNA probes isolated from 75 blood samples, in
which ALS were detected showed an expected
PCR product of 781 bp in only 58 samples (ap-
proximately 77%). The nucleotide sequence of
16S rRNA gene is much conserved in
Anaplasma spp. and the primers P1/P2 can am-
plify the corresponding gene in A. marginale,
A. centrale, A. bovis, A. phagocytophilum and
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A. ovis. Twenty three percent of these samples
were negative. PCR analysis of the DNA iso-
lated from the rest 75 blood samples, in which
no Anaplasma like structures were detected re-
vealed the same expected PCR product in 17
DNA probes. Seventy seven percent of these 75
blood samples were Anaplasma negative. To
confirm that the PCR products were Anaplasma
spp. specific, the PCR products were amplified
with the primers P3/P4, which were designed
from the region flanked by the primers P1/P2.
All PCR products could be amplified with the
abovementioned primers (P3/P4), which de-
noted that the first PCR product belongs to the
16S rRNA gene of Anaplasma spp. The ampli-
fied nested PCR product had an expected PCR
product with 543 nucleotides in length (Fig.
2B). 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. Therefore,
another control experiment was performed us-
ing primer (P5) designed from the nucleotide
sequences of A. marginale small hyper variable
region. Amplification of all 75 PCR products
with primers P1/P5 resulted in the semi nested
PCR product of 120 bp (Fig. 2C). Since the nu-
cleotide sequence of primer PS5 has a high ho-

mology to the corresponding sequences in A.
centrale published under accession no.
AF414868 and AF414869 and A. ovis pub-
lished under accession no. AF414870 and
AF309865, the certain differentiation of these
three species from each other was not given.
Therefore, for the determination of the speci-
ficity of the PCR products for A. marginale,
PCR-RFLP method was used. For this aim, the
DNA was first amplified using P1/P2 primers.
After purification of this PCR product from the
agarose gel, the extracted DNA was amplified
using P1/P4 primers. Then the later PCR prod-
uct was purified and cut with the restriction en-
donuclease Bst1107I. The restriction endonu-
clease Bstl1071 recognizes the sequence
(GTATAC) in corresponding PCR product of
A.marginale and cut it in the position 68,
whereas the used restriction enzyme cannot cut
the corresponding PCR product of A. ovis
(GTACGQC) or A. centrale (GTACGC).
Analysis of all 75 Anaplasma positive PCR
products with the restriction endonuclease
Bst11071 showed that all PCR products could
be cut in two expected DNA fragments with
509 bp and 68 bp in length respectively (Fig.
2D).

Tablel: Anaplasma spp. specific primers

PCR-product positions Nucleotid sequences Accession No. in Gen- Primer
Bank
781bp 1-20 5" agagtttgatcctggctcag 3° M60313 P1
781-762 5" agcactcatcgtttacageg 3° M60313 P2
543bp 35-56 S'gcaagcttaacacatgcaagtc3’ M60313 P3
577-558 S'gttaagccctggtatttcac3’ M60313 P4
120bp 120-71 5 ctatgcattactcacccgtctgecac  taaccata- M60313 P5

cacgcagcaagctgeg 3°
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Fig. 1: Blood smear was analyzed by Giemsa staining Anaplasma like structure is to detect in one of the erythro-
cytes (arrow)
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Fig. 2: DNA isolated from blood was analysed by PCR and PCR-RFLP.A: DNA from 3 cattle was amplified
with primer P1/P2 resulting in PCR product of 781bp in length. B: The PCR product amplified using P1/P2
(781bp lane 2) was re-amplified with P3/P4 resulting in PCR product of 544(lane 1). Lane 3 is negative control.
C: PCR product of 781bp was amplified by primers P1/P5 resulting in PCR product of expected 120bp in length.
D: PCR product of 577bp (P1/P4) lane 1 was cut with restriction endonuclease BST11071I resulting in DNA
fragment of 509bp (lane 2)
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Discussion

Anaplasmosis is an important disease caused
high economical loses in cattle industry in Iran.
It is believed that Anaplasma can persist in cat-
tle recovered from acute anaplasmosis (9) and
can function as risk for health management in
cattle industry. To determine the persistently
infected cattle, blood samples from 150 cattle
housing in region of province Isfahan (Iran)
with the history of anaplasmosis were analyzed.
Since, diagnosis of Anaplasma infection is de-
tected by traditional Giemsa staining method in
Iran; we have analyzed the blood samples by
Giemsa staining and by PCR techniques, to
have the possibility to compare the detection
methods with each other.

Our results showed that Anaplasma like struc-
tures could be detected in erythrocytes of 50
percent of the total blood samples. The percent-
age of erythrocytes harboring Anaplama like
structures varied from 10°% to 107%. Our re-
sults were comparable to the results of Eriks et
al. (10). Erikes et al. (10) reported that cyclical
levels of Rickettsia in persistently infected cat-
tle fluctuate between 10> and 10’ infected
erythrocytes/ml. Due to the very low amount of
the Anaplasma infected erythrocytes in carrier
cattle, and due to the difficulty in differentiation
between Anaplasma organisms and structures
like Heinz bodies, Howell-Jolly bodies or
staining artifacts, which often seen in Giemsa
stained blood smears, DNA from corresponding
blood samples were analyzed by PCR. PCR,
nested PCR and PCR-RFLP analysis showed
that 75 out of the total 150 blood samples were
A. marginale positive. Interestingly, Anaplasma
like structures could be detected in erythrocytes
of 75 blood samples by Giemsa staining, within
which only 58 blood samples were A. mar-
ginale positive by nested PCR and PCR-RFLP.
Our results suggest that the structures recog-
nized in erythrocytes of 17 PCR negative blood
samples, could be Heinz bodies, Howell-Jolly
bodies or staining artifacts. This means, due to
the very low amount (10°% — 107%) of in-
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fected erythrocyte in the examined carrier cat-
tle, it is very difficult to determine the
Anaplasma organisms by simple Giemsa stain-
ing, which is performed routinely in the labo-
ratories in Iran. This observation was reported
also by Torioni et al. (19), Bradway et al. (11)
and Carelli et al. (8). Carelli et al. (8) presented
the real time PCR assay for detection and
quantification of rickettsemia in carrier, pre-
symptomatic and symptomatic cattle. Although
compared to the classical PCR, the real time
PCR has some advantages such as shorter proc-
essing time and lower contamination risks, but
requires expensive equipment and cannot be
used now for determination of anaplasmosis in
Iran.

The limited amount of infected erythrocytes can
be also successfully ascertained by nested-PCR
and PCR-RFLP. The present study is the first
molecular based report for the existence of a
remarkable number of carrier cattle in Iran.
These carrier cattle can serve most probably as
the reservoir of infection for vector ticks. Fur-
thermore, the carrier status of cattle can func-
tion under severe nutritional or climatic stress
for the clinical relapse. Control and manage-
ment of livestock health could be understood as
the two sides of a gold coin for a successful and
healthy economy in stock farming. Here, the
control of tick-borne diseases plays a prominent
role. One of the most important diseases in cat-
tle farms is the infection with Anaplasma or-
ganisms, which cause annually high economical
losses in Iran. Furthermore, reviews of tick-
borne diseases have been increasingly recog-
nized worldwide as highlighting this animal
health problem.

Conclusively, our results showed that nested
PCR and PCR-RFLP based on 16S rRNA gene
could be used as a safe method for the identi-
fying of A. marginale carrier cattle. In addition,
the Anaplasma carrier cattle must be wide-
spread in the Anaplasma endemic areas in Iran,
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which must be considered in the future Iranian
animal health programs.
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