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Abstract. This study was conducted to determine the occurrence of Anaplasma spp. in the
blood samples of cattle, goats, deer and ticks in a Malaysian farm. Using  polymerase chain
reaction (PCR) and sequencing approach, Anaplasma spp. was detected from  81(84.4%) of
96 cattle blood samples. All blood samples from 23 goats and 22 deer tested were negative.
Based on the analysis of the Anaplasma partial 16S ribosomal RNA gene, four sequence types
(genotypes 1 to 4) were identified in this study. Genotypes 1-3 showed high sequence similarity
to those of Anaplasma platys/ Anaplasma phagocytophilum, whilst genotype 4 was identical
to those of Anaplasma marginale/ Anaplasma centrale/ Anaplasma ovis. Anaplasma DNA
was detected from six (5.5%) of 109 ticks which were identified as Rhipicephalus (formely
known as Boophilus) microplus ticks collected from the cattle. This study reported for the
first time the detection of four Anaplasma sequence types circulating in the cattle population
in a farm in Malaysia. The detection of Anaplasma DNA in R. microplus ticks in this study
provides evidence that the ticks are one of the potential vectors for transmission of
anaplasmosis in the cattle.

INTRODUCTION

Anaplasmosis is a rickettsial disease of
cattle, sheep, horse and other domestic
ruminants in the tropical and subtropical
regions (Dumler et al., 2001). The Anaplasma

genus is represented by Gram-negative
intracellular bacteria which include
Anaplasma marginale, Anaplasma

centrale, Anaplasma ovis, Anaplasma

phagocytophilum, Anaplasma bovis and
Anaplasma platys. Bovine anaplasmosis is
caused by A. marginale and A. centrale

(Minjauw & McLeod, 2003; Kocan et al., 2004;
de la Fuente et al., 2008). The disease is
characterized by progressive anemia and the
presence of intra-erythrocytic inclusion
bodies (Wanduragala & Ristic, 1993). Sheep
and goats in many regions of the world are
infected by A. ovis (Renneker et al., 2013).
Anaplasma phagocytophilum is the agent of

pasture fever or tick-borne fever of ruminants
(Stewart, 1992; Woldehiwet, 2006; Stuen,
2007). The organism has been documented
as an emerging pathogen of public health
importance (causing human granulocytic
anaplasmosis) (Bakken & Dumler, 2000;
Dumler et al., 2001; 2007). Anaplasma bovis

has been reported in both domestic and wild
animals  in various parts of the world (Liu et

al.,  2012).  Anaplasma platys is the causative
agent of infectious cyclic thrombocytopenia
in dogs (Allsopp et al., 1997; Du Plessis et al.,
1997).

Anaplasmosis causes reduction in the
body weight and milk production of cattle
(Stuen et al., 2003). Animals with acute
infections of Anaplasma usually suffer from
fever and inappetence but seldom die unless
there are complications by other infections
(Rikihisa, 1991; Greig et al., 1996;  Egenvall
et al., 1997; Engvall & Egenvall, 2002). Cattle
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can remain as chronically infected carriers
for life after recovery from acute phase of
infection. Relapse may occur if the cattle are
under stress or immunosuppressed (Eriks
et al., 1989). Up to 19 different tick species
including Rhipicephalus (formely known as
Boophilus) microplus have been reported
to transmit A. marginale (Hoogstraal, 1985;
Kocan et al., 2004).

Conventional diagnosis of anaplasmosis
is mainly based on microscopic examination
of blood smears from the infected animals as
the organisms are unculturable on agar media
(Lew & Jorgensen, 2005). However, detection
of Anaplasma by this approach  may not be
suitable if the organism is present in low level
in the blood  (Shompole et al., 1989; Ndung’u
et al., 1995). Diagnosis of anaplasmosis is
also hampered by cross-reactivity of
serological tests (Torioni de Echaide et al.,
1998). With the introduction of molecular
techniques, the bacteria in the family
Anaplasmataceae  are  reclassified based on
16S rDNA sequences of the bacteria  (Dumler
et al., 2001). Polymerase chain reaction
(PCR) assays based on 16S rDNA and other
genes (Msp1, Msp5, gltA and groEL) have
been used to facilitate the identification and
phylogeny studies of Anaplasma species
(Ndung’u et al., 1995; Allsopp et al., 1997;
Parola et al., 2000; Palmer et al., 2001; Liu
et al., 2012; Ybañez et al., 2013).

As there is little published data about
Anaplasma infecting domesticated animals
in Malaysia, this study was conducted to
determine the presence of Anaplasma

species in the blood samples of cattle, goats

and deer in a local farm. A 16S rDNA PCR
assay (Parola et al., 2000) was employed for
detection of Anaplasma spp. from the
samples. Sequencing approach was then used
to confirm the amplification results. This
study also attempted to identify Anaplasma

species based on the sequence variation of
the Anaplasma  partial 16S ribosomal RNA
gene.

MATERIALS AND METHODS

Blood sampling

Blood samples were collected from 96 cattle,
23 goats and 22 deer from a farm in Selangor,
Malaysia in July, 2012. Cattle from two
imported breeds, i.e, Brangus/Bradford
(n=32) and Friesian Sahiwal (n=32) and a
local breed, Kedah Kelantan cross breed
(n=32) were included for investigation in this
study (Table 1). One ml  blood sample was
collected from the jugular vein of each
animal  into EDTA-coated tubes and stored
at -20°C prior to processing. Ethical approval
for animal care and use was obtained from
Faculty of Veterinary Medicine, Universiti
Putra Malaysia (UPM/FPV/PS/3.2.1.551/AUP-
R164).

Tick collection

The animals were examined for tick
infestation at the ear, eye, flank, abdomen,
tail and perineal regions. Ticks were collected
and preserved in 70% ethanol for morpho-
logical identification.

Table 1. Distribution of Anaplasma genotypes in the cattle blood and ticks samples in this study

Sample
No.(%) positive No. (%) samples with genotype

by PCR assay 1 2 3 4

Cattle (n=96) 81 (84.4%) 25 (30.9) 3 (3.7) 15 (18.5) 38 (46.9)
Kedah Kelantan cross breed (n=32) 30 (93.8%) 13 (43.3) 1 (3.3) 08 (26.7) 08 (26.7)
Brangus/Bradford (n=32) 26 (81.3%) 08 (30.8) 1 (3.8) 03 (11.5) 14 (53.8)
Friesian Sahiwal (n=32) 25 (78.1%) 04 (16.0) 1 (4.0) 04 (16.0) 16 (64.0)

Ticks (n=109) 06 (5.5)0% 05 (83.3) 0 (0.0) 0 (0.0) 01 (16.7)

Note: Genotypes 1-3 showed high sequence similarity to those of A. platys/A. phagocytophilum, whilst
genotype 4 was identical to those of A. marginale/A. centrale/A. ovis
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Molecular detection of Anaplasma DNA

from blood and tick samples

DNA was extracted from blood and tick
samples using QIAmp DNA mini extraction
kit (Qiagen, Valencia, CA). PCR assay was
performed in a thermal cycler (My CyclerTM,
Bio-Rad, CA) using primers EHR 16SD (5’-
GGT ACC YAC AGA AGA AGT CC- 3’) and
EHR 16SR (5’- TAG CAC TCA TCG TTT ACA
GC- 3’) targeting the 16S rRNA gene of
Anaplasma (Parola et al., 2000). DNA extract
(2 µl) was added to 19.4 µl sterile distilled
water, 2.5 µl 10X DreamTaq buffer, 0.5 µl 10
mM dNTPs, 0.2 µl of each primer (25 µM) and
0.2 µl DreamTaqTM DNA Polymerase
(Fermentas, Lithuania). Amplified products
were then analysed by electrophoresis on a
2% agarose gel at 100V for 45 minutes, stained
with ethidium bromide, and the image was
captured using InGenius gel documentation
system (Syngene, England).

Sequence determination of partial 16S

ribosomal RNA gene

Purification of PCR products was performed
using Gene All ExpinTM Combo GP kit
(GeneAll Biotechnology, Seoul, Korea) prior
to sequence determination.  Sequencing was
performed using both forward and reverse
primers on an ABI PRISM 377 Genetic
Analyzer (Applied Biosystems, USA). The
sequences were aligned with BioEdit
Sequence Alignment Editor Software
(Version 7.0.5.3) and compared for similarity
with other sequences in the GeneBank
database. A dendrogram  was constructed
based on the 16S rDNA sequences (228
nucleotides) of representative cattle and tick
samples and various  published Anaplasma

species, using neighbor-joining method of the
MEGA software and bootstrap  analysis with
1,000 resamplings (Tamura et al., 2011). R.

rickettsii (U11021) was used as an outgroup
for comparison.

RESULTS

Of 96 cattle blood samples tested in this study,
Anaplasma DNA was amplified from 81
(84.4%) samples. The highest detection rate
is noted in the Kedah Kelantan cross breed

(93.8%). This is followed by Brangus/
Bradford (81.3%) and Shahiwal Friesian
(78.1%) breeds. None of the blood samples
from goats and deer were positive for
Anaplasma DNA. Ticks were collected from
the cattle, but no ticks were observed on
the goats and deer investigated in this study.
The ticks were identified tentatively as
R. microplus based on their morphology
chracteristics. Majority of the ticks were
adults.  Of 109  ticks examined, only 6 (5.5%)
were positive by the PCR assays (Table 1).

Based on the Anaplasma sequences
obtained from the cattle and tick samples in
this study, four sequence types (designated
as genotypes 1-4) were identified and
matched with those Anaplasma spp.
published in the Genbank database (Figure
1). The sequence of genotype 1 was identical
to that of a French isolate of A. platys

(AF303467). Genotype 2 had one nucleotide
difference (99.5% sequence similarity)
compared to that of A. phagocytophilum

type strain (U02521). The sequence of
genotype 3 was identical to that of A.

phagocytophilum (U02521), while genotype
4 had complete matching sequence with
those of A. marginale (AJ633048), A.

centrale (AF414868) and A. ovis (AJ633049)
(Figure 1).

Table 1 shows the distribution of
Anaplasma genotypes in the cattle blood
and ticks samples. Of the 81 Anaplasma-
positive samples, 25(30.9%), 3(3.7%),
15(18.5%) and 38(46.9%) were identified as
genotypes 1, 2, 3 and 4 respectively. Genotype
1 was predominantly detected from the blood
samples of the local breed (Kedah Kelantan
cross breed), whereas genotype 4 was
identified more frequently in the Brangus/
Bradford and Friesian Sahiwal breeds.
Genotypes 1 and 4 were identified in 5(4.6%)
and 1(0.9%) ticks, respectively in the tick
samples (Table 1).

Figure 2 is a dendrogram which was
constructed based on the Anaplasma

sequences of representative cattle and tick
samples in this study and those published
sequences. Genotypes 1, 2 and 3 were
grouped  with  A. platys (AF303467) and A.

phagocytophilum (U02521) at one branch of
the dendrogram (bootstrap values, 33-55%).
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Figure 1. Comparison of the sequences derived from the partial fragments of 16S
ribosomal RNA gene of Anaplasma genotypes (1-4) with published sequences of
Anaplasma species. R. rickettsii (U11021) was included for comparison purpose

Figure 2. Dendrogram depicting phylogenetic placement of Anaplasma

genotypes based on sequences of the partial 16S ribosomal RNA gene.
Sequences obtained from cattle blood samples (1003, 1028, 6548, B211f) and
ticks (B720b, 1025b) representing different Anaplasma genotypes 1-4 from
this study, and published sequences from the Genbank database were included
in the analysis. R. rickettsii (U11021) was used as an outgroup for comparison
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Meanwhile, genotype 4 was grouped with A.

marginale/A. centrale/A. ovis  at another
branch with a high bootstrap value (99%).

DISCUSSION

This is the first study reporting the detection
of Anaplasma DNA in cattle and R.

microplus ticks by molecular approach in
Malaysia. Anaplasma DNA was detected
from 84.4% of cattle blood samples in this
study. None of the blood samples from goats
and deer from the same farm were positive.
The goats were kept under stall feeding (zero

grazing) system in a pen 250 meters away
from the cattle paddock, while the deer were
allowed to graze in a paddock 100 meter
away from the cattle paddock. Despite of
the detection of Anaplasma DNA in the
blood, the cattle were clinically healthy.
Nevertheless, these infected cattle were
probably chronic carriers of Anaplasma

and might serve as a source of infection
for other susceptible cattle in the herd,
as reported by previous investigators
(Lykkesfeldt & Svendsen, 2007; De et al.,
2012).

Different breeds of cattle may
demonstrate varying levels of resistance to
Anaplasma infection, for instance, Bos

indicus has been reported to show greater
resistance to A. marginale infection than
Bos taurus (Wilson, 1979; Otim et al., 1980).
Although the local breed of cattle (Kedah
Kelantan cross breed) is known to be more
resistant to tick infestation, the detection rate
of Anaplasma DNA (93.8%) is higher as
compared to two imported cattle breeds
(Table 1). The reason for this high detection
rate is unknown.

Ticks were found on the cattle despite of
regular tick control programme in the farm
in this study. However, no ticks were collected
from the goats and deer understudied. Beside
ticks, Anaplasma may be transmitted
through other biting arthropods such as
horseflies, mosquitoes and use of unsterilized
surgical instruments and needles (Kocan et

al., 2004). Due to the high vectorial capacity
of R. microplus ticks, the prevalence of
anaplasmosis has been reported to be highest

in region where the ticks are endemic
(Lincoln et al., 1987; Palmer et al., 2001; Futse
et al., 2003). Rhipicephalus microplus has
been identified as a common cattle tick
species in Malaysia (Nadchatram, 2006). The
detection of Anaplasma DNA in 5.5% of  ticks
investigated  in this study provides molecular
evidence that the ticks are one of the potential
vectors for transmission of anaplasmosis in
our cattle. Our finding is consistent with that
of a recent study conducted in Philippines
where Anaplasma DNA was identified in
66.7% cattle and 13.3% R. microplus ticks
using 16S rRNA-based screening-PCR and
DNA sequencing approach (Ybañez et al,
2013).

The results of Anaplasma PCR assays
were confirmed by sequence determination
of the amplified products in this study. The
sequences were further analysed for
genotypic identification of Anaplasma spp.
However, only little sequence variation was
noted in the partial 16S ribosomal RNA genes
of the Anaplasma spp. in the cattle blood
samples (Figure 1). There is only one
nucleotide difference between A. platys

and A. phagocytophilum over the short
nucleotide region (Figure 1). It is  not possible
to differentiate A. marginale/A. centrale/A.

ovis as their sequences are identical. The
sequence analysis is also reflected by the
low bootstrap values (33-55%) exhibited by
A. platys/A. phagocytophilum in the
dendrogram. Hence, definite discrimination
of Anaplasma species based on the short
sequence (228 nt) is not possible. The use of
full 16S rRNA gene sequences or other genes
having more variations between species may
provide more informative data on the
Anaplasma species identified in this study.

The preliminary finding from this study
suggests that at least four Anaplasma

genotypes are circulating in our cattle
population. These genotypes shared high
sequence similarity to those of A. platys, A.

phagocytophilum,  A. marginale, A. centrale

and A. ovis. The high prevalence of A.

marginale has been reported in many other
countries (De Waal, 2000; Palmer et al.,
2001; Futse et al., 2003; Ybañez et al., 2013).
Anaplasma phagocytophilum has been
recognized as an animal and human pathogen
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which may spread through tick bites or
contact with infected animal blood (Bakken
& Dumler, 2000; Woldehiwet, 2006; Dumler
et al., 2007; Stuen, 2007). The presence of
A. platys has been demonstrated using
molecular approach in Malaysian dogs in a
recent study (Mokhtar et al., 2013). Ruminant
can also be a potential reservoir for A. platys

as the organism has been reported to cause
infection in sheep and impalas (Allsopp et

al., 1997; Du Plessis et al., 1997).
In view of the high prevalence of

anaplasmosis in the cattle population
investigated in this study,  implementation of
effective tick control  programme  is essential
as anaplasmosis may impact animal health
and production. Further study to identify and
characterize Anaplasma spp. is necessary
to provide further information on the
biology, virulence and epidemiology of the
organisms.
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