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Abstract. A total of 44 Rhipicephalus sanguineus ticks collected from 23 dogs from Malaysia
were screened for Rickettsia, Anaplasmataceae and Coxiella burnetii. Coxiella burnetii was
detected in 59% (26/44) of ticks however Rickettsia and Anaplasmataceae were not detected
in any of the ticks. In order to genotype the strains of C. burnetii, multispacer sequence
typing (MST) was carried out using three different spacers. One of the spacers; Cox2
successfully amplified a fragment for which the full length sequence of 397 bp was obtained.
The sequenced product revealed only a single nucleotide difference with the Cox2.3 type
sequence.

INTRODUCTION

Arthropods have a significant impact on
human and animal health as they are vectors
of diseases, transmitting pathogenic agents
to both humans and animals. Of the blood
sucking arthropods, ticks are known to
transmit the widest variety of pathogens in
humans and animals (Goodman et al., 2005).
They are able to transmit bacteria, protozoa,
rickettsia, viruses and spirochetes (Kim et

al., 2006). One important Proteobacteria
which is of zoonotic concern is Coxiella

burnetii, the etiological agent of Q fever.
Coxiella burnetii is an obligate intracellular
gram-negative bacterium found worldwide
(Raoult & Saltzman, 1994).  Infections may
be acute or chronic and include a wide range
of clinical symptoms.  Molecular screening
has assisted in the detection of pathogenic
bacteria in ticks from different hosts collected
from different geographical locations as well

as characterization of new species (Vilcins
et al., 2009).  Molecular detection has also
revealed a greater diversity of organisms in
ticks than was thought possible.

Other pathogenic bacteria namely
Anaplasma, Ehrlichia and Rickettsia are also
of medical and veterinary importance. The
members of genus Rickettsia are obligate
intracellular bacteria which are divided into
three biotypes, namely; the spotted fever
group, the typhus group and the ancestral
group which only consists of Rickettsia bellii.
Ehrlichiosis and Anaplasmosis are emerging
tick-borne diseases of both humans and
animals and are distributed worldwide.
Bacteria that belong to the genus Anaplasma

and Ehrlichia are gram-negative obligatory
intracellular bacteria.  In recent years, two
Ehrlichia species; E. chaffeensis and E.

ewingii have been discovered and
recognized as emerging zoonotic tick-borne
pathogens (Parola et al., 2005).  Members of
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the genus Anaplasma are important
pathogens of their respective hosts namely;
Anaplasma phagocytophilum, Anaplasma

centrale, Anaplasma marginale,

Anaplasma bovis, Anaplasma ovis and
Anaplasma platys.

Molecular detection and epidemio-
logical surveys of Anaplasma, Ehrlichia,
Rickettsia and C. burnetii have been
extensively carried out in ticks from various
geographical locations (Parola et al., 2000;
Inokuma et al., 2003; Vilcins et al., 2009).
However, there remains a paucity of
information regarding the prevalence of
these pathogens in Malaysia. Prevalence and
epidemiological surveys must be carried out
in order to understand and determine these
organisms’ potential as human pathogens.
Therefore this study was carried out to detect
these emerging and re-emerging tick-borne
diseases in ticks collected in Malaysia
through molecular techniques.

Numerous studies were conducted to
genotype strains of C. burnetii using various
techniques such as restriction endonuclease
analysis (REA) of chromosomal DNA
separated by SDS-PAGE (Vodkin et al., 1986;
Hendrix et al., 1991), pulsed field gel
electrophoresis (PFGE) (Heinzen et al., 1990;
Jager et al., 1998), random amplified
polymorphic DNA (RAPD) fingerprinting
(Sidi-Boumedine et al., 2009), PCR-based
IS1111 fingerprinting (Denison et al., 2007),
variable number tandem repeats-PCR
(VNTR-PCR) (Arricau-Bouvery et al., 2006;
Svraka et al., 2006) and real time PCR SNP
typing (Huijsmans et al., 2011). Sequence
analysis of certain genes such as com1, mucZ
and icd have also been used to differentiate
C. burnetii isolates (Zhang et al., 1997;
Nguyen & Hirai, 1999; Sekeyova et al., 1999).
However, the more recent methods such a
multiple locus variable number tandem
repeats (MLVA) (Arricau-Bouvery et al.,
2006) and multispacer sequence typing
(MST) (Glazunova et al., 2005; Tilburg et

al., 2012) have shown to have high
discriminatory power as well as high
reliability and reproducibility.  MST is based
on sequencing of several intergenic regions
that are potentially variable as they are
subject to lower selection pressure than the

coding genes. Studies using the MST
approach have been able to discriminate
between isolates of C. burnetii in humans
(Tilburg et al., 2012), domestic ruminants
(Astobiza et al., 2012) and ticks (Mediannikov
et al., 2010).  We conducted a preliminary
run in an attempt to determine if the MST
approach could be used to genotype our C.

burnetii strains from samples found in
Malaysia.

MATERIALS AND METHODS

Sample collection

A total of 53 ticks were collected from 23
dogs that visited the University Veterinary
Hospital, Universiti Putra Malaysia between
July 2010 and July 2011.  On average four to
five ticks were collected from each dog.  Ticks
were placed in sterile microcentrifuge tubes
and stored at room temperature.  Ticks were
identified morphologically using the
classification keys of Soulsby (1982) and
taxonomic keys as described by Kohls (1957).
After species identification, engorged
females (n=30), males (n=15) as well as
nymphs (n= 8) were selected for screening.

DNA extraction

DNA was extracted from ticks using the
phenol-chloroform extraction method and
then ethanol precipitated (Sambrook &
Russell, 2001).  Ticks were initially washed
twice with 75% ethanol followed by a wash
step with sterile distilled water.  The ticks
were then homogenized by Micro Smash MS-
100R (TOMY, Tokyo, Japan) for 30 s at 2,000
rpm, followed by DNA extraction with
DNAzol (Invitrogen, Carlsbad, CA).
Extracted DNA was ethanol precipitated and
reconstituted in 200 µl of 8mMNaOH
supplemented with 2 µl of 1M HEPES.

PCR for the detection of 28SrRNA gene

of ticks

In order to determine whether DNA was
successfully extracted from ticks, PCR was
carried out to amplify the 28S rRNA gene of
ticks.  The primer sequences of 28SF and
28SR (Inokuma et al., 2003) are shown in
Table 1.  PCR amplification was performed
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in a 20 µl reaction mixture containing 5.0 µl
of template DNA, 400 µM of each dNTP,
0.5 µM of each primer, 1.5 U GoTaq DNA
polymerase (Promega, Madison, WI) in 2X
Green GoTaq reaction buffer.  The cycling
conditions consisted of an initial denaturation
step at 95ºC for 2 min followed by 35 cycles
at 95ºC for 30 s, 55ºC for 30 s, 72ºC for 30 s
and a final extension step at 72ºC for 5 min.
The resulting amplified products were
electrophoresed on a 1.5% agarose gel at 100
V for 30-35 min, stained using GelRed dye
(Biotium, Hayward, CA) and subsequently
visualized under a UV transilluminator.

Real-time PCR for the detection of

Rickettsia

Real-time PCR was performed using primers;
CS-F and CS-R and a probe CS-P (Stenos et

al., 2005) to amplify the citrate synthase, gltA,
gene of spotted fever and typhus group
rickettsiae.  The primer and probe sequences
are shown in Table 1. The reaction was
performed with THUNDERBIRD™ Probe
qPCR 2X Mix (Toyobo, Osaka, Japan), 0.3 µM
of each primer, 0.2 µM of probe, 2.0 µl of
template DNA in a total reaction volume of
20 µl.  Standard controls were prepared from
plasmids containing the gltA gene fragment
of Rickettsia japonica YH strain (106, 104 and
102 copies/reaction). PCR was performed
using CFX96 Real-Time System (BioRad,
USA) with an initial holding temperature of
50ºC for 3 min followed by 95ºC for 1 min and
40 cycles at 95ºC for 15 s and 60ºC for 60 s.

PCR for the detection of

Anaplasmataceae

PCR amplification of Anaplasmataceae was
performed using primers; EHR16SD and
EHR16SR (Parola et al., 2000) as listed in
Table 1.  This primer set amplifies a 345 bp
fragment of the 16S rRNA gene of the
members of the Anaplasmataceae family.
The positive control was Anaplasma

phagocytophilum DNA isolated from in vitro
cultures.  PCR amplification was performed
as described above for the detection of 28S
rRNA gene of ticks.  PCR cycling conditions
were also the same except an annealing
temperature of 53ºC for 30 s was used.

PCR for the detection of Coxiella

burnetii

PCR amplification was performed using
primers; IS111F1 and IS111R1 (Fournier and
Raoult, 2003) which flank a 484 bp fragment
of the htpAB-associated repetitive element
listed in Table 1.  A nested PCR was carried
out with primers IS111F2 and IS111R2
flanking a 260 bp fragment. PCR amplification
for the first and nested PCR was carried out
as described above. The first PCR product
was diluted ten times and used as template
for nested PCR.  The positive control was C.

burnetii Nine Mile strain DNA isolated from
Vero cells.  The first PCR cycling conditions
consisted of an initial denaturation step at
95ºC for 2 min followed by 40 cycles at 95ºC
for 30 s, 52ºC for 30 s, 72ºC for 1 min and a
final extension step at 72ºC for 5 min.  Cycling
conditions for the nested PCR was carried
out using the same parameters except that
the number of cycles was reduced to 35 and
an annealing temperature of 48ºC was used.
PCR products were electrophoresed and
visualized as described above.

Characterization of Coxiella burnetii:

Multispacer sequence typing (MST)

MST was carried out using three previously
designed primers; Cox2F, Cox5F and Cox18F,
and three newly designed reverse primers;
Cox2R2, Cox5R2 and Cox18R2 listed in Table
1 for first PCR. PCR amplification for the first
PCR was performed in a 20 µl reaction
mixture containing 5.0 µl of template DNA,
200 µM of each dNTP, 0.5 µM of each primer,
0.4U KAPA2G Robust HotStart DNA
polymerase (Kapabiosystems, Boston, MA)
in 1X KAPA 2G Buffer A and filled to 20 µl
with sterile distilled water. The first PCR
cycling conditions consisted of an initial
denaturation step of 95ºC for 2 min followed
by 45 cycles at 95ºC for 30 s, 55ºC for 30 s,
72ºC for 1 min and a final extension step at
72ºC for 5 min.  The second semi-nested PCR
was carried out with the same forward
primers and previously designed reverse
primers; Cox2R, Cox5R and Cox18R
(Glazunova et al., 2005) listed in Table 1.  PCR
cycling conditions for the semi-nested PCR
consisted of an initial denaturation step of
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Table 1. Oligonucleotide primers and probe used in this study

Target sequence Primer sequences 5’-3’
Amplicon

Reference
size (bp)

Tick 28S rRNA 28SF- GACTCTAGTCTGACTCTGTG 484 (Inokuma et

28SR–GCCACAAGCCAGTTATCCC al., 2003)

Rickettsial gltA CS-F - TCGCAAATGTTCACGGTACTTT 74 (Stenos et

CS-R TCGTGCATTTCTTTCCATTGTG al., 2005)
CS-P 6-FAM-TGCAATAGCAAGAACCGT
AGGCTGGATG-BHQ-1-3

Anaplasmataceae EHR16SD -GGTACCYACAGAAGAAGTCC 345 (Parola et al.,
16S rRNA EHR16SR- TAGCACTCATCGTTTACAGC 2000)

C. burnetii IS111F1 - TACTGGGTGTTGATATTGC 485 (Fournier
htpAB-associated IS111R1 - CCGTTTCATCCGCGGTG and Raoult,
repetitive IS111F2 - GTAAAGTGATCTACACGA 260 2003)
element IS111R2– TTAACAGCGCTTGAACGT

C. burnetii MST Cox2F- CAACCCTGAATACCCAAGGA 397 (Glazunova
Cox2R- GAAGCTTCTGATAGGCGGGA et al., 2005)
*Cox2R2- GTCTTTCCAATTCGTCGAAATAA 459
Cox5F -CAGGAGCAAGCTTGAATGCG 395
Cox5R- TGGTATGACAACCCGTCATG
*Cox5R2- CAAGGGAAAACGAGGATCAA 547
Cox18F- CGCAGACGAATTAGCCAATC 557
Cox18R- TTCGATGATCCGATGGCCTT
*Cox18R2–GGCGATTAACCATTTCCAGT 584

Note: *primers designed in this study

95ºC for 2 min followed by 45 cycles at 95ºC
for 30 s, 57ºC for 30 s, 72ºC for 40 s and a final
extension step at 72ºC for 5 min.

Gel purification

PCR products prepared in total volumes of
50 µl were used for gel purification. PCR
products were electrophoresed on 1.5% low
melt agarose gels containing SYBR safe DNA
gel stain at 100V for 30-35 min.  The fragment
of interest was excised from the gel and
purified using Wizard® SV Gel and PCR
clean-up system (Promega, USA) according
to the manufacturer’s instructions.

Cloning and Transformation

The purified product was ligated into
pGEM-T vector (Promega, Madison, WI) and
subsequently transformed into chemically
competent Escherichia coli cells.
Transformation was carried out by subjecting

cells to heat shock at 42ºC for 90 s and then
immediately placing on ice.  The transformed
cells were then incubated in SOC medium
shaken at 200 rpm at 37ºC for 1 hour.  LB agar
plates containing ampicillin (50µg/µl) were
plated with X-gal (5-bromo-4-chloro-3-
indolyl-β-D-galactoside) and IPTG (Isopropyl
β-D-1-thiogalactopyranoside) for blue white
colony screening.  The plates were left to
dry for 10 min followed by plating of
transformation culture. The plates were
placed in an incubator at 37°C overnight for
approximately16-24 hours.

Screening transformants for inserts/

colony PCR

Colony direct PCR was performed using
universal primers SP6 and T7 in a 10 µl
reaction mixture containing 1.0 µl of colony
template, 400 µM of each dNTP, 0.5 µM of each
primer, 1.5 U GoTaq DNA polymerase
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(Promega, USA) in 2X Green GoTaq reaction
buffer.  The cycling conditions consisted of
an initial denaturation step at 95ºC for 2 min
followed by 30 cycles of 95ºC for 30 s, 55ºC
for 30 s, 72ºC for 2 min and a final extension
step at 72ºC for 5 min.

Sequencing

The sequencing reactions were carried out
using SP6 and T7 promoter primers for
plasmid clones and specific PCR primers for
purified PCR products. Reactions were
carried out in 10.5 µl reaction mixtures
containing 2.5 µl of template, 1.85 µl 5X
sequencing buffer (Applied Biosystems), 0.5
µl (0.48 µM) of primer, 0.25 µl BigDye (BigDye
Terminator version 3.1, Applied Biosystems)
and 5.40 µl nuclease free water. Cycling
conditions consisted of an initial denaturation
step at 96ºC for 1 min followed by 25 cycles
at 96ºC for 10 s, 50ºC for 5 s and 60ºC for 1.25
min. Sequencing products were resolved with
an automated ABI Prism 3130xl Genetic
Analyzer (Applied Biosystems).

RESULTS

All the ticks collected were identified as
R. sanguineus through morphological
examination.  A total of 44 ticks (24 females,

12 males and 8 nymphs) out of the 53 tested
positive by PCR amplification of the 28S
rRNA gene of ticks.

Rickettsia and Anaplasma

All the 44 ticks that were screened for
members of the genus Rickettsia by real-time
PCR were negative.  Screening for members
of the family Anaplasmataceae using primers
to amplify a partial fragment of the 16S rRNA
gene revealed negative results for all 44 tick
samples.

Coxiella burnetii

Screening of the 44 ticks detected the
presence of C. burnetii DNA in 59% (26/44)
of the ticks with primers targeting the htpAB-
associated repetitive element. Ticks from 13
of the 23 dogs were positive for C. burnetii.
Though C. burnetii DNA was detected in only
four ticks by first PCR with primers IS111F1
and IS111R1 (Fig. 1), the presence of C.

burnetii DNA was detected in an additional
22 ticks using nested primers IS111F2 and
IS111R2 (Fig. 2). Five randomly selected
positive samples were sequenced, one PCR
product of primers IS111F1 and IS111R1 and
four nested PCR products.  A BLAST search
of the sequences against GenBank revealed
a 99% identity with the C. burnetii genome
(GenBank accession number AE016828).

Figure 1. PCR amplification of the htpAB-associated repetitive element of
Coxiella burnetii with primers, IS111F1 and IS111R1.
Lane M, 100 bp DNA ladder; Lane 1, positive control (DNA from C. burnetii Nine
Mile strain cultured in Vero cells); Lane 2, negative control; Lane 3-19 tested samples.
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Figure 3. Semi-nested PCR amplification of the multispacer sequence, Cox2/R and
Cox5F/R of Coxiella burnetii.
Lane M, 100 bp DNA ladder; Lane 1, positive control (C.burnetii DNA from cell culture),
Lane 2, negative control; Lane, 3-10 tested samples with primers Cox2F and Cox2R, Lane
M, 100 bp DNA ladder; Lane 11, positive control; Lane 12, negative control; Lane, 13-20
tested samples with primers Cox5F and Cox5R.

Figure 2. Nested PCR amplification of the htpAB-associated repetitive
element of Coxiella burnetii with primers, IS111F2 and IS111R2.
Lane M, 100 bp DNA ladder; Lane 1, positive control (C. burnetii DNA
from cell culture); Lane 2, negative control; Lane 3-11, tested samples.

Multispacer sequence typing of C.

burnetii

Eight positive samples identified from the
htpAB-associated repetitive element PCR
assays were subjected to multispacer
sequence typing. Out of the eight samples
tested only five revealed the expected 397
bp fragment with spacer, Cox2F/R, only one
produced an expected 395 bp fragment with
spacer Cox5F/R (Fig. 3) and none of the

samples amplified the expected 557 bp
fragment with spacer Cox18F/R. The
sequences were compared with entries in the
MST database (http://ifr48.timone.univ-
mrs.fr/MST_Coxiella/mst) by BLAST. Four
out of the five Cox2F/R products showed
highest identity to Cox2.3 and the sequence
of one sample revealed only a single
nucleotide difference with Cox2.3 type
sequence.
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DISCUSSION

All ticks collected from dogs that visited the
University Veterinary Hospital, Universiti
Putra Malaysia (UPM) were identified as
R. sanguineus. Although Rickettsiae and
Anaplasmataceae were not detected in any
of the ticks, the prevalence of C. burnetii in
the Malaysian ticks was startlingly high at
59%. Though there have been sporadic reports
of Q fever in humans in Malaysia (Bush, 1952;
Kaplan & Bertagna, 1955; Tay et al., 1998;
Saraswathi et al., 2011), there are no reports
of Q fever in companion animals. Studies to
detect C. burnetii in ticks by PCR has not
been carried out before in Malaysia, however
based on the findings of this study it is evident
that humans and animals are both at risk of
contracting Q fever in Malaysia. The high
prevalence of C. burnetii in ticks collected
from pet dogs poses a significant risk to
humans due to the close contact between pet
owners and their dogs.

Primers amplifying the htpAB-associated
repetitive element appeared to be more
efficient and sensitive compared to other
primers (data not shown). The htpAB-
associated repetitive element exists in 20
copies in the genome of C. burnetii

(GenBank accession number AE016828)
(Seshadri et al., 2003) and therefore even a
small number of bacterial copies can be
detected by targeting this element.  However,
with only the outer primer set; IS111F1 and
IS111R1, most of the C. burnetii DNA could
not be amplified, but when a nested PCR was
carried out more positive samples were
detected.  This nested PCR approach was
highly sensitive and could detect relatively
low C. burnetii burdens in the tested
samples. This would be an effective approach
for the detection of C. burnetii in field
samples with low bacterial burdens such as
in milk and blood.

Reverse primers designed in this study
along with forward primers designed
previously to amplify the Cox2F/R and Cox5F/
R proved to be useful in amplifying these
specific spacers.  The first PCR product when
used as a template for the semi-nested PCR
appeared to be effective and potentially
useful for genotyping strains of C. burnetii.

Out of the few samples that were subjected
to MST in this preliminary study, Cox2F/R
was able to amplify the full 356 bp fragment
of one of the samples which was successfully
sequenced. When the sequence was
compared with those on the MST database it
was most similar to a Cox2.3 with one single
nucleotide polymorphism of G instead of A
which could possibly be another genotype but
this cannot be ascertained at this point.
Among the samples tested, spacer Cox18F/
R was unable to amplify the expected 557 bp
fragment.  The difficulties encountered using
the MST approach in this study may have been
due to low levels of target DNA in the ticks as
compared to other studies where bacterial
cultures were used (Glazunova et al., 2005;
Mediannikov et al., 2010). In order to
genotype the strains of C. burnetii a more
thorough study should be conducted using a
number of spacers for typing and analysis by
MST.

It was unusual that neither Rickettsiae
nor Anaplasmataceae were detected in any
of the ticks as E. canis and A. platys have
been detected by PCR in blood from dogs that
visited the University Veterinary Hospital,
UPM (Nazari et al., 2013). The inability to
detect these pathogens could have been due
to the small sample size used in this
preliminary study. A larger sample size
would be required for a more representative
prevalence study.

The primer sets used for genotyping C.

burnetii in this study can be used for further
characterization of C. burnetii strains.  More
extensive prevalence studies should be
carried out on bacteria in Malaysian ticks,
to determine what types of pathogens they
harbor and the possible role they may play in
the transmission and spread of zoonotic
diseases.  Furthermore, the prevalence of
C. burnetii in dogs in Malaysia should be
investigated to determine if they are
reservoirs of infection especially in pet dogs.
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