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Abstract The purpose of this study was to investigate the
role of wild animals for Anaplasma phagocytophilum, other
ehrlichiae/anaplasmae, Rickettsia helvetica and other rick-
ettsiae and whether different genetic variants of A.
phagocytophilum in central Slovakia exist. A total of 109
spleen samples from 49 red deer (Cervus elaphus), 30 roe
deer (Capreolus capreolus), 28 wild boar (Sus scrofa) and
two mouflon (Ovis musimon) were collected from June
2005 to December 2006. Polymerase chain reaction (PCR)
amplification of the16S rRNA gene was used for detection
of ehrlichiae/anaplasmae. A nested PCR targeting part
(392 bp) of groESL gene was applied for the specific
detection of A. phagocytophilum. Fragments of the gltA and

ompA genes (381 bp and 632 bp, respectively) were
amplified to detect rickettsiae, followed by sequencing. A.
phagocytophilum and R. helvetica were detected in wild
animals. The prevalence of A. phagocytophilum was 50.0±
18.2% in roe deer and 53.1±14.1% in red deer. None of the
28 wild boar was PCR positive for ehrlichiae/anaplasmae.
A. phagocytophilum was detected in one mouflon. R.
helvetica was found in one roe deer. Our study suggests a
role of cervids as a natural reservoir of A. phagocytophilum
in Slovakia. However, the role of cervids and wild boars in
the circulation of R. helvetica remains unknown. The
analysis of sequence variation in the msp4 coding region
of A. phagocytophilum showed the presence of different
variants previously described in ruminants.
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Introduction

Members of the Anaplasmataceae and Rickettsiaceae
families are widespread in natural foci throughout central
Europe (Parola et al. 2005). They are obligate intracellular
gram-negative bacteria. Ehrlichia and Anaplasma spp.
replicate in the cytoplasmic vacuole of their host cells
whereas Rickettsia spp. reside free in the cytosol of infected
eukaryotic cells. Some of these organisms are well-known
as human and veterinary pathogens. The vectors are ticks
from the Ixodidae family.

Anaplasma phagocytophilum (formerly Ehrlichia phag-
ocytophila, E. equi and human granulocytic ehrlichiosis—
HGE agent) with affinity to granulocytic cells is the
causative agent of human granulocytic anaplasmosis
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(HGA), previously known as HGE, tick-borne fever of
ruminants, equine and canine granulocytic anaplasmosis
(Dumler et al. 2001). The life cycle of A. phagocytophilum
in central Europe involves Ixodes ricinus ticks as vectors
and wild or domestic animals as hosts. A. phagocytophilum
has a wide geographic distribution. The human granulocytic
anaplasmosis was firstly described in the United States
(Chen et al. 1994). In Europe, the first confirmed case of
HGE was recognised in Slovenia in 1996 (Petrovec et al.
1997). Since then, more cases of HGA, seroprevalences in
tick-exposed populations as well as in healthy individuals,
and presence of A. phagocytophilum in ticks have been
reported from many European countries (Blanco and Oteo
2002). HGA is an acute non-specific systemic febrile illness
that may be accompanied with high fever (>39°C),
myalgia, headache, chills, malaise, arthralgia, anorexia,
nausea and non-productive cough (Thompson et al. 2001).
Tick-borne fever in animals (goats, sheep, cattle, horses,
dogs) varies from undetectable illness to a severe febrile
disease associated with depression, anorexia, leukopenia,
thrombocytopenia, haemorrhage, abortions and opportunis-
tic infections (Dumler et al. 2001). High prevalence of A.
phagocytophilum in cervids suggests their role as natural
reservoirs for this bacterium in Europe (Petrovec et al.
2002; Liz et al. 2002; Polin et al. 2004). Previous studies
have confirmed the occurrence of A. phagocytophilum and
related microorganisms in I. ricinus ticks and in small
terrestrial mammals from southwestern, eastern and central
Slovakia as well as in roe deer, red deer and wild boar from
central Slovakia (Spitalska and Kocianova 2002; Derdakova
et al. 2003; Smetanova et al. 2006). Genetic variability
among A. phagocytophilum was observed. De la Fuente et al.
(2005a) characterised some genetic variants of A. phagocy-
tophilum obtained from different host species in the United
States and Europe. The presence of different variant types in
Slovakia has not been studied yet.

Rickettsiae are associated with arthropods, which can
transmit these microorganisms to vertebrates via salivary
secretions or faeces. Rickettsiae are distributed worldwide
and many of them are well-known as agents of human and
veterinary diseases. These zoonoses are among the oldest
known vector-borne diseases (Raoult and Roux 1997;
Parola et al. 2005). Rickettsia helvetica was first isolated
from I. ricinus ticks in Switzerland in 1979 (Beati et al.
1993). This tick represents a potential vector and natural
reservoir for R. helvetica in Europe. R. helvetica was
implicated in perimyocarditis and sudden cardiac failure in
two patients in Sweden (Nilsson et al. 1999). Seroconver-
sion to R. helvetica was described for a French patient with
an unexplained febrile illness (Fournier et al. 2000). The
pathogenicity of R. helvetica is not clearly confirmed, it
occurs not only in Europe, but also in Asia (Fournier et al.
2004).

In the present study, the role of roe deer, red deer, wild
boar and mouflon as reservoirs for A. phagocytophilum, other
members of Anaplasmataceae family, R. helvetica and other
Rickettsia spp. in Slovakia and variants of A. phagocytophi-
lum circulating in wild animals were investigated.

Materials and methods

Area of study

The studied area comprises 37 localities belonging to three
districts (Ziar nad Hronom, Zarnovica and Banska Stiavnica)
in central Slovakia (Fig. 1). Localities are either woodland
areas (Carpathian deciduous and mixed forests) or pasture
and meadow habitats. Climate varies from moderately warm
to cold montane.

Collection of samples

A total of 109 spleen samples, 30 from roe deer (Capreolus
capreolus), 49 from red deer (C. elaphus), 28 from wild
boar (Sus scrofa) and two from mouflon (Ovis musimon),
were collected in cooperation with individual hunters from
June 2005 to December 2006. Tested animals were from

Fig. 1 Map of hunting sites. Empty square Hunting site of roe deer.
Filled square Hunting site of roe deer positive for A. phagocytophi-
lum. Empty circle Hunting site of red deer. Filled circle Hunting site of
red deer positive for A. phagocytophilum. Plus sign Hunting site of
wild boar. Asterisk Hunting site of mouflon. Circled asterisk Hunting
site of mouflon positive for A. phagocytophilum. Filled triangle
Hunting site of roe deer positive for R. helvetica
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both sexes; nine roe deer, 24 red deer, 15 wild boar and one
mouflon were females; and 21 roe deer, 25 red deer, 13
wild boar and one mouflon were males.

The monitored localities are common habitats for red
deer, roe deer, wild boar and mouflon. Numbers of hunted
animals in all monitored districts are shown in Table 1.
Parts of spleens of hunter-killed animals were immediately
transferred into tubes with 70% ethanol and maintained at
4°C until examination.

DNA isolation, PCR amplification and sequencing

Spleen samples from wild animals were screened by
polymerase chain reaction (PCR) and DNA sequencing
methods for the presence of tick-borne pathogens—members
of the Anaplasmataceae and Rickettsiaceae families and for
study of variants of A. phagocytophilum. Isolation of DNA
from spleen samples was performed using DNeasy Tissue kit
(Qiagen, Germany) according to recommendations of the
manufacturer. DNA amplification was performed in a PTC-
200 Peltier thermal cycler (MJ-Research, USA). Twenty-five
μl of PCR reaction mixture contained 12.5 μl of 2× PCR
MasterMix (Fermentas, Germany), 10 pmol of each primer,
1 ng of DNA and nuclease-free water (Fermentas, Germany)

up to the final volume. DNA of R. slovaca, R. helvetica, A.
phagocytophilum and Candidatus Neoehrlichia mikurensis,
were used as positive controls in PCR assays. Nuclease-free
water was used as negative control. Used primers are
displayed in Table 2. PCR products were separated on
1.5% agarose gels stained with ethidium bromide and
visualised under UV light.

The PCR products were purified before sequencing by
using a QIAquick Spin PCR Purification Kit (Qiagen,
Austria) as described by the manufacturer. DNA sequenc-
ing was conducted by Macrogen Inc. (Seoul, South Korea;
www.macrogen.com) under BigDyeTM terminator cycling
conditions. Sequences were analysed using an Automatic
Sequencer 3730xl followed by analysis with the ABI
sequence-analysis software. Obtained nucleotide sequences
were compared with those available in the EMBL Nucle-
otide Databases using available tools (www.ebi.ac.uk).

Statistical analysis

With the aim to compare the prevalence of A. phagocytophi-
lum in red and roe deer across districts and between males
and females of deer χ2 goodness-of-fit was used. Data
analysis was performed using the software Statistica 7.1.

Table 2 Oligonucleotide primers used in PCR assays

Oligonucleotide primers Target organisms Target gene PCR product size (bp) Reference

16S8FE, GA1B Eubacteria 16S rRNA 470 Bekker et al. 2002
EHR521, EHR790 Anaplasma/Ehrlichia spp. 16S rRNA 298 Kolbert 1996; Massung and Slater 2003
HS43, HS45, GEHS1, EHS6 A. phagocytophilum groESL nested 392 Bjoersdorff et al. 2002
RpCS.877p, RpCS.1258n Rickettsia spp. gtlA 381 Regnery et al. 1991
Rr190.70p, Rr190-701 Rickettsia spp. rompA 632 Regnery et al. 1991; Roux et al. 1996
MSP4AP5, MSP4AP3 A. phagocytophilum msp4 849 de la Fuente et al. 2005a

Table 1 Positivity of wild animals for Anaplasma phagocytophilum (A. ph) and Rickettsia helvetica (R. he) in monitored districts of central
Slovakia

Ziar nad Hronom Zarnovica Banska Stiavnica Total

Roe deer A. ph 8/37.5±35.9% 16/68.8±23.5% 6/16.7±32.7% 30/50.0±18.2%
R. he 8/12.5±24.5% 16/0% 6/0% 30/3.3±6.5%

Red deer A. ph 23/69.6±19.2% 17/52.9±24.5% 9/11.1±21.8% 49/53.1±14.1%
R. he 23/0% 17/0% 9/0% 49/0%

Total A. ph 31/61.3±17.4% 33/60.6±16.9% 15/13.3±17.8% 79/51.9±11.1%
R. he 31/3.2±6.3% 33/0% 15/0% 79/1.3±2.5%

Wild boar A. ph 5/0% 13/0% 10/0% 28/0%
R. he 5/0% 13/0% 10/0% 28/0%

Mouflon A. ph 1/0% 1/100% 2/50.0±98.0%
R. he 1/0% 1/0% 2/0%

Total A. ph 36/52.8±16.5% 47/42.6±14.3% 26/11.5±12.5% 109/38.5±9.2%
R. he 36/2.8±5.4% 47/0% 26/0% 109/0.9±1.8%

The prevalence is expressed in following form: N/95% confidence interval.
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Results

Spleen samples of 109 wild animals were analysed for the
presence of ehrlichiae/anaplasmae and rickettsiae. Using
two sets of general primers (GA1B and 16S8FE, Ehr521
and Ehr790), ehrlichiae/anaplasmae were found in 15 roe
deer, 26 red deer and in one female mouflon. However, all
wild boar were negative for ehrlichiae/anaplasmae. By the
nested PCR, A. phagocytophilum was confirmed in all
positive samples; prevalence of this agent was 50.0±18.2%
in roe deer and 53.1±14.1% in red deer (Table 1). The
difference was not statistically significant (χ2=0.070, df=1,
P=0.792).

The difference between males and females was not
statistically significant, A. phagocytophilum was detected in
4/44.5±34.4% females and 11/52.4±21.9% males of roe
deer (χ2=0.159, df=1, P=0.690) and in 11/45.8±20.4%
females and 15/60.0±19.6% males of red deer (χ2=0.987,
df=1, P=0.321).

The overall prevalence of A. phagocytophilum in deer
was 51.9±11.1%. Other species of the members of
Anaplasmataceae family were not detected.

The highest positivity of deer infected with A. phag-
ocytophilum was in the Ziar nad Hronom district (61.3±
17.4%) while the positivity in the Zarnovica and the Banska
Stiavnica districts were 60.6±16.9% and 13.3±17.8%,
respectively. The prevalence of A. phagocytophilum dif-
fered significantly among districts (χ2=11.034, df=2, P=
0.004); being significantly lower in Banska Stiavnica than
in the Ziar nad Hronom and Zarnovica districts. This
situation was caused by different prevalence of A. phag-
ocytophilum in red deer across districts (χ2=8.875, df=2,
P=0.012). Prevalence of A. phagocytophilum in roe deer
did not differ significantly among districts (χ2=5.417,
df=2, P=0.067). The positivity of wild animals in these
three districts is summarised in Table 1.

To confirm the presence of A. phagocytophilum, se-
quencing was performed on three randomly selected DNA
samples isolated from the spleen of two roe deer and one
red deer and an amplified part of 16S rRNA using GA1B
and 16S8FE primers. These three sequences were 99.2%
similar to each other and were homologous (100%, 100%
and 99.5%) to A. phagocytophilum under accession number
AY055469.

The analysis of sequence variations in the msp4 coding
region of A. phagocytophilum showed some heterogeneity.
Table 3 shows percent identity among nucleotide sequences
between Anaplasma species identified in three roe and six
red deer in our study (the GenBank accession numbers are
EU180058 to EU180066) and Anaplasma species described
before (de la Fuente et al. 2005a).

Rickettsial DNA was detected in one male roe deer
(Table 1), of which only the gltA gene was amplified (theT
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GenBank accession number is EU183407). In this roe deer,
mixed infection with ehrlichiae/anaplasmae was not
recorded. Sequencing showed 99.2% homology to R.
helvetica (acc. Nos. DQ821857 and AM418450, which
are 100% identical).

Discussion

Several studies regarding the prevalence of A. phagocyto-
philum in deer have been performed in some European
countries but not in Slovakia. The prevalence was assessed
using various PCR protocols and serologic methods.
Previous results obtained by PCR showed that the highest
prevalence in roe deer (85.6%) and red deer (87.5%) were
reported from Slovenia (Petrovec et al. 2002). A prevalence of
42.6% was detected in roe deer in Denmark (Skarphedinsson
et al. 2005). Lower prevalences were recorded in roe deer in
United Kingdom (29%) and in Switzerland (18.4%). In
Austria, 28.6% red deer and 12.5% roe deer were A.
phagocytophilum-positive, while it was 13.3% in red deer
from the Czech Republic (Alberdi et al. 2000; Liz et al. 2002;
Polin et al. 2004; Hulinska et al. 2004). Estimated prevalence
of A. phagocytophilum in our study was lower than in
Slovenia, similar to Denmark and higher than in the UK,
Switzerland, Austria and Czech Republic.

Roe and red deer are widely distributed in woodland
areas of Slovakia and they are commonly infested with
adult ticks mainly from the I. ricinus species (unpublished).
The statistically significant difference of prevalence of A.
phagocytophilum in monitored localities of our study is not
clear at this moment. However, it is not quite surprising.
The higher prevalence of A. phagocytophilum in I. ricinus
ticks has been observed in the localities near Ziar nad
Hronom for three consecutive years (our unpublished
results). Nevertheless, the role of the age of animals, the
habitat or the climatic conditions needs to be clarified in
futures studies.

Related to the high prevalence of A. phagocytophilum in
cervids, the mentioned studies in some European countries
as well as our own study suggest that cervids could be
competent reservoirs for this pathogen.

The analysis of sequence variation in the msp4 coding
region of A. phagocytophilum showed heterogeneity among
ruminant and non-ruminant strains obtained from the
United States and some European countries, i.e. Switzer-
land, Italy, Germany, Poland, Norway and the UK (de la
Fuente et al. 2005a). Variants of A. phagocytophilum in
wild deer in central Slovakia were identical with those
already published (Table 3). However, it remains unknown
if we are dealing with pathogenic, mild or non-pathogenic
species as there was no report about clinical signs in deer.

But based on the results of Petrovec et al. (2002), these
genetic variants in deer should not be pathogenic for
humans.

Studies on the presence of the members of Anaplasma-
taceae family in the wild boar from Polin et al. (2004) and
de la Fuente et al. (2005b) recorded no evidence of
infection with A. phagocytophilum. On the other hand,
Hulinska et al. (2004) found three out of 69 (4.35%) wild
boar and Petrovec et al. (2003) found nine out of 63
(14.3%) wild boar to be A. phagocytophilum-positive.
Petrovec et al. (2003) suggested that S. scrofa could serve
as a competent reservoir of a variant of A. phagocytophilum
pathogenic to humans and dogs in Europe.

The results from Hulinska et al. (2004) showed that two
out of 15 mouflon (13.33%) were positive for A. phag-
ocytophilum, but as our study investigated a low number of
samples in both surveys, we can not conclude whether
mouflon participate in the circulation of A. phagocytophi-
lum as reservoir animals.

R. helvetica has been identified in I. ricinus ticks in
many European countries, including France, Germany,
Sweden, Slovenia, Portugal, Italy and Bulgaria (Parola et
al. 2005). Its association with deer has not been studied yet.
Up to our knowledge, only deer in a Danish study were
tested for R. helvetica but this bacterium was not detected
(Skarphedinsson et al. 2005). The role of deer and wild
boar in its circulation is uncertain and requires further
studies.

Our results demonstrate the existence and the high
prevalence (51.9±11.1%) of A. phagocytophilum in roe
deer and red deer in central Slovakia and suggest their role
in the circulation of this bacterium in the natural cycle as its
competent reservoirs. Sequence analysis of selected sam-
ples revealed that different genetic variants of A. phagocy-
tophilum are present in wild living game animals. The role
of wild boar as competent reservoirs was not confirmed.
Our study could not show the role the wild animals played
in the epidemiology of R. helvetica.
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