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The aim of this study was to investigate the natural cycle of the new human pathogenic bacteria Candida-
tus Neoehrlichia mikurensis and Anaplasma phagocytophilum in Southern Hungary. We collected rodents
with live-traps (2010-2013) and questing ticks with flagging in 2012. Small mammals were euthanized,
tissue samples were collected and all the ectoparasites were removed and stored in 70% alcohol. We found
relatively low overall prevalence of tick infestation (8%). Samples were analysed for A. phagocytophilum
and Candidatus N. mikurensis with multiplex quantitative real-time PCR targeting a part of major surface
protein 2 (msp2) and the heat shock protein groEL genes, respectively. The overall prevalence in tissue
samples was 6.6% (skin) and 5.1% (spleen) for A. phagocytophilum and 1.7% (skin) and 3.4% (spleen) for
Candidatus N. mikurensis. Candidatus N. mikurensis was only detected in Apodemus flavicollis and Apode-
mus agrarius, while A. phagocytophilum was found in A. flavicollis, A. agrarius, Myodes glareolus, Microtus
arvalis and Mus musculus samples. Prevalence of A. phagocytophilum in skin samples of A. flavicollis was
significantly higher than prevalence of N. mikurensis (p <0.05). Among questing Ixodes ricinus ticks we
found three (8.8%) individuals (female, male, nymph) infected with Candidatus N. mikurensis. Five (3.1%)
questing ticks had A. phagocytophilum infection (one I. ricinus male, two Dermacentor reticulatus females
and two Haemaphysalis concinna females). We found one I. ricinus nymph removed from a male A. flavicol-
lis with A. phagocytophilum infection. Our study provides new data on the occurrence of these pathogens
in rodent tissue samples, questing ticks and engorged ticks in Southern Hungary.

© 2014 Elsevier GmbH. All rights reserved.

Introduction

either exophilic or endophilic. Exophilic (or non-nidicolous) species
such as Ixodes ricinus await a host on the vegetation thus may act

Rodents are reservoir hosts for several emerging zoonotic
pathogens and with other small mammals (insectivores) have
important role in the tick life cycle serving as main feeding and
maintenance hosts for the developmental stages of various tick
species. They also play an important role in the endemic cycles of
tick-borne pathogens (e.g. tick-borne encephalitis virus or Babesia
microti) (Silaghi et al., 2012). Therefore, the health of humans can
be seriously impaired by contact with infected rodents or ticks that
have previously fed on them. Ticks found on small mammals can be

* Corresponding author. Tel.: +36 1 478 4791; fax: +36 1478 4193.
E-mail addresses: sanyi.szekeres@gmail.com (S. Szekeres),
claudia.coipan@rivm.nl (E. Claudia Coipan), krigo.mail@gmail.com (K. Rigd),
majoros.gabor@aotk.szie.hu (G. Majoros), seta.jahfari@rivm.nl (S. Jahfari),
hein.sprong@rivm.nl (H. Sprong), foldvarigabor@gmx.de (G. Foldvari).

http://dx.doi.org/10.1016/j.ttbdis.2014.10.004
1877-959X/© 2014 Elsevier GmbH. All rights reserved.

as bridge vectors between small mammals and humans in natural
or urban habitats (Oliver et al., 2003). Endophilic (or nidicolous)
ticks like subadult stages of Dermacentor reticulatus or all three
stages of Ixodes trianguliceps are more specialised regarding their
hosts by living in their nests or in their close environment thus may
provide stable local niche cycles in rodents’ nest for pathogens such
as Anaplasma phagocytophilum (Bown et al., 2006).

Candidatus Neoehrlichia mikurensis is a coccoid Gram-negative
pathogen belonging to the family Anaplasmataceae (Kawahara
et al., 2004). It was first detected in the late 1990’s in L ricinus
in The Netherlands and Italy and later on it was also found in
China in a wild Norway rat (Rattus norvegicus). It was initially called
Ehrlichia-like due to a diverging 16S rRNA gene sequence (Schouls
et al., 1999). Further findings of the microorganism in rats and
Ixodes ovatus ticks in Japan and the passaging of the agent in lab-
oratory rats led to its description as the new species Candidatus
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Neoehrlichia mikurensis in 2004 (Kawahara et al., 2004). This
emerging zoonotic intracellular tick-borne pathogen forms a sepa-
rate cluster in the family Anaplasmataceae together with the North
American Candidatus Neoehrlichia lotoris, which has been detected
in raccoons (Procyon lotor) (Yabsley et al., 2008). In Switzerland,
Sweden, Germany, Czech Republic and in China Candidatus N.
mikurensis was shown to be a human and in Germany as a canine
pathogen (Grankvist et al., 2014; Jahfari et al., 2012; Li et al,,
2012; Pekova et al., 2011; Silaghi et al., 2012; Tijsse-Klasen et al.,
2014). Most of the human patients were immunocompromised due
to splenectomy or immunosuppressive therapy and the reported
manifestations of neoehrlichiosis were severe. In China, however,
Candidatus N. mikurensis infection was also reported in immuno-
competent patients (Li et al., 2012). Ixodes ricinus is most likely
the vector in Europe, but the range of reservoir hosts is not fully
known. Some studies suggested rodents as potential reservoirs
(Jahfari et al., 2012) and recently the reservoir role of Apodemus
mice (A. flavicollis, A. sylvaticus) and bank voles (Myodes glareolus)
has unambiguously been proven in a xenodiagnostic study (Burri
etal., 2014).

Several studies have identified DNA of Candidatus N. mikurensis
in questing or host-attached I. ricinus in Europe including Hungary
(Derdakova et al., 2014; Hornok et al., 2013; Jahfari et al., 2012).
Recently, Northern white-breasted hedgehogs (Erinaceus rouman-
icus) were shown to carry this pathogen in a city park of Budapest
(Foldvari et al., 2014). However, potential rodent reservoir hosts
have thus far not been examined in Hungary. Accordingly, in this
study the occurrence of Candidatus N. mikurensis was investigated
in small mammals, ticks parasitizing them and questing ticks in
natural habitats in Southern Hungary.

Anaplasma phagocytophilum is an obligate Gram-negative intra-
cellular bacterium. It has been a well known pathogen among the
domestic ruminants causing “tick-borne fever” but it is a gener-
alist pathogen and can infect several other land-living vertebrate
species (including humans) on the Northern hemisphere where
ticks of the I ricinus complex are endemic. Fatal infection cases
were reported in sheep, horse, roe deer, dogs and humans. This
bacterium infects and colonizes the neutrophils thus the pathogen
decreases the number of the useful immune cells often leading to
immunodeficiency (Stuen et al., 2013).

Wild ruminants and probably small mammals (rodents and
insectivores) play the most important role in the life cycle of A.
phagocytophilum but other animals (bears, wild boars, foxes, horses,
reptiles) canalso serve as hosts or possible reservoirs (Foldvarietal.,
2014; Silaghi et al., 2012; Stuen et al., 2013; Vichova et al., 2010,
2014). In the USA the white-footed mouse (Peromyscus leucopus)
is considered the major reservoir of this pathogen (Stuen et al.,
2013). The bank vole (My. glareolus), the yellow-necked mouse (A.
flavicollis) and the field vole (Microtus arvalis) are the candidate
rodent reservoirs in Europe (Stuen et al., 2013), but in a xenodi-
agnostic study the Apodemus spp. mice and My. glareolus did not
infectlarvae that had fed on them (Burri et al., 2014). Thus, the exact
role of European rodent species in the circulation and maintenance
of bacteria is unclear and prevalence rate of A. phagocytophilum
DNA is low in this group of animals (Stuen et al., 2013). Anaplasma
phagocytophilum can also be transmitted by ticks to a wide range
of domestic ruminants e.g. bovines (cattle, yak), camelids (llama,
alpaca), sheep and goats.

In Europe, the increasing geographic range of I. ricinus as well as
the expansion to higher altitudes opened new regions and heights
to this pathogen (Jaenson et al., 2012; Medlock et al., 2013). In
Hungary the prevalence of A. phagocytophilum infection in rodents
(Rig6 et al., 2011) and questing ticks (Egyed et al., 2012) was rel-
atively low, but in a recent paper using a more sensitive qPCR the
prevalence in hedgehogs (E. roumanicus) was high (Foldvari et al.,
2014).

This study investigates the occurrence of Candidatus N.
mikurensis and A. phagocytophilum DNA in small mammals, ticks
parasitizing them and questing ticks in natural habitats in Southern
Hungary, with the aim to highlight the role of the rodent species
as prospective hosts that contribute to the maintenance of these
pathogens in the area.

Materials and methods
Sample collection

Between July 2010 and May 2013, small mammals were live-
trapped with 100 modified Sherman-traps (17 x 7 x 8 cm) within
the Gemenc area which is a forest covered floodplain near the
Danube River, in Southern Hungary (Fig. 1). The total number of
trapnights (the sum of the total number of nights each trap was
used) was 2200. Traps were set at sunset and checked early the
following morning. The species and sex of trapped rodents was
identified (Aulagnier et al., 2008) and animals belonging to pro-
tected species were then released. All the other rodents were
euthanized. The carcasses were checked for ticks and other ectopar-
asites and samples from spleen and skin were collected. The spleen
and skin samples in this study did not originate from the same
individuals.

During the trapping in May 2012, ticks were collected with flag-
ging from the vegetation in several different locations within the
Gemenc area. Ticks collected from the trapped animals and from
the vegetation were stored in 70% ethanol, and were later identi-
fied using standard identification keys (Hillyard, 1996; Nosek and
Sixl, 1972).

DNA extraction

The DNA was extracted from ticks by alkaline hydrolysis (Guy
and Stanek, 1991) before being examined for the presence of the
bacteria by polymerase chain reaction. Pool samples were prepared
from each 10 larvae originating from the same host individual. The
nymphs and adults were processed individually. DNA was isolated
from the tissue samples with a modified Miniprep Express Matrix
protocol (MP Biomedicals, Santa Ana, USA). We stored the tubes
with extracted DNA at —20°C in the freezer for further analyses.

Polymerase chain reaction

To determine whether the tissue or tick samples contained
any pathogens, we used multiplex quantitative-PCR (qPCR) for
A. phagocytophilum and Candidatus N. mikurensis. For Candi-
datus N. mikurensis we targeted GroEL heat shock protein
gene, the product length was 102bp, with forward primer
groEL-F2a (5 CCTTGAAAATATAGCAAGATCAGGTAG 3’) (Jahfari
et al, 2012). We used two reverse primers groEL-R2a (5’
CCACCACGTAACTTATTTAGCACTAAAG 3') and groEL-R2b (5’ CCAC-
CACGTAACTTATTTAGTACTAAAG 3’), with the probe groEL-P2a
(5’ CCTCTACTAATTATTGCtGAAGATGTAGAAGGTGAAGC 3'). For A.
phagocytophilum, we targeted the major surface protein 2 gene with
the forward primer apMSP2F (5 ATGGAAGGTAGTGTTGGTTATG-
GTATT 3’), reverse primer apMSP2R (5 TTGGTCTTGAAGCGCTCGTA
3’) and probe apMSP2P (5’ TGGTGCCAGGGTTGAGCTTGAGATTG 3’)
(Courtney et al., 2004), resulting in a 77 bp long product. In the
analysis of qPCR result we selected the positive samples by two
criteria, the shape of curves (compared to positive controls) and CT
(threshold cycle) values. Samples were considered positive with CT
values below 41 cycles for both Candidatus N. mikurensis and for
A. phagocytophilum. In PCR reactions we used negative controls to
verify and exclude any contaminations.
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Fig. 1. Location of the study site in Southern Hungary (Gemenc).

Data analysis

For statistical analysis R (The R Development Core Team, 2010)
and Quantitative Parasitology 3.0 (R6zsa et al., 2000) statistical pro-
grammes were used.

Results
Rodents

We trapped altogether 525 rodents in the study sites. Tis-
sue samples of six species were analysed: A. flavicollis (skin: 102,
spleen: 67), A. agrarius (skin: 202, spleen: 92), Myodes glareolus
(skin: 29, spleen: 11), Microtus arvalis (skin: 7, spleen: 4), Micromys
minutus (skin: 3), Mus musculus (skin: 5, spleen: 3).

Ticks

Altogether 343 ticks belonging to five species were found on
the vegetation (n=162) and on rodents (n=181). Haemaphysalis
concinna and I. ricinus occurred on both the rodents and the vege-
tation. Endophilic I. acuminatus ticks were found only on rodents.
Adults of Dermacentor reticulatus and Dermacentor marginatus were
collected from the vegetation (Table 1).

Candidatus Neoehrlichia mikurensis

Six (1.7%) out of 348 rodent skin samples and six (3.4%) out
of 176 spleen samples were positive for Candidatus N. mikurensis
(Table 2). Only two (A. flavicollis and A. agrarius) out of six examined
rodent species were infected with Candidatus N. mikurensis.

Three (8.8%) out of 34 questing I ricinus ticks were infected
(Table 3). The other ticks species and the engorged ticks were neg-
ative for this pathogen (Table 4).

Table 1
Tick species, developmental stages and numbers of ticks collected from the vegeta-
tion and removed from rodents in Southern Hungary.

Species Ticks from rodents Questing ticks
Larva/nymph/female/male

I ricinus 36/5/0/0 0/21/5/8

. acuminatus 52/1/3/0 0/0/0/0

H. concinna 15/3/0/0 33/10/11/8

D. reticulatus 0/0/0/0 0/0/41/23

D. marginatus 61/5/0/0 0/0/2/0

Sum 181 162

CT-values of the 15 Candidatus Neoehrlichia mikurensis-
positive samples varied between 25.55 and 40.03 (average 32.22),
however, conventional PCR and sequencing was not successful
from these samples (data not shown).

Anaplasma phagocytophilum

We found 23 (6.6%) and 9 (5.1%) A. phagocytophilum PCR-
positives in the skin and spleen samples of rodents, respectively
(Table 2). Anaplasma phagocytophilum prevalence in skin samples of
A. flavicollis was significantly higher compared to the Candidatus N.
mikurensis prevalence in the same samples (Fisher test, p=0.0036).

Five (3.1%) questing ticks were PCR-positive, namely one . rici-
nus male, two D. reticulatus females and two H. concinna females
(Table 3). One I. ricinus nymph removed from a PCR-positive male
A. flavicollis was infected with A. phagocytophilum (Table 4).

CT-values of the 38 Anaplasma phagocytophilum-positive sam-
ples varied between 29.14 and 40.86 (average 36.78), however,
conventional PCR and sequencing was not successful from these
samples (data not shown).
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Table 2

Number of ticks on the different rodent species from Southern Hungary and the positivity of the tissue samples for Candidatus N. mikurensis and A. phagocytophilum.

Rodent species Tick species N. mikurensis A. phagocytophilum

L. ricinus I acuminatus D. marginatus H. concinna (+/tested/prevalence)

Skin Spleen Skin Spleen

A. flavicollis 34 54 46 15 3/102/2.9% 3/67/4.5% 14/102/13.7% 3/67/4.5%
A. agrarius 2 2 11 - 3/202/1.5% 3/92/3.3% 8/202/4% 2/92/2.2%
My. glareolus 4 - 5 - 0/29/- 0/11/- 1/29/3.5% 2/11/18.2%
Mi. arvalis 1 - 4 3 0/7/- 0/4/- 0/7/- 1/4/25%
M. minutus - - - - 0/3/- - 0/3/- -
Mu. musculus - - - - 0/s5/- 0/3/- 0/5/- 1/3/33.3%
Sum a1 56 66 18 6/348/1.7% 6/177/3.4% 23/348/6.6% 9/177/5.1%

Table 3
Prevalence of Candidatus N. mikurensis and A. phagocytophilum in questing ticks
collected in the study site.

Tick species N. mikurensis A. phagocytophilum

(+/tested/min. prevalence)

I. ricinus 3/34/8.8% 1/34/2.9%

D. reticulatus 0/64/- 2/64/3.1%

D. marginatus 0/2/- 0/2/-

H. concinna 0/62/- 2/62/3.2%

Sum 3/162/1.9% 5/162/3.1%
Discussion

Numerous studies reported the role of ticks and small mam-
mals in the tick-borne pathogens’ epidemiological cycle in Europe.
Rodent species and insectivores are also important hosts of the
subadult stages of the exophilic ticks and of all stages of endophilic
tick species. In the present study we examined the occurrence of
two emerging zoonotic bacteria in a small mammal community and
in the associated tick species in Southern Hungary.

We found a lower prevalence of tick infestation (8%) on the
small mammals compared with other European studies (Khanakah
et al,, 2006; Kiffner et al,, 2011). This may be a consequence of
the relatively frequent floods in Gemenc area which may result
in suboptimal conditions for tick questing. The majority of the col-
lected ticks (70%) were in larval and nymphal stages. Haemaphysalis
concinna, I. ricinus and Dermacentor individuals were collected both
from the vegetation and from the captured small mammals. The
endophilic ticks like the subadult stages of the Dermacentor species
and all stages of I. acuminatus were found on small mammals only.
We detected only D. marginatus larvae and nymphs on rodents but
no D. reticulatus subadults, although the questing adults of the latter
species were present in this area.

Anaplasma phagocytophilum DNA was amplified from five quest-
ing individuals of three tick species: two H. concinna and two D.
reticulatus adults and one I. ricinus nymph. Other papers have also
reported A. phagocytophilum infection in H. concinna and D. retic-
ulatus ticks (Tomanovic et al., 2013; Wirtgen et al., 2011). While
L. ricinus is known to be the main vector of this microorganism in

Table 4
Prevalence of Candidatus N. mikurensis and A. phagocytophilum in engorged ticks
from rodents in Southern Hungary.

Tick species N. mikurensis A. phagocytophilum
(+/tested/min. prevalence%)

I ricinus 0/41/- 1/41/2.4%

I. acuminatus 0/56/- 0/56/-

D. marginatus 0/66/- 0/66/-

H. concinna 0/18/- 0/18/-

Sum 0/181/- 1/181/0.6%

Europe, the other two tick species are not currently considered vec-
tors. Since our findings are based on the detection of bacterial DNA
in questing ticks it does not provide evidence for the vector role of
these tick species and this issue should be further investigated by
xenodiagnostic experiments.

Among the questing ticks we found a male, a female and a
nymphal L. ricinus to be Candidatus N. mikurensis-positive. This is
the first report about the presence of this pathogen from Gemenc
since Hornok et al. (2013) collected ticks from this area in 2007 but
did not find any Candidatus N. mikurensis-positive.

Among the 162 engorged ticks we found one I. ricinus with A.
phagocytophilum infection. The PCR positivity of engorged ticks,
however, does not prove infection of the tick itself because it con-
tains high amount of host blood. Thus, if we have only prevalence
data from engorged ticks, it is not clear whether the tick or the host
was infected with the pathogen. Therefore we also collected and
analysed ticks from the vegetation as a control group for engorged
ticks (Table 3). Based on the limited number of engorged specimens
analysed (Table 4), I. acuminatus, D. marginatus and H. concinna
ticks are probably not involved in the natural cycle of Candidatus N.
mikurensis and A. phagocytophilum.

Anaplasma phagocytophilum has a broad host range from wild
and domestic animals to humans. Some ruminants, rodents and
insectivores can maintain this pathogen (Stuen et al., 2013). Rodent
species were considered the most important reservoirs (Burri et al.,
2014; Jahfari et al., 2012; Silaghi et al., 2012; Stuen et al., 2013) in
the natural maintenance of both A. phagocytophilum and Candidatus
N. mikurensis. Apodemus flavicollis, A. sylvaticus and My. glareolus
rodents have recently been shown to be reservoirs of Candidatus N.
mikurensis, but not for A. phagocytophilum (Burri et al., 2014). At
our study site however, A. flavicollis, A. agrarius and My. glareolus
carried A. phagocytophilum. Based on this, the transmission cycle
found in our study seems to differ from the recently described
situation in Eastern Slovakia where no A. phagocytophilum was
detected in rodents at sites where Ixodes trianguliceps was absent
(Blanarova et al., 2014). A previous study of Foldvari et al. (2014)
found 76.1% A. phagocytophilum and 2.3% Candidatus N. mikuren-
sis infection rates in urban hedgehogs (E. roumanicus) in Hungary
(Foldvari et al., 2014). In the present study, using the same molecu-
lar methods, we report lower A. phagocytophilum (6.6%) and similar
Candidatus N. mikurensis (1.7%) infection rates in skin samples of
natural rodent communities. The significantly lower A. phagocy-
tophilum prevalence (Fisher-test, p<0.00001) in natural rodents
compared to urban hedgehogs suggests that the studied rodent
population seems to contribute to a smaller extent to the life
cycle of the pathogen compared to hedgehogs in the urban sit-
uation where dilution hosts less frequently occur (Rizzoli et al.,
2014). As recently published data indicate, different A. phagocy-
tophilum ecotypes circulate in rodent-associated cycles from that
of hedgehog-associated cycles and the human pathogenic ecotype
I does not occur in rodents (Jahfari et al., 2014). Unfortunately, in
our study, conventional PCR amplification and sequencing of the



S. Szekeres et al. / Ticks and Tick-borne Diseases 6 (2015) 111-116 115

two pathogens was not successful due to low DNA concentration
in the samples (data not shown).

In case of Candidatus N. mikurensis the spleen samples (contain-
ing higher amount of possibly infected blood cells) were reported
to be significantly more positive than ear biopsy samples (Silaghi
etal., 2012).In the present study we did not observe this difference
in Candidatus N. mikurensis prevalence between skin and spleen
samples, however, the two samples of the same individuals were
not analysed.

The Gemenc area is a natural open habitat with a broad range of
possible host species compared with Margaret Island in the heart
of Budapest which is a nearly closed habitat with many hedge-
hogs and frequent human and canine visitors. In natural habitats
ticks can find broad range of host species but the chances for ticks
to find a host are lower in contrast to the urban (closed) habi-
tats which have only a few potential host species but usually in
a higher density (Foldvari et al., 2011, 2014; Rizzoli et al., 2014).
Pathogen cycles probably differ in urban and natural habitats. The
gene pool of pathogens in the natural habitat compared with the
“urban” pathogens is probably larger because the genetic diversity
of the pathogens follows the diversity of host species (Cisarovsky
and Schmid-Hempel, 2014). The selective pressure on the pathogen
with wide range of possible host species increases its genetic
diversity under natural circumstances. If, in turn the number of
hosts is limited, the pathogen has to specialise for these, which
decreases its genetic diversity. These local limitations in available
hosts might have also led to the evolution of different A. phago-
cytophilum ecotypes (Jahfari et al., 2014). The presence of similar
processes should also be investigated in Candidatus N. mikurensis
populations.

In conclusion, this study showed the presence of two zoonotic
pathogens in questing ticks, engorged ticks and rodent tissue sam-
ples in Southern Hungary. To better understand the cycles of these
tick-borne bacteria, potential reservoir hosts, ticks collected from
these hosts, and vegetation should be further investigated.
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