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Introduction
Ticks are haematophagous arthropods causing and 
feeding on subcutaneous haemorrhages. While feed-
ing on a host, they may injest pathogens present in 
the blood, or inject pathogens into the wound. The 
immuno-modulatory activity of tick saliva (Jones 
et al 1992) may permit the localized survival of 
pathogens in the skin of an immune host at the tick 
bite site. Uninfected ticks (i.e. recipients) feeding in 
close proximity to an infected tick (i.e. donor) may 
thus become infected in turn without their host be-
ing necessarily systemically infected. This cofeed-
ing transmission process could be observed under 
laboratory conditions for Tick-Borne Encephalitis 
Virus, Thogoto Virus, and for the causative agent 
of Lyme disease, Borrelia burgdorferi sensu lato 
(Gern, Rais 1996, Jones et al. 1987, Labuda et al. 

1993 a, b, 1996, 1997). However, under natural con-
ditions, no evidence could be found in field collected 
samples to support the theory of cofeeding transmis-
sion of Tick-Borne Encephalitis Virus in yellow-
necked mice from an endemic area (de Mendonça 
et al. 2011). Further laboratory experiments with 
Anaplasma marginale were unable to demonstrate 
cofeeding transmission of that pathogen (Kocan, de 
la Fuente 2003). A related bacterium, Anaplasma 
phagocytophilum is pathogenic to both Humans and 
domestic animals (Artursson et al. 1999, Bermann 
et al. 2002, Chen et al. 1994, Johansson et al. 1995, 
Joncour et al. 2005, Matsumoto et al. 2006, Naranjo 
et al. 2006, Woldehiwet 2006). This bacterium was 
also reported in wildlife (Alberdi et al. 2000, de la 
Fuente et al. 2007, Jenkins et al. 2001, Liz et al. 2002, 
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Naranjo et al. 2006, Polin et al. 2004, Skotarczak 
et al. 2008, Stuen et al. 2001, Zeman, Pecha 2008). 
Prevalence estimates of A. phagocytophilum in quest-
ing nymphal and adult ticks imply that most ticks 
become infected through their nymphal blood meal 
(de Mendonça et al. 2008). This very strongly sug-
gests that circling between immature and adult ticks 
occurs through feeding on the same reservoir host. 
It was shown that all three active instars of Ixodes 
ricinus are found together, feeding in close proxim-
ity on roe deer (Heyl, de Mendonça 2009, 2011). 
Aggregated distribution of ticks is also observed in 
common voles, where most ticks are attached to the 
ear flap (Harsch, de Mendonça unpublished). Both 
roe deer (Capreolus capreolus) and common voles 
(Microtus arvalis) are very abundant mammals of 
the European landscape (Blant 1995, Meylan 1995, 
Sempéré et al 1996). They thus potentially play an 
important role in the epidemiology of tick-borne dis-
eases. To date however, very little is known about 
the part played by these wild mammals in the natural 
transmission cycles of borreliosis and anaplasmosis.

We therefore aimed to compare the incidence 
of Anaplasma phagocytophilum and Borrelia burg-
dorferi sensu lato in skin samples collected from the 
privileged sites of tick attachment (i.e. sites of lo-
calized immuno-modulation) and in blood samples 

(revealing systemic infection) from roe deer and 
common voles.

Materials and Methods
Common voles (Microtus arvalis) were trapped in 
Bavaria and Baden-Württemberg (Germany) be-
tween April and November 2009. Traps were placed 
near burrow entrance holes, along vole runways, 
or buried inside burrow galleries. Voles underwent 
euthanasia and, for each individual, both blood and 
skin samples were immediately collected and pre-
served in 80% ethanol for later molecular process-
ing. The skin sample was taken from the ear flap and 
blood was collected from the retro-orbital sinus and/
or from a kidney using sterile micro-capillaries.

Deer samples were obtained from culled roe 
deer (Capreolus capreolus) from Bavaria, Baden-
Württemberg and Thuringia (Germany) between 
May 2007 and November 2009. For each individual, 
both blood and skin samples were immediately col-
lected and preserved in 80% ethanol for later molec-
ular processing. Skin samples were collected from 
the inguinal area where many ticks cluster. Blood 
was collected by cardiac puncture.

DNA from blood and skin samples was ex-
tracted using a QIAamp® DNA Mini Kit (QIAGEN, 

Table 1. Primers  and probes for the amplification and subsequent hybridization of Borrelia DNA. The 5’-amino linker 
is a N-(trifluoroacetamidohexyl-cyanoethyl, N,N-diisopropylphosphoramidite [TFA])-C6 amino linker.

Primers and probes Sequence Source

B-5SBor 5’-biotin-GAGTTCGCGGGAGAGTAGGTTATT-3’ Alekseev et al. 2001
23SBor 5’-TCAGGGTACTTAGATGGTTCACTT-3’ Alekseev et al. 2001
Borrelia spp. 5’-amino-CTTTGACCATATTTTTATCTTCCA Rijpkema et al. 1995
Borrelia burgdorferi s.s. 5’-amino-AACACCAATATTTAAAAAACATAA Rijpkema et al. 1995
Borrelia garinii 5’-amino-CAAAAACATAAATATCTAAAAACATAA Poupon et al. 2006
Borrelia afzelii 5’-amino-AACATTTAAAAAATAAATTCAAGG Rijpkema et al. 1995
Borrelia valaisiana 5’-amino-TATATCTTTTGTTCAATCCATGT Poupon et al. 2006
Borrelia lusitaniae 5’-amino-TCAAGATTTGAAGTATAAAATAAAA Poupon et al. 2006
Borrelia lusitaniae 5’-amino-CATTCAAAAAAATAAACATTTAAAAACAT Gern et al. 2010
Borrelia lusitaniae 5’-amino-AAATCAAACATTCAAAAAAATAAAC Gern et al. 2010
Borrelia spielmanii 5’-amino-GAATGGTTTATTCAAATAACATA Gern et al. 2010
Borrelia spielmanii 5’-amino-GAATAAGCCATTTAAATAACATA Gern et al. 2010
Borrelia bissettii 5’-amino-AAACACTAACATTTAAAAAACAT Gern et al. 2010
Borrelia bissettii 5’-amino-AACTAACAAACATTTAAAAAACAT Gern et al. 2010
Relapsing fever-like 5’-amino-CTATCCATTGATCAATGC Gern et al. 2010
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Hilden Germany) following the manufacturer’s in-
structions. DNA integrity was checked by PCR us-
ing molecular marker pairs p0033/p0049 and p0066/
p0067 targeting the vertebrate 18S rrNA gene 
(modified after Pichon et al. 2003). Intact DNA sam-
ples were screened for Borrelia spp. and Anaplasma 
phagocytophilum by real-time PCR (modified after 
Courtney et al. 2004). Positive and negative con-
trols were included in each PCR run.

Borrelia specific identification was done by re-
verse line blot hybridization using molecular markers 
targeting the 5S-23S rRNA inter-genic spacer region of 
Borrelia spp. as described in Table 1. Positive and neg-
ative controls were included in each PCR run. For re-
verse line blot, DNA was amplified using a touch-down 
protocol (Tables 2 and 3). Reverse line blot hybridiza-
tion followed the protocol of Rijpkema et al. (1995).

Results
Samples from common voles were all negative for 
A. phagocytophilum. No Borrelia spp. were detected 
in any deer sample.

Infection with Borrelia burgdorferi sensu lato 
in common voles (Microtus arvalis):

A total of 30 out of 143 voles were found in-
fected with Borrelia sp. (overall prevalence estimate: 
21.0%; 95% CI: 14.3%-27.7%). All Borrelia posi-
tive cases were identified as Borrelia afzelii. 29 out 
of 143 vole ear skin samples tested positive for B. 
afzelii. 6 out of 143 vole blood samples tested posi-
tive for B. afzelii. Of these, 5 voles tested positive for 
B. afzelii for both ear skin and blood (Fig. 1). There is 
a very highly statistically significant difference in in-
fection levels between skin and blood from common 
voles (McNemar’s test for paired samples corrected 
for continuity, X2=19.360; df=1; p<0.001, based on 
286 observations of 143 voles), ear skin being more 
likely to be infected with Borrelia afzelii. Prevalence 
estimate for B. afzelii in ear skin is 20.3% (95% CI: 
13.7%-26.9%) whereas prevalence estimate for that 
pathogen in blood is 4.2% (95% CI: 0.9%-7.5%).

Infection with Anaplasma phagocytophilum  in 
roe deer (Capreolus capreolus):

A total of 99 out of 106 deer were found in-
fected with A. phagocytophilum (overall prevalence 
estimate: 93.4%; 95% CI: 88.7%-98.1%). 91 out of 
106 deer skin samples tested positive for A. phago-
cytophilum. 80 out of 106 deer blood samples tested 
positive for A. phagocytophilum (Fig. 2). Only 7 
individuals tested negative for both skin and blood 
samples. There is no statistically significant differ-
ence in infection levels between skin and blood from 
deer (McNemar’s test for paired samples corrected 
for continuity, X2=3.704; df=1; p>0.05, based on 212 
observations of 106 deer). Prevalence estimate for A. 
phagocytophilum in skin is 85.9% (95% CI: 79.2%-
92.5%) whereas prevalence estimate for that patho-
gen in blood is 75.5% (95% CI: 67.3%-83.7%).

Table 2.  Touch-down PCR program for the amplification of Borrelia DNA for subsequent reverse line blot hybridiza-
tion.

Hot Start Taq activation 95°C 5 min 1 cycle
Denaturation 94°C 20 sec
Annealing from 60°C to 52°C 30 sec 1°C/cycle
Extension 72°C 30 sec
Denaturation 94°C 20 sec

40 cyclesAnnealing 52°C 30 sec
Extension 72°C 30 sec
Final extension 72°C 7 min 1 cycle

Table 3.  Reaction mix for the amplification of Borrelia 
DNA for subsequent reverse line blot hybridization. Total 
volume is 50µl, including 10µl template DNA.

10x QIAGEN PCR buffer (at 15mM 
MgCl2)

5.00µl

QIAGEN MgCl2 (at 25mM) 2.00µl

QIAGEN dNTPs (10mM) 1.00µl

Primer 23S Bor (10µM) 1.00µl

Primer B5S Bor (10µM) 1.00µl

H2O 29.75µl

QIAGEN Hot Start Taq Plus (5U/µl) 0.25µl
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Discussion
To date, only few data on infection with Borrelia spp. 
in M. arvalis are available (Paulauskas et al. 2008). 
Our results are the first comparison between skin 
and blood infection levels for Borrelia burggdorferi 
sensu lato genospecies in Germany. The fact that B. 
afzelii was the sole Borrelia genospecies detected 
in our vole samples comes to no surprise. A similar 
result was described by Humair et al. (1995) for 
other rodent species. Actually, it was shown that 
the complement in sera from European rodents very 
efficiently clears the other Borrelia genospecies, 
thus positively selecting B. afzelii (Kurtenbach et 
al. 1998). European rodents thus transmit nearly 
exclusively B. afzelii to feeding ticks (Hanincova et 
al. 2003). Most interestingly, very few voles (barely 
4.2%) were systemically infected, although rodents 
are known to develop systemic infections with B. 
afzelii (P.G. de Mendonça unpublished, Park et al. 
1999; Randolph et al. 2002). Ear skin samples were 
much more likely to test positive for B. afzelii than 
blood samples. Indeed, approximately 20.3% of the 
ear flap skin samples we analysed were positive for 
B. afzelii. It might be that the immuno-modulatory 
activity of tick saliva permits a locally higher survival 
of B. afzelii in vole ear flap. Since most ticks found 

on common voles are actually attached to the ear 
flap (Harsch, de Mendonça unpublished), localized 
infection and cofeeding at the ear flap level might 
be a significant transmission route for B. afzelii in 
Microtus arvalis.

A. phagocytophilum is an obligatory intracel-
lular bacterium found predominantly inside neu-
trophils and to a lesser extent inside eosinophils and 
basophils (Woldehiwet 2006). These leukocytes cir-
culate in the blood flow, and infected granulocytes 
are thus expected to be detected in blood samples 
from infected animals. The high bacteraemia detect-
ed by PCR here (75.5%) comes therefore to no sur-
prise considering the extremely high overall infection 
rate observed (A. phagocytophilum was detected in 
93.4% of the individual deer we analysed). The in-
teresting point here, is that skin samples tested posi-
tive for A. phagocytophilum more often (85.9%) than 
blood samples (75.5%), although this was barely not 
statistically significant (p=0.054). Ticks feed from 
subcutaneous haemorrhages. These haemorrhages 
are characterized by an immune-cell enriched serum 
(Randolph et al. 2002). It was shown (Allen et al. 
1977, Brossard, Fivaz 1982, van der Heijden et al. 
2005) that the infiltrate in the cutaneous reaction at 
the tick attachment site contains mostly neutrophils, 
eosinophils and basophils, i.e. precisely the cells 
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Fig. 1.  Number of individual voles which tested positive 
for Borrelia afzelii in skin only, in both skin and blood, 
and in blood only. Each individual had both skin and 
blood tested.

Fig. 2.  Number of individual deer which tested positive 
for Anaplasma phagocytophilum in skin only, in both skin 
and blood, and in blood only. Each individual had both 
skin and blood tested.
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which are invaded by A. phagocytophilum. The im-
muno-modulation at the tick attachment site by tick 
saliva actually influences the transfer of A. phagocy-
tophilum between the vector tick and the reservoir 
host (Borjesson et al. 2003). The extravasation and 
thus highly increased number of Anaplasma infected 
granulocytes in the skin at the tick attachment site ex-
plain the particularly high infection levels observed 
for skin samples. The combination of (1) clustering 
of high numbers of ticks in the inguinal area, and (2) 
high infection levels with A. phagocytophilum of the 
skin at tick attachment sites, suggests that cofeed-
ing might be a significant transmission route for A. 
phagocytophilum in Capreolus capreolus.

In conclusion, the high infection levels of the 
skin at tick attachment sites suggest that cofeed-
ing might be a significant transmission route for B. 

afzelii in M. arvalis and for A. phagocytophilum in 
C. capreolus.
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