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Abstract 

Background:  Ixodes ricinus is the most common tick species in Europe and the main vector for Borrelia burgdorferi 
(sensu lato) and tick-borne encephalitis virus (TBEV). It is involved also in the transmission of Borrelia miyamotoi, a 
relapsing fever spirochete that causes health disorders in humans. Little is known regarding the circulation of Borrelia 
species and the natural foci of TBEV in north-eastern Germany. The goal of this study was to investigate the infection 
rates of Borrelia spp. and of TBEV in I. ricinus ticks from north-eastern Germany.

Methods:  Ticks were collected by flagging from 14 forest sites in Mecklenburg-Western Pomerania between 
April and October 2018. RNA and DNA extraction was performed from individual adult ticks and from pools of 
2–10 nymphs. Real time reverse transcription PCR (RT-qPCR) targeted the 3′ non-coding region of TBEV, while DNA of 
Borrelia spp. was tested by nested PCR for the amplification of 16S-23S intergenic spacer. Multilocus sequence typing 
(MLST) was performed on B. miyamotoi isolates.

Results:  In total, 2407 ticks were collected (239 females, 232 males and 1936 nymphs). Female and male I. ricinus ticks 
had identical infection rates (both 12.1%) for Borrelia spp., while nymphal pools showed a minimum infection rate 
(MIR) of 3.3%. Sequencing revealed four Borrelia species: B. afzelii, B. garinii, B. valaisiana and B. miyamotoi. Borrelia afzelii 
had the highest prevalence in adult ticks (5.5%) and nymphs (MIR of 1.8%). Borrelia miyamotoi was identified in 3.0% 
of adults and registered the MIR of 0.8% in nymphs. Borrelia valaisiana was confirmed in 2.5% adult ticks and nymphs 
had the MIR of 0.7%, while B. garinii was present in 1.1% of adults and showed a MIR of 0.1% in nymphs. The MLST of 
B. miyamotoi isolates showed that they belong to sequence type 635. No tick sample was positive after RT-qPCR for 
TBEV RNA.

Conclusions:  The prevalence of B. miyamotoi in I. ricinus ticks registered similar levels to other reports from Europe 
suggesting that this agent might be well established in the local tick population. The detection of B. burgdorferi (s.l.) 
indicates a constant circulation in tick populations from this region.
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Background
Ixodid ticks transmit the greatest variety of human and 
animal pathogens compared to any other arthropod [1]. 
Ixodes ricinus is the most widespread hard tick species 
in Europe and Germany [2, 3] known to feed on many 
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different vertebrate hosts. The most relevant pathogens 
for which I. ricinus is a competent vector are Borrelia 
burgdorferi (sensu lato), the agent responsible for Lyme 
disease and the tick-borne encephalitis virus (TBEV) [4, 
5]. Spirochetes of the B. burgdorferi (s.l.) complex can 
cause Lyme borreliosis, the most frequent tick-borne dis-
ease of humans in the Northern Hemisphere [6].

In Europe, each year tens of thousands of human cases 
are being reported [7]. In Germany, Lyme borreliosis is 
the most common tick-borne disease in humans, reg-
istering between 2013 and 2017 mean annual incidence 
rates on district level from 0.5/100,000 up to 138/100,000 
[8]. Currently, 22 genospecies belonging to the B. burg-
dorferi (s.l.) complex exist, out of which 11 are circu-
lating in Europe [9]. In humans, Lyme borreliosis is a 
multi-systemic disease that evolves under several clini-
cal manifestations: erythema migrans (most frequent); 
Lyme arthritis; Lyme carditis; and neuroborreliosis [10]. 
Detection of B. burgdorferi (s.l.) in ticks from Germany 
was reported in several studies, prevalence rates ranging 
from 2% up to 36.2% in the southern part of the country 
[11–19].

Borrelia miyamotoi is the only member of the relaps-
ing fever group for which I. ricinus represents the main 
vector in Europe [20], causing influenza-like symptoms in 
humans characterized by fever, nausea, myalgia, fatigue, 
headache or chills [21].

Interestingly, information regarding the presence of B. 
miyamotoi in ticks from Northern Germany was lacking 
until 2018 when the first prevalence for this pathogen was 
published, 2.1% of I. ricinus ticks (8.9% of Borrelia spp. 
positive specimens) collected from the city of Hannover 
being positive by reverse line blot [16]. Positive I. ricinus 
ticks for B. miyamotoi were also detected in Western and 
Southern Germany, with infection rates varying from 
1.8% to 2.7% [11, 17].

Tick-borne encephalitis virus (TBEV) is the main viral 
agent transmitted by I. ricinus ticks in Europe [22]. It 
belongs to genus Flavivirus, family Flaviviridae and has 
three main subtypes: TBE-Eu (European sub-type) cir-
culating in Europe; TBE-FE (Far East) found in Asia; and 
TBE-Sib (Siberia) located in Russia and reaching also 
eastern part of Europe [22]. The virus has an endemic 
occurrence in 27 countries in Europe [23], with the Czech 
Republic, the Baltic countries, and Slovenia registering 
the highest annual incidence rates (5–18.6/100,000) [24]. 
It can cause severe central nervous system infections 
in humans that can be fatal [25]. Infections with TBEV 
are mostly located in Southern Germany, 89% of human 
cases occurring in Bavaria and Baden-Wurttemberg [26].

Mecklenburg-Western Pomerania is considered a low 
risk area for TBE but isolated cases of infection were 
reported between 2002 and 2018 [26]. In 2004, the first 

autochthonous human case was registered after 19 years 
[27]. Furthermore, detection of TBEV in questing I. rici-
nus was found in 2007 for the first time since 1992 [28]. 
Later studies found anti-TBEV-IgG antibodies in wild 
game [29], sheep and goats [30].

The goal of the present study was to investigate the 
occurrence of Borrelia spp. and tick-borne encephalitis 
virus in I. ricinus ticks in Mecklenburg-Western Pomera-
nia. Furthermore, multilocus sequence typing (MLST) 
for B. miyamotoi was performed, a pathogen for which 
there is still a lack of data regarding its circulation in ticks 
from Northern Germany.

Methods
Study sites and ticks
Study sites were 14 forested habitats in the north-eastern 
part of Mecklenburg-Western Pomerania (12 sites from 
mainland of Mecklenburg-Western Pomerania and 2 
sites from the island of Ruegen; Fig. 1). The tick collection 
took place from April to October 2018, by flagging a 1 m2 
white cotton material on the low vegetation and regu-
larly checking it for ticks. The collection was performed 
monthly in three locations (1, Kieshof; 3, Weitenhagen; 
and 7, Mannhagen), while for the rest of the sites, ticks 
were obtained after only one visit (Table 1).

Processing tick samples
After collection, ticks were transferred alive to the 
laboratory. We performed two washing steps of ticks; 
first washing in 70% ethanol for 5  min, followed by a 
second wash in a distilled water bath for 5  min. Ticks 

Fig. 1  The map of the sampling sites in Mecklenburg-Western 
Pomerania, Germany. Map: Map Explorer version 2.0 ®2010, FLI 
Wusterhausen
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were dried with paper tissues and then were subjected 
to morphological identification using taxonomical 
identification keys [31]. After identification, ticks were 
stored at − 80  °C until further analysis. Homogeniza-
tion of ticks was performed from each individual adult 
tick and from pools of nymphs (2 to 10 nymphs in each 
pool). Nymphs were pooled based on the collection 
site. Tick lysis was performed in a 2 ml tube, using one 
5 mm metal bead and 300 µl modified minimum essen-
tial medium (Collection of Cell Lines in Veterinary 
Medicine, Friedrich-Loeffler-Institut, Germany) sup-
plemented with 10% fetal calf serum. Homogenization 
was achieved using a TissueLyser II (Qiagen, Venlo, 
Netherlands) at 30  Hz, repeated twice for 1  min. Fol-
lowing tick lysis, each tube was centrifuged at 1500× 
rpm for 2  min. DNA and RNA extraction was per-
formed from 100  µl aliquots with GeneJET Genomic 
DNA Purification kit and GeneJET RNA Purifica-
tion Kit, respectively, according to the manufacturer 
instructions (Thermo Fisher Scientific, Waltham, USA). 
Purified RNA and DNA were eluted in 100  µl RNAse 
free water and elution buffer, respectively.

Detection of Borrelia spp. by nested PCR, sequencing 
and phylogenetic analysis
Detection of Borrelia species in ticks was performed by a 
nested PCR using specific outer and inner primers for the 
16S-23S intergenic spacer (16S-23S IGS) (Table  2) [32]. 
The amplification of a fragment of approximatively 1007 bp 
(size varies with the Borrelia species) in the first PCR and a 

fragment of 388–685 bp in the second PCR was performed 
as previously described [32], using GoTaq® Flexi DNA 
Polymerase kit (Promega, Madison, USA). The PCR prod-
ucts from the nested PCR were separated on a 1.5% agarose 
gel stained with Roti®-GelStain Red (Carl Roth GmbH, 
Karlsruhe, Germany) and visualised with ChemiDoc™M 
MP Imaging system (Bio-Rad Laboratories, Hercules, 
USA).

Positive samples were further processed for sequenc-
ing, first being purified with NucleoSEQ® kit (Mackerey 
Nigel, Düren, Germany) following the manufacturer 
instructions, and then sequenced on the ABI PRISM® 
3130 sequencer in both directions using the inner prim-
ers (Table 2) [32], at the Institute of Diagnostic Virology, 
Friedrich-Loeffler-Institut, Germany.

The obtained nucleotide sequences were viewed and 
edited in Geneious 11.1.5 (https​://www.genei​ous.com) 
and compared with data available in the GenBank data-
base using BLASTn. Consensus Borrelia 16S-23S IGS 
sequences were deposited in the GenBank database 
under the Accession numbers MK945767-MK945887.

For performing the phylogenetic analysis, we have 
selected 20 representative Borrelia sequences and refer-
ence sequences from GenBank that had high rates of sim-
ilarity, totalizing 39 nucleotide sequences. The tree was 
constructed by using the Maximum Likelihood method 
based on the Tamura 3-parameter model [33]. Borrelia 
turicatae (GenBank: MH620367) and B. hermsii (Gen-
Bank: KC883470) were used as the outgroup. The phylo-
genetic analysis was conducted in MEGA7 [34].

Table 1  Number of collected ticks from each study site in Mecklenburg-Western Pomerania

a  Monthly collection of ticks from April to October 2018

Abbreviations: F, females; M, males; N, nymphs; –, no collected ticks

Site Location Collected Ixodes ricinus ticks Coordinates

F M N Total

1 Kieshofa 123 149 1134 1406 54.130256N, 13.345506E

2 Ryck 3 2 10 15 54.095043N, 13.429127E

3 Weitenhagena 79 43 501 623 54.048814N, 13.407368E

4 Loitz  – 1 4 5 53.96054N, 13.13994E

5 Carlsruhe – – 7 7 54.13068N, 12.43077E

6 Tempel – 3 33 36 53.96054N, 13.13994E

7 Mannhagena 14 7 128 149 54.185725N, 13.207810E

8 Riems 9 17 4 30 54.181194N, 13.347872E

9 Ummanz 1 – 36 37 54.468392N, 13.167908E

10 Ladebow – 1 12 13 54.113863N, 13.416879E

11 Horst 8 6 8 22 54.129832N, 13.245665E

12 Thiesow 1 3 54 58 54.284438N, 13.694322E

13 Wackerow 1 – – 1 53.96054N, 13.13994E

14 Annenhof – – 5 5 53.96054N, 13.13994E

Total 239 232 1936 2407

https://www.geneious.com
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Multilocus sequence typing of Borrelia miyamotoi
Multilocus sequence typing (MLST) was performed for 
seven samples that tested positive in nested PCR for 16S-
23S IGS B. miyamotoi (GenBank: MK945785; MK945806; 
MK945817; MK945824; MK945861; MK945865; 
and MK945867). The selected seven samples were included 
in a PCR reaction using specific primer sets for the amplifi-
cation of nifS, clpA, rplB, pyrG, recG, clpX, pepX and uvrA 
gene fragments for each sample, as previously described 
(Table 2) [35] with slight modifications. The amplification 
of targets was performed using GoTaq® G2 Flexi DNA 

Polymerase kit (Promega). For nifS and clpA gene frag-
ments, a touchdown PCR was undertaken by an initial 
denaturation step at 95 °C for 2 min, followed by a first set 
of cycles with annealing conditions at 58 °C decreasing with 
1 °C until 50 °C for 30 s and extension at 72 °C for 60 s. Each 
reaction included 40 additional cycles at 95  °C for 30  s, 
50 °C for 30 s and 72 °C for 60 s, followed by a final exten-
sion step at 72 °C for 5 min.

For the remaining six targets (rplB, pyrG, recG, clpX, 
pepX and uvrA), the touchdown PCR included a dena-
turation at 95 °C for 2 min, followed by a first set of cycles 

Table 2  Primer pairs used for detection or for the MLST of selected targets of Borrelia spp. in I. ricinus ticks

a  Sequencing primers used in the second round of amplification and for sequencing the PCR products

Pathogen Target Primer/Probe Sequence (5′-3′) References

Borrelia spp. 16S-23S rRNA Bospp-IGS-F GTA​TGT​TTA​GTG​AGG​GGG​GTG​ [32]

Bospp-IGS-R GGA​TCA​TAG​CTC​AGG​TGG​TTAG​

Bospp-IGS-Fi AGG​GGG​GTG​AAG​TCG​TAA​CAAG​

Bospp-IGS-Ri GTC​TGA​TAA​ACC​TGA​GGT​CGGA​

B. miyamotoi nifS BmnifF31 GAA​AAA​GTA​AAC​TCC​CTC​AGA​AAG​G [35]

BmnifR892 CAA​TGA​TGC​CTG​CAA​TAT​TTG​GTG​

clpA BmclpAF1268 TTG​ATC​TCT​TAG​ATG​ATC​TTGG​ [35]

BmclpAR2051 CAA​ACA​TAA​ACC​TTT​TCA​GCC​TTT​AATA​

rlpB BmrplF18 ATT​AAG​ACT​TAT​ARG​CCA​AAAAC​ [35]

BmrplR761 GGCTGNCCC​CAA​GGW​GAT​

pyrG BmpyrF415 CTT​YTA​GTW​ATT​GAR​ATT​GGT​GGT​ [35]

BmpyrR1261 CAG​CAT​CAA​YTA​TRC​CAC​AAAC​

recG BmrecF908 CTA​GYA​TTC​CTY​TAA​TTG​AGGC​ [35]

BmrecR1779 TTC​RGT​TAA​AGG​TTC​CTT​ATA​AAG​

clpX BmclpXF104 CTG​TTG​CYA​TTT​GTT​TTG​AATGC(Y)TC [35]

BmclpXR1277 TAA​AGT​TCT​TTT​GCC​CAA​GG

pepX BmpepXF361 AGA​GAY​TTA​AGY​TTAKCAGG​ [35]

BmpepXR1202 GTT​TCT​CTT​AAA​GAY​TGC​ATTCC​

uvrA BmuvrF1435 GCTKAAA​TTT​TTR​ATT​GAT​GTT​GGA​ [35]

BmuvrR2306 CAR​GGA​ACA​AAA​ACA​TCR​GGC​

rplBa BmrplF23 GAC​TTA​TAG​GCC​AAA​AAC​TTC​ [35]

Bmrpl759R GAT​ACA​GGA​TGA​CGA​CCA​CC

pyrGa BmpyrF417 TTT​AGT​AAT​TGA​GAT​TGG​TGG​TAC​ [35]

Bmpyr1252R TAT​TCC​ACA​AAC​ATT​ACG​AGC​

recGa BmrecF909 TAG​CAT​TCC​TTT​AGT​TGA​GGC​ [35]

Bmrec1671R CTC​AGC​ATG​CTC​AAC​TAC​C

clpXa BmclpF268 TTA​TCT​GTT​GCT​GTT​TAT​AATC​ [35]

BmclpX1155R TTC​AAA​CAT​AAC​ATC​TTT​AAG​TAA​TTC​TTC​

pepXa BmpepF361 AGA​GAC​TTA​AAT​TTA​GCA​GGA​GTT​G [35]

Bmpep1187R TGC​ATT​CCC​CAC​ATT​GGA​GTTC​

uvrAa BmuvrF1437 TTA​AAT​TTT​TAA​TTG​ATG​TTG​GAC​T [35]

Bmuvr2147R TCT​GTA​AAA​AAC​CCA​ACA​TAA​GTT​GC

TBEV 3′ non-coding region F_TBE_1 GGG​CGG​TTC​TTG​TTC​TCC​ [36]

R_TBE_1 ACA​CAT​CAC​CTC​CTT​GTC​AGACT​

TBE-probe-WT TGA​GCC​ACC​ATC​ACC​CAG​ACACA​
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with an annealing temperature at 60  °C decreasing with 
1 °C each cycle until 52 °C and an extension step at 72 °C 
for 60 s. Additionally, 40 cycles were run at 95 °C for 30 s, 
annealing at 50 °C, extension at 72 °C for 60 s and a final 
extension step at 72 °C for 5 min. PCR products from the 
reactions targeting rplB, pyrG, recG, clpX, pepX and uvrA 
were included in a nested PCR reaction, using sequenc-
ing primers (inner primers) for another round of ampli-
fication for 35 cycles, annealing temperature being set at 
50 °C (Table 2) [35]. Sequences obtained for MLST analy-
sis were aligned and compared to the available sequences 
from the MLST database by using the sequence query 
option (http://pubml​st.org/borre​lia).

Analysis of ticks for the detection of tick‑borne 
encephalitis virus
RNA extracts were screened for tick-borne encephalitis 
virus (TBEV) by RT-qPCR targeting the 3′ non-coding 
region of the TBEV genome with specific primers and 
probe (Table  2) [36]. Taqman RT-qPCR reactions were 
performed in a final volume of 20  μl using the iTaq™ 
Universal Probes One Step Kit (BioRad Laboratory Inc., 
Munich, Germany). Each assay contained 10 μl Itaq uni-
versal probes reaction mix (2×), 2  μl of water, 400  nM 
of forward and reverse primers and 200 nM probe, 0.5 μl 
Iscript advanced reverse transcriptase and 5  μl of RNA. 
Each run included Langat virus RNA as positive control 
and water as negative control. Thermal cycling conditions 
of the reaction were as follows: 50 °C for 10 min, 95 °C for 
5 min, 45 cycles at 95 °C for 15 s, then 60 °C for 1 min.

Statistical analysis
The pathogens detected in the nymph pools were expressed 
as the percentage and minimum infection rate (MIR) cal-
culated as the ratio of the number of positive pools to the 
total number of analyzed ticks, assuming that only one tick 
in each pool was positive. MIR was calculated according to 
site and Borrelia species detected in nymphal pools.

In order to compare the prevalence rates of Borrelia 
spp. in adult stages of ticks, infectious rates and MIR of 
different species, a t-test (two sample assuming unequal 
variances) was conducted using Microsoft Excel (2016) 
(Microsoft Corp., Redmont, USA). Confidence intervals 
(95% CI) were also calculated in Microsoft Excel 2016 for 
the infection rates and MIR of Borrelia spp. and for the 
detected Borrelia species in each of the developmental 
stages. P-values < 0.05 were considered significant.

Results
In total, 2407 ticks were collected from April to October 
2018 in 14 sites from Mecklenburg-Western Pomerania 
(Fig. 1), all identified as I. ricinus, of nymphal and adult 
stage only. Nymphs represented the dominant stage 

collected with 1936 individuals (80.4%), followed by 
females (239; 9.9%) and males (232; 9.6%) (Table 1). The 
highest number of ticks was collected from Kieshof, rep-
resenting 58.4% (1406/2407) of the total ticks, followed 
by Weitenhagen (25.9%; 623/2407) and Mannhagen 
(6.2%; 149/2407) (Table 1). In these three locations, col-
lection of ticks was performed monthly.

Borrelia species detected in ticks
After performing nested PCR and sequencing the ampli-
cons, the prevalence of Borrelia spp. in adult stages 
was identical: 12.1% (29/239 of females and 28/232 of 
males). MIR of 3.3% was registered in nymphs (64/1936) 
(Table 3).

Sequencing revealed the presence of four Borrelia spe-
cies in analyzed ticks; three genospecies belonging to the 
B. burgdorferi (s.l.) group, B. afzelii, B. garinii and B. val-
aisiana, and one species of the relapsing fever group, B. 
miyamotoi. Out of these identified species, B. afzelii had 
the highest prevalence in adult ticks 5.5% (26/471). Borre-
lia miyamotoi was found in 3.0% (14/471) of adults, while 
B. valaisiana was detected in 2.5% (12/471) and B. garinii 
found in 1.1% (5/471) adult ticks (Table 3).

Amongst all four detected Borrelia species in adult 
ticks, B. afzelii had significantly higher infection rates 
than B. garinii (P = 0.0001) and B. valaisiana (P = 0.02) 
but not significantly different when compared to B. 
miyamotoi (P = 0.06). Borrelia miyamotoi showed a 
statistically significant higher prevalence in adults 
compared to B. garinii (P = 0.04) but not significantly 
different from B. valaisiana infection rate (P = 0.69). 
Infection rates of Borrelia valaisiana and B. garinii did 
not show significant differences (P = 0.09).

Borrelia afzelii had similar infection rates in both 
female and male ticks, 5.9% (14/239) and 5.2% (12/232), 
respectively (P = 0.75). Nymphs showed a MIR for 
B. afzelii of 1.8% (34/1936) (Table  3, Fig.  2). Borrelia 
miyamotoi was detected in 2.9% (7/239) of I. ricinus 
females and 3.0% (7/232) of males (P = 0.96). MIR of 
B. miyamotoi in nymphs was 0.8% (16/1936) (Table  3, 
Fig.  2). Detection of B. valaisiana was confirmed in 
3.4% (8/239) tick females and 1.7% (4/232) males, prev-
alence rates registering similar values (Table  3, Fig.  2) 
(P = 0.28). Pools of I. ricinus nymphs were also posi-
tive for B. valaisiana, MIR of 0.7% (13/1936) (Table 3, 
Fig. 2). All tested I. ricinus females were negative for B. 
garinii, while 2.2% of male ticks were positive (Table 3, 
Fig.  2). Borrelia garinii was found also in one pool of 
nymphs, MIR of 0.1% (1/1936) (Table 3, Fig. 2).

Considering the infection rates of different Borrelia 
species in each developmental stage, I. ricinus females 
had similar prevalence rate of B. afzelii when compared 
to B. valaisiana (5.9 vs 3.4%; P = 0.20) and B. miyamotoi 

http://pubmlst.org/borrelia
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(5.9 vs 2.9%; P = 0.13). In males, prevalence of B. afzelii 
was significantly higher than B. valaisiana (5.2 vs 1.7%; 
P = 0.04) but at similar rates with B. miyamotoi (5.2 
vs 3.0%; P = 0.25) and B. garinii (5.2 vs 2.2%; P = 0.09) 
(Table 3, Fig. 2).

Borrelia afzelii MIR in nymphs was significantly higher 
compared to all other three Borrelia species detected 
(1.8 vs 0.8% B. miyamotoi, P = 0.01; vs 0.7% B. valaisi-
ana, P = 0.002; vs 0.1% B. garinii, P < 0.0001). Borrelia 
miyamotoi and B. valaisiana had similar MIR (P = 0.57), 
and both species registered statistically higher MIR when 
compared to B. garinii (P < 0.0001 and P = 0.001, respec-
tively) (Table 3, Fig. 2).

The highest number of positive ticks for Borrelia spp. 
was found in Kieshof (13.2% of adult ticks and MIR 
of 3.6% in nymphal pools), followed by Weitenhagen 
(13.1% of adult ticks and MIR of 2.6% in nymphal pools) 

(Table  4). The most prevalent species was B. afzelii 
for both sites: 5.5% of adult ticks and MIR of 2.0% for 
nymphs from Kieshof and 4.9% adults and MIR of 0.8% 
for nymphs from Weitenhagen. Borrelia miyamotoi was 
the second most prevalent species in both study sites 
(Kieshof: 4.0% of adult ticks and MIR of 0.7% in nymphs; 
Weitenhagen: 2.5% adult ticks and MIR of 1.2% in nym-
phal pools) (Table 4).

Phylogenetic analysis of Borrelia species 
from Mecklenburg‑Western Pomerania
Diversity of Borrelia species in north-eastern Germany 
based on the 16S-23S IGS included four different spe-
cies. Borrelia afzelii sequences obtained in this study 
showed high similarity with isolate strains from Norway 
(GenBank: KY782011), Germany (GenBank: CP002933), 
Sweden (GenBank: FJ750344) and Ukraine (GenBank: 

Table 3  Borrelia species detected in adult and nymphal I. ricinus stage

a  Pooled samples
b  MIR of pooled samples

Abbreviation: N, number of analyzed samples; n, number of samples/pools; –, no positive samples

Stage N n No. of PCR positive, % (95% CI)

Borrelia spp. B. afzelii B. garinii B. valaisiana B. miyamotoi

Female 239 239 29/12.1
(8.0–16.3)

14/5.9
(2.9–8.9)

–
–

8/3.4
(1.1–5.7)

7/2.9
(0.8–5.1)

Male 232 232 28/12.1
(7.8–16.3)

12/5.2
(2.3–8.0)

5/2.2
(0.3–4.0)

4/1.7
(0–3.4)

7/3.0
(0.8–5.2)

Nymph 1936 213a 64/3.3b

(2.5–4.1)
34/1.8b

(1.2–2.3)
1/0.1b

(0.0–0.2)
13/0.7b

(0.3–1.0)
16/0.8b

(0.4–1.2)

Fig. 2  Borrelia species prevalence in I. ricinus adults and MIR in nymphs. Abbreviations: F, females; M, males; N, nymphs
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MK790196). Sequences also clustered with strains isolated 
from Northern and north-eastern Europe (Fig.  3). Four 
out of six B. garinii isolates from this study were identical 
with strains isolated from I. ricinus larvae collected from 
the great tit Parus major in Sweden (GenBank: DQ307377 
and DQ307377), while the other two were highly similar 
also to a strain from the same study in Sweden (GenBank: 
DQ307376). Borrelia valaisiana sequences obtained in 
this study, with sizes between 232–312 bp, matched only 
with the Russian strain Tom4006 (GenBank: CP009117) 
(Fig. 3). The majority of B. miyamotoi isolates from I. rici-
nus ticks collected from Mecklenburg-Western Pomera-
nia were identical to isolate Z58 from Austria (GenBank: 
KP202177) and clustered with strains from North-
ern Europe and also from eastern European countries 
(Ukraine and Turkey) (Fig. 3).

Multilocus sequence typing of B. miyamotoi
Seven samples identified as B. miyamotoi by 16S-23S 
IGS nested PCR were selected and analyzed by MLST, 
targeting eight highly conserved housekeeping genes 
(nifS, clpA, rplB, pyrG, recG, clpX, pepX and uvrA). Iso-
lates were submitted to the Borrelia spp. MLST database 
(http://pubml​st.org/borre​lia) (sample ID: 2654–2660) 
(complete batch of sequences is available in Additional 
file 1). All sequenced samples were B. miyamotoi and five 
of them (sample ID: 2654, 2655, 2656, 2657 and 2659) 
belonged to the sequence type (ST) 635. The other two 

samples (ID: 2658 and 2660) could not be framed in a ST 
due to poor quality sequences for nifS, but all alleles were 
distributed to the same ST 635 which corresponds to the 
EU_T01 isolate identified in 2014, in I. ricinus from Ber-
lin, Germany.

Detection of tick‑borne encephalitis virus
The RT-qPCR performed on I. ricinus RNA did not iden-
tified positive samples for TBEV.

Discussion
The objective of this study was to bring new insights 
regarding the circulation of Borrelia species and tick-
borne encephalitis virus (TBEV) in I. ricinus ticks 
collected from vegetation in natural habitats from north-
eastern Germany. Ixodes ricinus is an exophilic tick spe-
cies with a wide distribution range in Europe known to 
feed on a great variety of hosts, records indicating more 
than 300 different vertebrate host species [37]. Due to 
these feeding preferences, I. ricinus can circulate various 
pathogens between host species, causing major health 
disorders of medical and veterinary importance. The 
most representative pathogens for which I. ricinus is the 
main vector in Europe are B. burgdorferi (s.l.), B. miyamo-
toi, TBEV, agents of the order Rickettsiales (Rickettsia 
spp. and Anaplasma phagocytophilum) and Babesia pro-
tozoans [37]. During our sampling, we managed to col-
lect a relatively high number of I. ricinus ticks, nymphs 

Table 4  Positive Borrelia spp. adult ticks and pool of nymphs from the study sites

Abbreviations: F, females; M, males; –, no positive samples

Site Location No. of positive ticks per developmental stage

Borrelia spp. B. afzelii B. garinii B. valaisiana B. miyamotoi

F M N F M N F M N F M N F M N

1 Kieshofer 14 22 41 6 9 23 – 3 1 3 4 9 5 6 8

2 Ryck – – 1 – – – – – – – – – – – 1

3 Weitenhagen 13 3 13 6 – 4 – 2 – 5 – 3 2 1 6

4 Loitz  – 1 – – 1 – – – – – – – – – –

5 Carlsruhe – – – – – – – – – – – – – – –

6 Tempel – 1 – – 1 – – – – – – – – – –

7 Mannhagen – – 3 – – 3 – – – – – – – – –

8 Riems 1 – – 1 – – – – – – – – – – –

9 Ummanz – – 1 – – – – – – – – – – – 1

10 Ladebow – 1 2 – 1 1 – – – – – 1 – – –

11 Horst 1 – 1 1 – 1 – – – – – – – – –

12 Thiesow – – 2 – – 2 – – – – – – – – –

13 Wackerow – – – – – – – – – – – – – – –

14 Annenhof – – – – – – – – – – – – – – –

Total 29 28 64 14 12 34 – 5 1 8 4 13 7 7 16

http://pubmlst.org/borrelia
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Fig. 3  Phylogenetic analysis by Maximum Likelihood method. The evolutionary history of Borrelia spp. isolates, based on the 16S-23S IGS, was 
inferred by using the Maximum Likelihood method based on the Tamura 3-parameter model [33]. Initial tree(s) for the heuristic search were 
obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum Composite 
Likelihood (MCL) approach, and then selecting the topology with superior log likelihood value. The tree is drawn to scale, with branch lengths 
measured in the number of substitutions per site. The analysis involved 39 nucleotide sequences. All positions containing gaps and missing data 
were eliminated. There were a total of 72 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [34]
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being the most encountered stage in most of the study 
sites (Table  1). This finding is relevant for public health 
since nymphs represent the highest threat for humans 
compared to other tick stages due to their small size that 
enables them to go unnoticed during feeding corrobo-
rated with their marked anthropophily, abundance, and 
the ability to transmit a broad-range of pathogens [38, 
39].

Detection of B. burgdorferi (s.l.) in I. ricinus ticks from 
Mecklenburg-Western-Pomerania confirms the role 
of this tick species as the main vector for Lyme disease 
genospecies. The overall prevalence of B. burgdorferi 
(s.l.) is lower compared to the infection rates registered 
in other studies from Germany [15, 16, 40–42]. How-
ever, a previous study reported similar infection rates in 
I. ricinus ticks (16.8% of females, 12.9% of males and 5.7% 
of nymphs) collected in 2003 from woodlands in Meck-
lenburg-Western Pomerania [43], potentially indicating 
a constant circulation of B. burgdorferi (s.l.) in the tick 
population from this region. Also, the minimum infec-
tion rate of nymphs reported in our study might actually 
be substituted by a higher infection rate, each pool poten-
tially containing more than one positive nymph for Bor-
relia spp. As for the comparison between developmental 
stages, adult ticks had higher prevalence rates. This, 
in fact, can be explained by the life-cycle of hard ticks, 
with the adult stage having a greater chance to acquire 
the pathogens after feeding twice on two separate hosts, 
while for reaching nymphal stage only one feeding is nec-
essary during the larval stage.

Sequencing revealed three genospecies of the B. burg-
dorferi (s.l.) complex, B. afzelii having the highest prev-
alence, followed by B. valaisiana and B. garinii. These 
results are in concordance with current knowledge indi-
cating B. afzelii as the most common genospecies in 
Europe. In the event of clinical manifestations following 
B. afzelii infection, symptoms are represented by acro-
dermatitis chronica atrophicans and chronic skin dis-
ease [44]. Rodents are the reservoir hosts for B. afzelii in 
Europe (e.g. mice and voles) [45], representing important 
feeding hosts for immature stages of I. ricinus. Detection 
of B. burgdorferi (s.l.) in rodent populations from Ger-
many with infection rates up to 49.1% confirmed the role 
of these small mammals as reservoir hosts [40, 42]. The 
collection sites for ticks in the current study are extensive 
forest areas that could contain high abundance of voles 
or other rodents acting as infected reservoir hosts for the 
local tick population.

Borrelia valaisiana was the second most prevalent 
genospecies in questing ticks from the studied area. Pri-
mary reservoir hosts for B. valaisiana and Borrelia gari-
nii are ground-feeding birds (e.g. the common blackbird, 
Turdus merula, and the song thrush, Turdus philomelos) 

which feed in the habitats of ticks and become infested 
with these arthropods at higher rates [46]. In each year, 
over five million migratory birds and 27 species of water 
birds use habitats from Ruegen Island and the coast of 
Mecklenburg-West Pomerania as stopover sites in their 
migration between northern European countries and 
Central Europe and Africa [47]. This could mean that 
birds can also contribute to the long-distance distribu-
tion of tick-borne pathogens due to their role as reservoir 
hosts for infectious agents and also as hosts for immature 
stages of ticks.

Relapsing fever agent Borrelia miyamotoi was detected 
in 1.2% of the analysed ticks, this data being the first 
reported for Mecklenburg-Western Pomerania. In addi-
tion, the first available data regarding infection rates of 
B. miyamotoi in ticks from Northern Germany became 
available in 2018, when 2.1% of I. ricinus ticks collected 
from the city of Hanover were positive [16]. The preva-
lence of the current study is therefore in concordance 
with B. miyamotoi infectious rates found in I. ricinus 
ticks from Europe, ranging from 0.4% in Estonia to 3.5% 
in France and Germany [21, 48, 49]. The fact that this 
pathogen is present in Mecklenburg-Western Pomerania 
can have significance for clinicians since B. miyamotoi 
can cause febrile illness characterised by fever, nausea, 
fatigue, headache, chills, myalgia, arthralgia and menin-
goencephalitis [21].

The phylogenetic tree based on 16S-23S IGS shows 
that strains of Borrelia spp. found in the present study are 
closely related with isolates from Northern and north-
eastern Europe (Fig. 3). This might indicate a circulation 
of these strains within this north-eastern region, most 
likely birds being involved in the dissemination in differ-
ent regions of Northern Europe of the infected ticks and 
perhaps the Borrelia genospecies for which birds serve as 
reservoir hosts.

Multilocus sequence typing of eight housekeep-
ing genes (nifS, clpA, rplB, pyrG, recG, clpX, pepX 
and uvrA) of B. miyamotoi isolates matched to ST 
635 corresponding to the EU_T01 isolate identi-
fied in I. ricinus ticks from Berlin (https​://pubml​
st.org/bigsd​b?page=info&db=pubml​st_borre​lia_isola​
tes&id=1279) which can indicate a low polymorphism 
between B. miyamotoi strains from the northern part 
of Germany. Performing MLST at a larger scale, by 
including an extensive number of isolates, will be useful 
to follow the subtle modifications between the strains 
and to study the phylogenetic relationships between B. 
miyamotoi strains isolated from Germany and Europe, 
this method having a high power of discrimination 
between strains [50].

Detection of TBEV in the tick samples analyzed in 
the present study was unsuccessful. In Germany, high 

https://pubmlst.org/bigsdb%3fpage%3dinfo%26db%3dpubmlst_borrelia_isolates%26id%3d1279
https://pubmlst.org/bigsdb%3fpage%3dinfo%26db%3dpubmlst_borrelia_isolates%26id%3d1279
https://pubmlst.org/bigsdb%3fpage%3dinfo%26db%3dpubmlst_borrelia_isolates%26id%3d1279
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endemic regions for TBEV are located in the southern 
part of the country (e.g. Bavaria and Baden-Wuerttem-
berg) but sporadic cases were also reported from the 
upper north regions of the country, recently including 
Mecklenburg-Western Pomerania [26]. Signs of TBEV 
circulation in this area were also shown in 2007 by detec-
tion of TBEV RNA in I. ricinus ticks [28] and identifica-
tion of anti-TBEV antibodies in small ruminants [30], and 
wildlife [29]. Even though we did not detect TBEV RNA 
in the collected ticks, several factors could contribute to a 
future expansion of the virus foci in Mecklenburg-West-
ern Pomerania. Climate change is one of the factors that 
was shown to influence the tick population in Northern 
Europe, increasing the duration of the vegetation period 
throughout the year and the humidity levels as well [51]. 
Also, changes in land use and movement of animal hosts 
could influence the abundance of tick populations in the 
region. Mecklenburg-Western Pomerania represents a 
popular destination for tourists that have many outdoor 
activities, raising the risk of exposure to tick bites in the 
area. Performing larger scale studies might contribute 
to an accurate estimation of TBEV infection rates in tick 
populations from Mecklenburg-Western Pomerania.

Conclusions
The present study is adding new information regard-
ing the distribution of B. miyamotoi in tick populations 
from Northern Germany which should be considered by 
medical clinicians when treating patients after a tick bite. 
The infection rate of B. miyamotoi in ticks was similar to 
other reports in tick populations from Europe suggest-
ing that this relapsing fever agent might be well estab-
lished in the local tick population and small mammal 
reservoir hosts. In addition, the detection of B. afzelii, B. 
garinii and B. valaisiana corroborating previous studies, 
suggests a constant circulation of B. burgdorferi (s.l.) in 
the tick population from this region. While in this study 
detection of tick-borne encephalitis virus was not possi-
ble, other reports showed signs of virus circulation in the 
area and extensive future studies should determine the 
natural foci of TBEV in Mecklenburg-Western Pomera-
nia in order to reassess the risks for public health.
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