DOI: 10.1515/ap-2015-0093 DE
© W. Stefanski Institute of Parasitology, PAS (_}
Acta Parasitologica, 2015, 60(4), 654-661; ISSN 1230-2821

Coexistence of Borrelia burgdorferi s.l. genospecies within
Ixodes ricinus ticks from central and eastern Poland

DE GRUYTER

Hubert Sytykiewicz'*, Grzegorz Karbowiak?, Joanna Chorostowska-Wynimko?, Adam Szpechcinski?,
Marta Supergan-Marwicz*, Marcin Horbowicz', Magdalena Szwed",
Pawet Czerniewicz' and Iwona Sprawka'

"University of Natural Sciences and Humanities, Prusa 12, 08-110 Siedlce, Poland; *W. Stefanski Institute of Parasitology,
Polish Academy of Sciences, Twarda 51/55, 00-818 Warsaw, Poland; National Institute of Tuberculosis and Lung Diseases,
Ptocka 26, 01-138 Warsaw, Poland; *Medical University of Warsaw, Chatubinskiego 5, 02-004 Warsaw, Poland

Abstract

The purpose of the study was to assess the prevalence and coinfection rates of Borrelia burgdorferi sensu lato genotypes in
Ixodes ricinus (L.) ticks sampled from diverse localities in central and eastern regions of Poland. In years 2009-2011, questing
nymphs and adults of 7. ricinus were collected using a flagging method at 18 localities representing distinct ecosystem types:
urban green areas, suburban forests and rural woodlands. Molecular detection of B. burgdorferi s.l. genospecies was based on
amplification of a fla gene using nested PCR technique, subsequent PCR-RFLP analysis and bidirectional sequencing. It was
revealed that 45 samples (2.1%) harboured two different B. burgdorferi s.1. genospecies, whereas triple infections with various
spirochetes was found in 11 (0.5%) individuals. Generally, the highest average coinfection rates were evidenced in arachnids
gathered at rural woodlands, intermediate at suburban forests, while the lowest were recorded at urban green areas. Overall, sin-
gle spirochete infections were noted in 16.3% (n = 352/2,153) ticks. Importantly, it is the first report evidencing the occurrence
of Borrelia miyamotoi (0.3%, n=7/2153) in L. ricinus populations within central Poland. Circumstantial variability of
B. burgdorferi s.l. genospecies in the common tick individuals sampled at various habitat types in central and eastern Poland
was displayed. The coexistence of two or three different spirochete genospecies in single adult ticks, as well as the presence of
B. miyamotoi were demonstrated. Therefore, further studies uncovering the co-circulation of the tested bacteria and other human
pathogens in I. ricinus ticks are required.
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Introduction

of environmental factors, such as air temperature, relative
humidity, precipitation, host cenosis, degree of anthro-

The common tick (Ixodes ricinus L.) serves as a primary
European vector of Borrelia burgdorferi sensu lato (s.l.),
a complex group of the causative agents of Lyme disease
(borreliosis). It is the most frequent tick-borne infection in
humans affecting a wide range of organs, e.g. skin, joints,
heart or nervous system (Fingerle et al. 2008). In recent
years, there has been reported a steady increment in popula-
tion densities of these hematophagous ectoparasites in par-
allel with the elevated prevalence and coinfection rates of
many /. ricinus-borne pathogens (Schwarz et al. 2012; Pan-
gracova et al. 2013). Tick abundance depends on multitude

pogenic interference, heterogeneity and buffer capacity of
habitat (Derdakova and Lencakova 2005; Schwarz et al.
2012; Pangracova et al. 2013; Schulz et al. 2014). Larval,
nymphal and adult tick individuals may acquire spirochetes
by feeding on the infected hosts. Although a transstadial
transmission of B. burgdorferi s.1. is predominant in ticks, a
transovarial route of transmission has also been postulated
by some authors (Derdakova and Lencakova 2005).

Until now, the application of advanced molecular tools al-
lowed the detection of a variety of B. burgdorferi s.l.
genospecies 1. ricinus ticks collected at diverse habitats in
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many European countries: B. afzelii, B. bavariensis, B. bis-
setti, B. burgdorferi sensu stricto, B. garinii, B. lusitaniae,
B. spielmanii and B. valaisiana (Skotarczak et al. 2002;
Wodecka et al. 2014). Additionally, combined infections with
Borrelia genospecies in ixodid ticks as well as biological sam-
ples obtained from Lyme disease patients have been increas-
ingly identified during the last decade. It has been reported
that genetic variability of spirochete genotypes implies spe-
cific symptomatology of the borreliosis (Schwarz et al. 2012).
Furthermore, it was demonstrated that B. afzelii was predom-
inantly associated with erythrema migrans, while B. garinii
was mainly isolated from cerebrospinal fluid (CSF) that indi-
cates its involvement with Lyme neuroborreliosis (LNB)
(Rosef et al. 2014).

Despite conducting numerous surveys determining the
prevalence levels of B. burgdorferi s.l. single infections in
hard ticks, there is scarce available information regarding
the coexistence patterns of many spirochetes in these arach-
nids. The main purpose of the performed molecular investi-
gation was to recognize genospecies variability of the
causative agents of Lyme disease in the host-seeking
nymphal and adult /. ricinus ticks collected from a variety
of sampling areas throughout central and eastern parts of
Poland. Furthermore, the present study was also aimed at
comparing the coinfection and prevalence rates of the iden-
tified Borrelia burgdorferi s.l. genospecies in tick samples
gathered from diverse spectrum of habitat types with dis-
similar anthropogenic impact (urban green zones, suburban
forests and rural woodlands). It may be assumed that hard
tick populations inhabiting the examined ecosystems are
differentially infected with the pathogenic spirochete
genospecies. Hence, the conducted survey was divided into
four consecutive phases: i) assessment of ixodid ticks abun-
dance within the assorted habitat types, ii) identification of
B. burgdorferi s.1. genospecies in the tested tick specimens,
iii) evaluation of the spirochete distribution in developmen-
tal stages of 1. ricinus, iv) risk assessment of Lyme disease
acquisition from the coinfected and infected ticks dwelling
the studied localities.

Materials and Methods

Study sites and collection of questing ticks

Individuals of 1. ricinus (nymphs, females and males) were
gathered two times a month from April to June in 2009-2011.
Ticks were sampled every time in the morning hours at the
same locations by the same number of persons. Host-seeking
hard ticks were collected using a white woollen flag (1.0 x 1.0
m) over the vegetation at 18 localities in central and eastern re-
gions of Poland. Sampling sites encompassed urban green
areas (allotment gardens, municipal parks, and squares) situ-
ated in L6dz, Tomaszow Mazowiecki, Pultusk, Warszawa,
Wegrow and Biata Podlaska, suburban forests off these towns

and rural woodlands in the respective district zones. Tick spec-
imens were preserved in 70% ethanol solution in sterile
Falcon tubes, and species verification of the samples was
achieved on the basis of morphological characteristics of the
individual ticks.

DNA isolation from tick lysates

Extraction of genomic DNA (gDNA) from tick lysates and its
subsequent purification were carried out using Genomic Mini
kit (A&A Biotechnology, Gdynia, Poland), following the pro-
tocol’s guidelines. Adult ticks were processed individually,
whereas nymphs were homogenized in pools of 5 individuals
each. Qualitative-quantitative evaluation of DNA eluates was
accomplished with the use of a NanoVue spectrophotometer
(GE Healthcare). Only intact DNA samples of high purity
were subjected to molecular screening for the tested tick-borne
pathogens. DNA isolates were stored at —20°C until the further
molecular analyses.

Nested PCR assay

Molecular detection of B. burgdorferi. s.1. was based on the two-
step PCR amplification of a fla gene fragment, according to the
method described by Wodecka et al. (2010). The following pairs
of primers were applied during the relevant PCR reactions: the
first round — 132f (5’-TGGTATGGGAGTTTCTGG-3’) and
9051 (5’-TCTGTCATTGTAGCATCTTT-3’), the second round
- 220f (5-CAGACAACAGAGGGAAAT-3") and 823r (5’-
TCAAGTCTATTTTGGAAAGCACC-3’). The length of the
specific amplicons after the completion of PCR reactions were
774 and 604 bp, accordingly. Additionally, each set of PCR
reactions included both positive and negative (no template)
controls.

PCR-RFLP analysis

Molecular identification of B. burgdorferi s.l. genospecies was
based on the restriction fragment length polymorphism
(RFLP) of nested PCR products in accordance with a method
designed by Wodecka et al. (2010). Amplicons of a fla gene
obtained with the inner primers (220f and 823r) were sub-
jected to the enzymatic cleavage with HpyF3I endonuclease
(Fermentas, Lithuania) that recognizes the specific DNA se-
quence: 5°...C]T N A G...3". The characteristic patterns of re-
striction enzyme digestion were used for identification of
several spirochete DNA in mixed and single infections in the
investigated tick specimens.

Electrophoretic separation of DNA fragments

Horizontal gel electrophoresis (2 and 3% of agarose, TBE
buffer) was accomplished to separate nested PCR and PCR-
RFLP products. The amplicons of fla gene and the restriction
fragments were visualized with ethidium bromide (Sigma-
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Aldrich, Germany) staining. DNA Molecular Weight Markers
26-501 bp and 100-1000 bp (BLIRT, Poland) were used to
determine the relative molecular size of the analysed nucleic
acids.

Sequencing of PCR products

Borrelia-positive nested PCR products were purified and
sequenced in both directions as described previously
(Sytykiewicz et al. 2012). The Basic Local Alignment Search
Tool (BLASTn) was used to assess similarity between the
obtained sequences and previously deposited records in the
GenBank® database (NCBI, Bethesda, USA).

Statistical analysis

The differences between values of the tested parameters were
compared using chi-square test with Yate’s correction. All
calculations were accomplished using STATISTICA 10.0 soft-
ware (StatSoft, Poland). P-values less than 0.01 were consid-
ered statistically significant.

Results

In total, 2,153 questing ticks (1,160 nymphs, 534 females, 459
males) were sampled at 18 distinct localities representing vari-
ous ecosystem types (urban green areas, suburban forests and
rural woodlands) in central and eastern parts of Poland (Table
I). It should be underlined that the presence of /. ricinus indi-
viduals was confirmed in all tested habitats, however, the abun-
dance of tick populations varied greatly between the sampling
areas. The highest number of ticks occurred within rural wood-
lands in Warszawa district (n = 366) and suburban forests sur-
rounding Warszawa (n=276). Moderate size of I ricinus
populations was noted at rural woodlands localized in £.6dz dis-
trict (n = 224), suburban forests of £6dz (n=197) and green
zones in Warszawa (n = 150), whereas the lowest density of
populations revealed at urban green areas of Biata Podlaska
(n=29), Tomaszéw Mazowiecki (n=44) and Wegrow
(n=46). Generally, rural woodlands characterized with the
greatest levels of the common ticks abundance (n = 565), inter-
mediate number of individuals was found at suburban forests
(n=355), whereas the least density occurred at urban green
zones (n = 240).

Table I. Prevalence of single and mixed spirochete infections in the common tick individuals sampled at various natural and urban habi-

tats (central and eastern regions of Poland, 2009-2011)

No. of collected

No. of infected (%) ticks

Sampling site Ecosystem type ticks S 5 T

Lodz G 117 16 (13.7) 1(0.9) 0(0.0)
Tomaszéw Mazowiecki G 44 5(11.4) 1(2.3) 0(0.0)
Puttusk G 63 8 (12.7) 0(0.0) 0(0.0)
Warszawa G 150 24 (16.0) 4(2.7) 1(0.7)
Wegrow G 46 4 (8.7 0(0.0) 0(0.0)
Biata Podlaska G 29 3(10.3) 0(0.0) 0(0.0)
Total G 449 60 (13.4) 6(1.4) 1(0.2)
Lodz F 197 28 (14.2) 4 (2.0) 1(0.5)
Tomaszow Mazowiecki F 55 7(12.7) 1(1.8) 0(0.0)
Puttusk F 79 8 (10.1) 0(0.0) 0(0.0)
Warszawa F 276 55(19.9) 7(2.5) 2(0.7)
Wegrow F 70 10 (14.3) 1(1.4) 0(0.0)
Biata Podlaska F 49 6(12.2) 2(4.1) 0(0.0)
Total F 726 114 (15.7) 15 (2.0) 3(0.4)
Lodz d W 224 40 (17.9) 7(3.1) 1(0.5)
Tomaszoéw Mazowiecki d W 83 13 (15.7) 2(24) 1(1.2)
Pultusk d W 120 15 (12.5) 1(0.8) 0(0.0)
Warszawa d w 366 83 (22.7) 13 (3.6) 5(1.4)
Wegrow d W 109 19 (17.4) 0(0.0) 0(0.0)
Biata Podlaska d W 76 8(10.5) 1(1.3) 0(0.0)
Total W 978 178 (18.2) 24 (2.5) 7(0.7)
) G+F+W 2,153 352 (16.3) 45 (2.1) 11 (0.5)

d — district; G — urban green areas (municipal parks, squares and allotment gardens); F — suburban forest areas; W — rural woodlands; S —oc-
currence of a single genospecies of B. burgdorferi s.1. in the hard tick specimens; D — co-circulation of two different spirochete genospecies;

T — coexistence of three various spirochete genospecies



657

Coexistence of Borrelia burgdorferi s.1. genospecies in Ixodes ricinus populations

DUDISIDIDA g PUB NULIDS “g ©'S’S LidfaopSing g [m uondyur o[dun — I, soroadsouas 03oyo0aids JuaIoljIp 0m) JO UOIR[NOII-09 — (I ‘0JB[ NSUSS Li2f10p3ing *g JO sa1dadsouad
9[3UIS © JO 90UALINII0 — § DUDISIDIPA DIjaLi0g — AF 11ULIDS DIja.L10g — DF 0ILNS NSUIS LIdf10p3inq vijaLiog — g 1]azfv pjasiog — g uonodgur gayoodids jo sousreaard — (o)

(s0) 11 (10 s+ (Tos 90 v1 (1ot (€91) Ts¢ (s €¢ (L'¥) zo1 (L og (#'8) 181 €SI°T [e10],
(Lot (SR 7 (€0 ¢ (8°0) 8 (€per (T'81)8LI (rpir ) sv 11 6 ¢v 8L6 SpUB[POOM eIy
¥'0) ¢ (1o st (o1 ()R% Dot (s yir 6D t1 (s9)or (80 ¢s1 (6'01) 8¢ 9L §)s910§ uBQINgNg
(o)1 (€D9 (To)1 (s0¢ (Lo)¢ (#€1) 09 818 (89 LT (60) 01 (6'9) 08 (544 SEaIE UddI3 ueqi)
L a AG+Od Ad+ad og+d4d S Ad od dad vd SR
pajdures d£) wdysAs0dy
$HO1 (%) PIjddJuUI JO “ON JO "ON

(110Z2-600T ‘Pue|Od JO SUOIZAI UIISED PUR [BIUID) Sie}Iqey PAjedsaaul ay) uryiim pajdwes sy paey ul sa10adsoudd ['s Lafiop3.ing g Jo uonnqrusiq ‘111 21qeL

DUDISIDIDA g PUR NULIDS *g ©'S'S LI2f10p3ing "G YIm
uonooyur odin — I, ¢soroadsouss 9)oyo011ds JUSIOJJIP 0M) JO UOT)B[NOI-00 — (] ‘0B[ NSULS LL2f1op3ing *g JO so100dsouss O[TUIS & JO 9OUSLINIO0 — § DUDISIDIDA DIja.LIOg — A| ‘1IULIDS
p1ja.L10g — DE ‘0JOLIS NSUDS L2[10p3ing vijaLi0g — g ‘11]2zZfb pija.Li0g — g ‘uonddjul ayootids Jo aousfeadrd — (o) ‘yoes syenpIArpul 3on dAL Jo sjood ur pasAjeue arom sydwAu —,

(s'0) 11 (120 sy (To s 90 v1 (T oz (¢91) TS€E (sD €¢ (L'y) zo1 (LD 9g #'8) 181 €SI [e1oL,
Foc (Iv) 61 90) ¢ aTos o (€02) €6 (CEIK4! 69 LT o 6 v 6SY SI[EN
Lne (6'%) 9t roc Lne (82061 (1'sD) ¥€1 0991 #'8) st (8201 (6'01) 8 143 Sa[ewd
000 000 000 000 000 (8'01) szI1 oS 92 o¢ (60) 01 (6'9) 08 091°1 #SYUdwAN
L a Ad+Dd Ad+dd oq+d9 S Ad od dad vd S
pojdues 3ge)s oI,
SHI (%) ParddyuI Jo “ON 10 "ON

(1102-6007) Pue[0d JO SUOISAI UI)SED PUL [ENJUID UL PAIAYIES SON) snu1dLs T Jo sageys [epudwdo[aaop ur seroadsouss |'s Liafiop3.ing g Jo uonnqunsi( 11 AqeL



658

Hubert Sytykiewicz et al.

It was uncovered that 2.1% ticks (n = 45) harboured two dif-
ferent B. burgdorferi s.1. genospecies, whereas triple infections
were found in 0.5% (n = 11) individuals (Table II). Importantly,
polymicrobial infections were present only within adult indi-
viduals of 1. ricinus. Prevalence of dual (4.9%; n = 26/534) and
triple (1.7%; n = 9/534) infections in females were statistically
different (p<0.001) from levels of the estimated parameters
in males (4.1%, n = 19/459 — double infection; 0.4%, n = 2/459
— triple infection). Simultaneous occurrence of the following
pairs of spirochete genospecies was identified: B. burgdorferi
s.s./B. garinii (BB+BQG), B. burgdorferi s.s./B. valaisiana
(BB+BYV), and B. garinii/B. valaisiana (BG+BV). Among ticks
infected with two spirochete genospecies, coexistence of
BB+BG was the most frequent (57.8%; n = 26/45), following
BB+BV coinfection pattern (31.1%; n = 16/45), while BG+BV
mixed infection was rarely identified (11.1%; n = 14/45) (Table
IIT). Females characterized with greater prevalence of BB+BG
(non-significant) and BB+BV (p<0.01) coinfections when com-
pared to male individuals. The opposite tendency was ascer-
tained in case of males that possessed a slightly higher rate of
BG+BYV coinfection than females, however the differences were
not statistically significant. Dual infection with B. burgdorferi
s.l. was not confirmed in tick specimens collected in 5 of 18 ex-
amined localities (green areas of Wegrow, Biata Podlaska and
Puttusk towns, forests surrounding Puttusk and rural woodlands
of Puttusk district), whereas the arachnids gathered from other
sampling sites were coinfected with the analysed microorgan-
isms. The performed analyses evidenced that /. ricinus popula-
tions at rural woodlands possessed the highest average
prevalence of spirochetes (2.5%; n = 24/978), intermediate
levels were noted at suburban forests (2.1%; n=15/726),
while the lowest values were recorded at urban green areas
(1.3%; n=6/449). The comparative data revealed that the
highest frequency of dual infections occurred in ticks collected
at suburban forests of Biata Podlaska (4.1%; n=2/49)
and rural woodlands of Warszawa Voivodeship (3.6%,
n = 13/366). Moderate prevalence of the coinfections with
various spirochete genospecies was noted in ticks inhabiting
woodlands of L6dz district (3.1%; n = 7/224), urban green
areas in Warszawa (2.7%; n = 4/150) and suburban forests of
the city (2.5%; n=7/276). The lowest number of ticks in-
fected with two different B. burgdorferi s.l. genospecies was
ascertained at green zones in £6dz (0.9%; n = 1/117) and rural
woodlands of Puttusk district (0.8%; n = 1/120). Triple infec-
tions were detected in 11 tick individuals (9 females and
2 males) gathered at 6/18 sampling sites. It was identified a
homogenic pattern of this infection type in hard ticks involved
with the concurrent presence of B. burgdorferi sensu stricto,
B. garinii and B. valaisiana. The highest frequency of triple in-
fections was noted in rural woodlands of Warszawa Voivode-
ship (1.4%; n=5/366), whereas other localities (suburban
forests of Warszawa and £.6dzZ, green zones in Warszawa, rural
woodlands in Tomaszéw Mazowiecki and Lodz districts)
characterized with minor prevalence levels (0.5-0.7%, 1-2
positive tick samples per site).

Molecular investigations revealed that 352 of 2153 ticks
(16.3%) were infected with single spirochete genospecies (Ta-
bles II and III). It is of high importance that presence of
B. burgdorferi s.1. was confirmed in /. ricinus populations in-
habiting all the investigated locations. Among the positive
samples, four B. burgdorferi s.l. genospecies were identified:
B. afzelii (51.4%; n = 181/352), B. garinii (29.0%, 102/352),
B. burgdorferi sensu stricto (10.2%, 36/352) and B. valaisiana
(9.4%, n = 33/352) (Tables II and III). The highest mean in-
fection rate was noted in females (21.9%, 134/534), slightly
lower in males (20.3%, 93/459), and the lowest in nymphal
individuals (10.8%, 125/1160). Significance of differences in
prevalence between tested developmental stages of /. ricinus
ticks was statistically confirmed (p<0.01). It was established
that the highest average frequency of single spirochete infec-
tions appeared at rural woodlands (18.2%, 178/978), whereas
the lowest one at urban green areas (13.4%, 60/449) (Table
IIT). Furthermore, it was demonstrated that tick specimens col-
lected at rural woodlands in Warszawa district and forests sur-
rounding Warszawa characterized with the highest prevalence
(22.7 and 19.9%, respectively). The lowest infection rates
were obtained for ticks collected at green zones in Wegrow
and Biala Podlaska, suburban forests of Puttusk and wood-
lands of Biata Podlaska district (8.7-10.5%, depending on
habitat types) (Table II). Additionally, the applied molecular
methods revealed the occurrence of Borrelia miyamotoi DNA
in 5 nymphs (0.4%) and 2 females (0.3%) collected at subur-
ban forests surrounding Warszawa agglomeration. The over-
all prevalence of this spirochete species was ascertained at
0.3% level (n=7/2153).

Eight randomly selected Borrelia-positive DNA amplicons
were subjected to bidirectional sequencing. BLASTn search
revealed 99.2-100% similarity of the analysed nucleotide se-
quences in comparison with formerly published GenBank®
entries of B. burgdorferi s.1. genospecies and 100% homology
with B. miyamotoi strain ZL27-07.

Discussion

In the last decades, the profound extension of the geographical
distribution and noticeable rise in densities of 1. ricinus popu-
lations at various European locations have been increasingly
reported (Ferquel et al. 2006; Capelli ef al. 2012; Lommano
et al. 2013). The common tick has become an extremely im-
portant vector involved in transmission of a wide spectrum of
human pathogens, such as Anaplasma phagocytophilum,
Babesia microti, Babesia venatorum (Babesia sp. EU1), Bar-
tonella henselae, B. burgdorferi s.l. complex, Coxiella burnetii,
Francisella tularensis, Rickettsiae spp. or tick-borne en-
cephalitis virus (TBE). Development of the sophisticated mo-
lecular techniques enabled identification and genetic
characterization of newly discovered tick-transmitted mi-
croorganisms in human-derived samples and arachnids indi-
viduals gathered at various habitat types (e.g. Candidatus
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Neoehrlichia mikurensis responsible for a systemic inflamma-
tory syndrome in immunocompromised patients, B. miyamotoi
causing a tick-borne relapsing fever) (Pejchalova et al. 2007,
Cisak et al. 2008; Jenkins et al. 2012; Geller et al. 2013; Cos-
son et al. 2014; Dziggiel et al. 2014). The coexistence of two
or more different contagious agents may significantly affect
the clinical manifestations leading to misdiagnosis, improper
selection of antibiotic therapy that implies possible treatment
failure. Although several authors emphasized an urgent need
to evaluate the frequency of co-circulation of diverse human
pathogens in tick populations, very limited molecular investi-
gations were focused on identification of the specific coinfec-
tion patterns in tick specimens (Stanczak et al. 2000; Cisak
et al. 2008; Lommano et al. 2012; Sytykiewicz et al. 2012).
Wodecka et al. (2010) developed a reliable and sensitive
molecular method (nested PCR with subsequent RFLP analy-
sis of amplicons) that was applied in this study in order to
identify different B. burgdorferi s.l. genospecies in hard ticks.
It is the first report evaluating the prevalence of multiple and
single spirochete infections in 1. ricinus specimens gathered
at three ecosystem types (urban green zones, suburban forests
and rural woodlands) within central and eastern regions of
Poland. The performed analyses revealed that 2.1% ticks were
coinfected with two spirochetes, while co-circulation of three
genospecies was confirmed in 0.5% tested arachnids. Three
distinct patterns of dual infections in tick samples were iden-
tified: B. burgdorferi s.s./B. garinii (57.8%), B. burgdorferi
s.8./B. valaisiana (31.1%), and B. garinii/B. valaisiana
(11.1%), whereas triple infection was associated with concur-
rent presence of the following spirochetes: B. burgdorferi s.s.,
B. garinii and B. valaisiana. Importantly, there were no con-
firmed spirochete coinfections in nymphal individuals,
whereas polymicrobial infections were found more frequently
in females when compared to males. Intriguingly, B. burgdor-
feris.l. DNA was evidenced in ticks inhabiting all investigat-
ing sampling areas in central and eastern parts of Poland.
Within the urban green areas, 6 ticks harboured two different
spirochete genospecies, and 1 individual was infected with
three genospecies. It should be underlined that the greatest
coinfection rates with different B. burgdorferi s.1. genospecies
in L. ricinus ticks were noted at various localities in Warszawa
Voivodeship. This phenomenon may be associated with larger
urban green zones (city parks, squares, gardens) and wood-
land areas, population density of ticks and their hosts, consid-
erable anthropogenic impact, favorable microclimate
conditions, heterogeneity and buffer capacity of habitats.
Cisak et al. (2006) revealed that 16.8% of the Borrelia-posi-
tive samples were coinfected with two spirochete genospecies,
whereas triple infections occurred in 1.8% of tick specimens
gathered at woody habitats in Lublin region (eastern part of
Poland). Stanczak et al. (2000) confirmed the triple infection
with B. burgdorferi s.s., B. afzelii and B. garinii in 1.6% of
adults ticks sampled in years 1996-1998 at different Polish
woodlands. The same pattern of spirochetes coexistence was
recognized by Cisak et al. (2008) in 0.9% ticks collected

within the Lublin district. Researcher groups from other Eu-
ropean countries reported a broad range of coinfection rates
of different spirochete genospecies. Rosef et al. identified dou-
ble infections (B. afzelii/B. burgdorferi s.s. and B. afzelii/B.
garinii) in 7% of ticks collected in Norway (Rosef et al. 2014).
Moreover, Lommano et al. (2012) revealed that polymicro-
bial infections with two or three spirochete genospecies were
identified in 2.1% ticks gathered in western Switzerland, and
further observation revealed that coexistence of B. garinii and
B. valaisiana was most frequent. According to Derddkova and
Lencéakova (2005), identification of spirochete genospecies
within the vectors is important issue in unravelling the intri-
cate ecological and epidemiological aspects of Lyme disease.
Importantly, the molecular survey conducted by Vennestrom
et al. (2008) documented very high coinfection rates of
nymphal 7. ricinus ticks collected at different Danish localities
(51% of PCR-positive ticks were infected with two spiro-
chetes, triple infections confirmed in 7.1%, and co-circulation
of four spirochete genospecies occurred in 5.3%). These au-
thors postulate that the described phenomenon may be due to
high density of the reservoir hosts, as well as the specific non-
systemic mode of spirochetes transmission from infected to
uninfected recipient ticks by simultaneous co-feeding upon
the same host.

In Europe, B. garinii and B. afzelii occurred predominantly
in single infections in hard ticks, while B. burgdorferi s.s. and
B. valaisiana were seldom recorded (Derdakova and
Lencakova 2005; Ferquel et al. 2006; Pejchalova et al. 2007;
Capelli et al. 2012; Pangracova et al. 2013; Dziggiel et al.
2014). However, Cisak et al. (2006) evidenced the highest per-
centage share of B. burgdorferi s.s. (44.2%) in Borrelia-posi-
tive ticks collected from woodland areas in Lublin region.
Environmental studies revealed that rodents are important
hosts of B. afzelii, birds are mainly associated with B. garinii
and B. valaisiana, whereas rodents and birds are considered as
competent reservoirs of B. burgdorferi s.s. (Wodecka et al.
2014). Prevalence of single infections with B. burgdorferi s.l.
in 1. ricinus ticks varied significantly between the various Eu-
ropean countries, and surprisingly, even between closely situ-
ated localities (Poland — 5.4—13.1%, Estonia — 8.2%, Denmark
— 11%, Norway — 13%, Lithuania — 13.3; Germany 15.8%;
north-eastern Italy — 17.6%, western Switzerland — 22.5%,
Belgium — 23%; Latvia — 28%; Slovakia — 31.9% (Skotarczak
et al. 2002; Cisak et al. 2006; Smetanova et al. 2007; Cisak
et al. 2008; Capelli et al. 2012; Lommano et al. 2012; Schwarz
et al. 2012; Sytykiewicz et al. 2012; Geller et al. 2013; Pan-
gracova et al. 2013).

Borrelia miyamotoi is a newly recognized etiological agent
of tick-borne relapsing fever and characterizes with a distant
genetic similarity to B. burgdorferi s.l. complex. This spiro-
chete species was identified in 1995 from Ixodes persulcatus
ticks gathered in Japan. Recently, humans infections caused
by this microorganism were reported in the United States, the
Netherlands and Russia (Platonov et al. 2011; Geller et al.
2012; Cosson et al. 2014). In this work, occurrence of B.
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miyamotoi was identified in 7 tick individuals (0.3%) sampled
in suburban forests of Warszawa. Similar results were obtained
by Wodecka et al. (2014) who identified this pathogen in
6/880 1. ricinus nymphs (0.7%) collected in northwestern
Poland.

Summarizing, the present study demonstrated a circum-
stantial variability in occurrence of B. burgdorferi s.l.
genospecies in I. ricinus ticks sampled in the examined habi-
tat types in central and eastern Poland. Comprehensive mo-
lecular survey identified the coexistence of two or three
different spirochete genospecies in adult ticks. In the context
of public health, emergence and spread of the newly discov-
ered B. miyamotoi and multiple infections with B. burgdorferi
s.l. genospecies needs to be scrupulously monitored in tick
populations, with special emphasis on urban and suburban
habitats.
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