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Ticks transmit a large number of pathogens capable of causing human
disease. In this study, the PCR-reverse line blot (RLB) method was used to screen for
pathogens in a total of 554 Ixodes ricinus ticks collected from all provinces of Austria. These pathogens belong to the genera Borrelia, Rickettsiae, Anaplasma/Ehrlichia
(including “Candidatus Neoehrlichia”), Babesia, and Coxiella. The pathogens with the
highest detected prevalence were spirochetes of the Borrelia burgdorferi sensu lato
complex, in 142 ticks (25.6%). Borrelia afzelii (80/142) was the most frequently detected species, followed by Borrelia burgdorferi sensu stricto (38/142) and Borrelia valaisiana (36/142). Borrelia garinii/Borrelia bavariensis, Borrelia lusitaniae, and Borrelia
spielmanii were found in 28 ticks, 5 ticks, and 1 tick, respectively. Rickettsia spp. were
detected in 93 ticks (16.8%): R. helvetica (39/93), R. raoultii (38/93), R. monacensis (2/
93), and R. slovaca (1/93). Thirteen Rickettsia samples remain uncharacterized. “Candidatus Neoehrlichia mikurensis,” Babesia spp. (B. venatorum, B. divergens, B. microti),
and Anaplasma phagocytophilum were found in 4.5%, 2.7%, and 0.7%, respectively.
Coxiella burnetii was not detected. Multiple microorganisms were detected in 40
ticks (7.2%), and the cooccurrence of Babesia spp. and “Candidatus Neoehrlichia mikurensis” showed a signiﬁcant positive correlation. We also compared different PCRRLBs for detection of Borrelia burgdorferi sensu lato and Rickettsia spp. and showed
that different detection approaches provide highly diverse results, indicating that
analysis of environmental samples remains challenging.
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IMPORTANCE This study determined the wide spectrum of tick-borne bacterial and

protozoal pathogens that can be encountered in Austria. Surveillance of (putative)
pathogenic microorganisms occurring in the environment is of medical importance,
especially when those agents can be transmitted by ticks and cause disease. The observation of signiﬁcant coinfections of certain microorganisms in ﬁeld-collected ticks
is an initial step to an improved understanding of microbial interactions in ticks. In
addition, we show that variations in molecular detection methods, such as in primer
pairs and target genes, can considerably inﬂuence the ﬁnal results. For instance, detection of certain genospecies of borreliae may be better or worse by one method
or the other, a fact of great importance for future screening studies.
KEYWORDS Austria, Babesia, Borrelia burgdorferi, Ixodes ricinus, method comparison,

reverse line blot, Rickettsia, tick screening

T

icks carry and transmit a variety of pathogens (bacteria, protozoa, viruses) that can
lead to serious infections in humans (1). In Europe, the majority of vector-borne
diseases are caused by tick-borne pathogens; thus, knowledge about such pathogens
is of medical relevance.
The hard tick Ixodes ricinus is the most important vector in Europe (2) and the most
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frequent tick species in Austria (3). The main part of this study deals with determining
the presence of the following microbial genera in I. ricinus ticks: Borrelia, Rickettsia,
Anaplasma, “Candidatus Neoehrlichia mikurensis,” Babesia, and Coxiella.
Tick-borne diseases, most notably Lyme borreliosis, are highly endemic in Austria (4).
In some areas, the seroprevalence of antibodies to Borrelia burgdorferi sensu lato in
persons frequently exposed to ticks (e.g., hunters) has reached about 54% (5). Thus far,
ﬁve borrelial genospecies have been identiﬁed in I. ricinus populations in different
regions of Austria: B. burgdorferi sensu stricto, B. afzelii, B. garinii, B. bavariensis, and B.
valaisiana (6–9). The mean overall infection rate in I. ricinus ticks collected in different
regions of Austria ranges from 10.9% to 33.3% (6, 7, 10–13).
Among other pathogens, the prevalence of Rickettsia spp. ranges between 12.4% in
the west of Austria (Tyrol) (14) and 17% in the east of the country (12); in a further study,
the overall prevalence for Rickettsia helvetica was 35.6% (15). Anaplasma phagocytophilum has been detected in 1.0% to 8.7% of I. ricinus ticks (6, 12, 16, 17), and Babesia
spp. have been detected in a surprisingly high 51.7% (18). The emerging pathogen
“Candidatus Neoehrlichia mikurensis” has been detected twice in Austrian ticks (6, 19).
Coxiella burnetii was detected once in I. ricinus ticks from Tyrol in 1994, by means of the
hemocyte test (20); however, there has not been any molecular evidence of its presence
(21, 22).
Molecular methods are routinely used for direct detection of microorganisms for
clinical and research purposes. The PCR-reverse line blot (RLB) is useful in broad-range
studies because it enables simultaneous screening for multiple agents in a single
sample (23).
We used this method in our study to investigate the presence of various pathogens
in I. ricinus ticks collected in different regions of Austria in 2005 and from Vienna in
2013. The application of the RLB method has provided a more comprehensive insight
into the presence of coinfections with different pathogenic agents and has allowed us
to extend our earlier results (7, 15, 18). We also compared different RLB-based detection
methods for B. burgdorferi sensu lato and Rickettsia spp. The ﬁrst comparison concerned
two previously described RLBs for B. burgdorferi sensu lato (24, 25), both targeting the
5S-23S intergenic spacer (IGS) region but using different primers. The second
comparison, for detection of Rickettsia spp., involved two RLBs based on different
target genes, in particular, the 16S rRNA gene (26, 27) and the 23S-5S IGS (28). In
this study, we compared these methods for their sensitivity and performance and
applied them to the same environmental tick samples. During the evaluation, we
found high variations in how particular molecular detection methods affect the
results. The ﬁndings of the current work are therefore of importance for further
epidemiological studies.
RESULTS
Detection of B. burgdorferi sensu lato. DNA of B. burgdorferi sensu lato was
detected in 142 (25.6%) of the 554 ticks tested (Table 1). Of the 494 ticks from the 2005
collection, 126 ticks (25.5%) were positive; of the 2013 Vienna collection, 26.7% (16/60)
were positive. Furthermore, we identiﬁed coinfections with multiple Borrelia species in
39 (27.5%) of the positive ticks; most were dual infections (33/142), ﬁve ticks harbored
three species, and a single tick was infected with four species (Table 2). Multiple
genospecies occurred more often in nymphal ticks (31.8%) than in adults (21.1%);
however, the difference was not signiﬁcant (P ⫽ 0.183).
Overall, the most common genospecies among the 142 positive ticks was B. afzelii
(56.3%), followed by B. burgdorferi sensu stricto (26.8%) and B. valaisiana (25.4%). B.
garinii/B. bavariensis, Borrelia lusitaniae, and Borrelia spielmanii were found in 19.7%,
3.5%, and 0.7%, respectively. In the 2005 tick cohort, the distribution of species within
the 126 positive ticks was the same, but with slightly different rates: B. afzelii (60.3%),
B. burgdorferi sensu stricto (26.2%), B. valaisiana (24.6%), B. garinii/B. bavariensis (18.3%),
B. lusitaniae (4.0%), and B. spielmanii (0.8%). In the 16 positive ticks from Vienna, B.
burdorferi sensu stricto, B. garinii/B. bavariensis, and B. valaisiana occurred equally
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TABLE 1 Microorganisms detected in ticks collected in the provinces of Austriaa
No. of positive ticks

Total (554)

Borrelia spp.

Rickettsia spp.

Total
16
12
14
17
16
17
12
17
21

Bbss
5
3
1
6
1
4
4
6
8

Ba
4
4
11
8
12
11
7
11
12

Bg/Bbav
5
2
3
5
2
2

Blus

5
4

Bv
5
3
2
6
3
4
6
4
3

142

38

80

28

36

5

Bsp

1

Total
30
12
4
6
7
7
15
3
9

Rh
3
2
1
4
7
5
7
3
7

1

93

39

3

1

1

Rr
24
8

Babesia spp.

1

Unid.
1
2
3
1b

1
4

1
4

38

Rm
2

2

Rs

Total
2
1

Bve
2

1
2
1
1

1

1

2
2
1
2
2
3

1

13

15

Bd

Bm

Ap
1

1

1

1

2

1

1

2
1

1

8

4

3

CNM
5
2
3
4
1
2
5
2

4

24

aAbbreviations:

Bbss, B. burgdorferi sensu stricto; Ba, B. afzelii; Bg/Bbav, B. garinii/B. bavariensis; Bv, B. valaisiana; Blus, B. lusitaniae; Bsp, B. spielmanii; Rh, R. helvetica; Rr,
R. raoultii; Rm, R. monacensis; Rs, R. slovaca; Unid, unidentiﬁed; Bve, B. venatorum; Bd, B. divergens; Bm, B. microti; Ap, A. phagocytophilum; CNM, “Candidatus
Neoehrlichia mikurensis.”
bUnidentiﬁed Rickettsia sp. that does not belong to the SFG rickettsiae.

often (31.3%), followed by B. afzelii (25.0%). B. lusitaniae and B. spielmanii were not
detected.
For the ﬁrst time, we detected B. lusitaniae (ﬁve ticks) and B. spielmanii (one tick) in
I. ricinus ticks collected in Austria. Three of the B. lusitaniae-positive ticks came from a
single collection site in Lower Austria (Ebreichsdorf), one from Salzburg (Goldegg), and
one from Tyrol (Imst). The only tick that was positive for B. spielmanii was collected in
Vorarlberg (Thüringen) and was coinfected with B. burgdorferi sensu stricto.
More adult ticks (33.1%) than nymphs (22.3%) were infected with B. burgdorferi
sensu lato (see Table S4 in the supplemental material), and the difference was signiﬁcant (P ⫽ 0.008).
Detection of Rickettsia spp. Rickettsia spp. were detected in 93 (16.8%) of the 554
ticks. The percentages of positive ticks were 12.8% (63/494) in the 2005 collection and
50.0% (30/60) in the 2013 Vienna collection.

TABLE 2 Borrelia genospecies detected in Borrelia-positive ticks (n ⫽ 142)
Genospecies
Single infections
B. afzelii
B. burgdorferi sensu stricto
B. garinii/B. bavariensisa
B. valaisiana
B. lusitaniae

No. (%) of ticks
103 (72.5)
55 (38.7)
18 (12.7)
14 (9.9)
13 (9.2)
3 (2.1)

Dual infections
B. burgdorferi sensu stricto ⫹ B. afzelii
B. afzelii ⫹ B. valaisiana
B. garinii/B. bavariensis ⫹ B. valaisiana
B. burgdorferi sensu stricto ⫹ B. valaisiana
B. afzelii ⫹ B. garinii/B. bavariensis
B. burgdorferi sensu stricto ⫹ B. spielmanii
B. burgdorferi sensu stricto ⫹ B. garinii/B. bavariensis
B. valaisiana ⫹ B. lusitaniae

33 (23.2)
8 (5.6)
8 (5.6)
7 (4.9)
4 (2.8)
3 (2.1)
1 (0.7)
1 (0.7)
1 (0.7)

Triple infections
B. burgdorferi sensu stricto ⫹ B. afzelii ⫹ B. garinii/B. bavariensis
B. burgdorferi sensu stricto ⫹ B. afzelii ⫹ B. valaisiana

5 (3.5)
3 (2.1)
2 (1.4)

Quadruple infections
B. burgdorferi sensu stricto ⫹ B. afzelii ⫹ B. valaisiana ⫹ B. lusitaniae

1 (0.7)
1 (0.7)

aB.

garinii and B. bavariensis cannot be discriminated with the ampliﬁed target gene (5S-23S IGS).
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Province
(no. of ticks tested)
Vienna (60)
Lower Austria (64)
Burgenland (60)
Upper Austria (60)
Salzburg (62)
Styria (62)
Carinthia (63)
Tyrol (61)
Vorarlberg (62)

Anaplasma/
Ehrlichia
spp.
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Overall, the most frequently detected species was R. helvetica in 39 (41.9%) ticks,
followed by Rickettsia raoultii in 38 (40.9%), Rickettsia monacensis in two (2.2%), and
Rickettsia slovaca in one (1.1%). Thirteen ticks (14.0%) harbored Rickettsia spp. that gave
a signal only with the genus-speciﬁc probes (Table 1). All of them, with the exception
of one tick collected in Niederottensheim in Upper Austria, reacted with the spotted
fever group (SFG) Rickettsia-speciﬁc probe on the 23S-5S RLB. In the 63 positive ticks
from 2005, the most abundant species was R. helvetica (57.1%), followed by R. raoultii
(22.2%), R. slovaca (1.6%), and other Rickettsia spp. (19.1%). Among the 30 positive ticks
from Vienna, R. raoultii was the most frequently detected species (80.0%), followed by
R. helvetica (10.0%), R. monacensis (6.7%), and other not further identiﬁed Rickettsia spp.
(3.3%). Coexistence of multiple Rickettsia spp. did not occur.
For the ﬁrst time, we detected Rickettsia spp. other than R. helvetica in I. ricinus ticks
in Austria. Of the R. raoultii-positive ticks, the majority (24 ticks) was collected in Vienna
in 2013, where the location Lainzer Tiergarten represented a hot spot with 20 positive
ticks (66.7% R. raoultii-positive). This species was also detected in eight ticks from Lower
Austria (seven from Wolfenreith, one from Hüttendorf), four ticks from Carinthia (two
each from Drobollach and Molzbichl), one from Styria (Mürzzuschlag), and one from
Upper Austria (Stallhofen). R. monacensis was detected only in Vienna (Prater/Lusthaus)
after bidirectional sequencing. R. slovaca was found in one tick from Vorarlberg
(Thüringen) and was repeatedly positive in the 23S-5S IGS RLB but not in the 16S RLB.
We observed a signiﬁcant difference in the infection rates of adult (23.3%) and
nymphal (13.9%) ticks (P ⫽ 0.010) (Table S4).
Detection of Babesia spp. We detected Babesia spp. in 2.7% (15/554) of all ticks: 13
ticks (2.6%) from the 2005 collection and two (3.3%) from the 2013 Vienna collection.
Babesia venatorum was the only species found in the latter collection.
B. venatorum was also the most frequently detected species, in eight ticks (53.3%; six
from 2005, two from 2013), followed by Babesia divergens in four ticks (26.7%), and
Theileria (Babesia) microti was detected for the ﬁrst time in three ticks (20.0%)— one
nymph in Upper Austria (Stallhofen), one female in Vorarlberg (Klaus), and one male in
Carinthia (Molzbichl).
Adult ticks had an infection rate of 4.1%, nymphs had an infection rate of 2.1%
(Table S4); however, the difference was not signiﬁcant (P ⬎ 0.05).
Detection of Anaplasma/Ehrlichia spp. Only four nymphal ticks (0.7% mean overall
prevalence) were positive for A. phagocytophilum with the RLB (Table 1). Among the
four different probes used for this species (Table 3), which cover different genotypes of
A. phagocytophilum, only the A. phagocytophilum 3 probe (29) yielded a signal. The
positive ticks were collected in Carinthia (two ticks), Upper Austria (one), and Vienna
(one).
Twenty-four (4.3%) of the 554 ticks were positive for “Candidatus Neoehrlichia
mikurensis,” of which 19 were derived from the 2005 collection (3.8%) and 5 (8.3%)
were collected in Vienna 2013. Adult and nymphal ticks had similar infection rates of
4.5% and 4.1%, respectively (P ⬎ 0.05) (Table S4). We detected no other genospecies
belonging to the Anaplasma/Ehrlichia genera.
Detection of Coxiella burnetii. None of the 554 ticks tested in this study were
positive for C. burnetii.
Coinfections. Of the 554 I. ricinus ticks tested, 235 (42.4%) harbored at least one
pathogen that can cause disease in humans. Coinfections with multiple microorganisms occurred in 40 ticks (7.2%), corresponding to 17.0% of all positive ticks. An
overview of the coinfections is shown in Table 4 and a more detailed overview of the
dual infections at the species level is shown in Table S5.
The most common coinfection was the combination of B. burgdorferi sensu lato and
Rickettsia spp. (23 ticks). Triple infections were detected in three ticks: all contained
“Candidatus Neoehrlichia mikurensis” DNA, the other species being R. helvetica with B.
divergens, R. raoultii with B. venatorum, and Rickettsia spp. with B. afzelii.
aem.asm.org 4
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TABLE 3 Primers and probes used in reverse line blots
Target species for primer or
probea
Primers
Borrelia burgdorferi sensu lato

Rickettsia spp.

Target
gene
5S-23S IGS

16S rRNA
23S-5S IGS
16S rRNA

Babesia/Theileria spp.

18S rRNA

Coxiella burnetii

htpAB

Probes, membrane 1
B. burgdorferi sensu lato
B. burgdorferi sensu lato 2
B. burgdorferi sensu stricto
B. afzelii
B. garinii/B. bavariensis
B. spielmanii
B. valaisiana 2
B. valaisiana (VS116)
B. valaisiana (VSNE)
B. lusitaniae
B. lusitaniae (LusiNE)
B. lusitaniae (LusiNE1)
B. lusitaniae (LusiNE2)
B. bissetti/B. carolinensis
Rickettsia spp.
SFG Rickettsiae
Typhus group rickettsiae
R. bellii
R. conorii
R. aeschlimannii
R. rickettsii-R. sibirica
R. slovaca
R. helvetica
R. raoultii
R. monacensis
C. burnetii
Probes, membrane 2
Ehrlichia/Anaplasma spp.
A. phagocytophilum 1
A. phagocytophilum 3
A. phagocytophilum 5
A. phagocytophilum 7
“Ca. Neoehrlichia mikurensis”
Theileria/Babesia catch-all
Babesia catch-all 1
Babesia catch-all 2
B. divergens
Theileria (Babesia) microti
B. canis canis
B. canis canis 2
Babesia venatorum
Theileria catch-all
Rickettsia spp.
R. conorii
R. helvetica
R. massiliae
R. raoultii

5S-23S IGS

23S-5S IGS

htpAB

16S rRNA

18S rRNA

16S rRNA

Referencec

ACC ATA GAC TCT TAT TAC TTT GAC CA
Biotin-GAG AGT AGG TTA TTG CCA GGG
TCA GGG TAC TTA GAT GGT TCA CTT
Biotin-GAG TTC GCG GGA GAG TAG GTT ATT
GAA CGC TAT CGG TAT GCT TAA CAC A
Biotin-CAT CAC TCA CTC GGT ATT GCT GGA
GAT AGG TCR GRT GTG GAA GCA C
Biotin-TCG GGA YGG GAT CGT GTG TTT C
GGA ATT CAG AGT TGG ATC MTG GYT CAG
Biotin-CGG GAT CCC GAG TTT GCC GGG ACT TYT TCT
GAC ACA GGG AGG TAG TGA CAA G
Biotin-CTA AGA ATT TCA CCT CTG ACA GT
TAT GTA TCC ACC GTA GCC AGT C
Biotin-CCC AAC AAC ACC TCC TTA TTC

24
24
25
25
27, modiﬁed from reference 26
27, modiﬁed from reference 26
28
28
29
84
85
85
78
78

CTT TGA CCA TAT TTT TAT CTT CCA
C TTC CAT CTC TAY TTT GCC AAT
AAC ACC AAT ATT TAA AAA ACA TAA
AAC ATT TAA AAA ATA AAT TCA AGG
AAC ATR AAC ATC TAA AAA CAT AAA
GTC AAT ATC TAT TTT CTT TTT TAT G
CAT GTC AAT ATC TAT TTT ATT TTT TAC ATT A
CAT TAA AAA AAT ATA AAA AAT AAA TTT AAG G
TAT ATC TTT TGT TCA ATC CAT GT
TTT TTA AAT CAA ACA TTC AAA AAA AT
TCA AGA TTT GAA GTA TAA AAT AAA A
CAT TCA AAA AAA TAA ACA TTT AAA AAC AT
AAA TCA AAC ATT CAA AAA AAT AAA C
CAC TAA CAT TTA AAA AAT ATA AAA TAA AAT
TAG CTC GAT TGR TTT ACT TTG
ACT CAC AAR GTT ATC AGG T
GTT ATT CTA TCG TTT TAT GTY ACG
GTG TTT ATT CTA TAA TAT GTC AG
GTT ATA TAC TGT AGC CCT G
ATA TTA TAC TGT ATG TAG CCC C
GTT ATA CTG TAG TCC TGC AA
GTA GCC CCT GCC ACG ATA
CAT GGC TTG ATC CAC GGT A
TCA ACT AAT AAA TTT GCT GAG TA
CAA TGT CAT ACC GTG GTC AAG
GCA AGA ATA CGG ACT CAC GA

24
This paper
24
24
24, modiﬁed
This paper
This paper
24
86
This paper
86
31
31
This paper
28
28
28
28
28
28
28
28
28
81
M. Wijnveld, unpublished
77

GGG GGA AAG ATT TAT CGC TA
TTG CTA TAA AGA ATA ATT AGT GG
TTG CTA TGA AGA ATA ATT AGT GG
TTG CTA TAA AGA ATA GTT AGT GG
TTG CTA TAG AGA ATA GTT AGT GG
GCT GTA GTT TAC TAT GGG TA
TAA TGG TTA ATA GGA RCR GTT G
ATT AGA GTG TTT CAA GCA GAC
ACT AGA GTG TTT CAA ACA GGC
ACT RAT GTC GAG ATT GCA C
GRC TTG GCA TCW TCT GGA
TGC GTT GAC GGT TTG AC
TGG TTG GTT ATT TCG TTT TCG
CGA TTT CGC TTT TGG GAT T
ATT AGA GTG CTC AAA GCA GGC
TTT AGA AAT AAA AGC TAA TAC CG
CTT GCT CCA GTT AGT TAG T
GCT AAT ACC ATA TAT TCT CTA TG
TGG GGC TTG CTC TAA TTA GT
CTA ATA CCG CAT ATT CTC TAC G

84
29
29
Protocol book UCTD
Protocol book UCTD
29
87
87
87
76
87
88
87
27
87
26
26
26
89
27

aAll

probes were labeled with a C6 amino linker for covalent binding to the membranes.
letter indicates the difference from the original probe: nucleotide ambiguity code uses R to represent A or G to cover more species.
cProtocol book UCTD, oligonucleotide sequences obtained from the Utrecht Center for Ticks and Tick-borne Diseases Summer School Protocol Book (2012), no original
reference available.
bBold
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TABLE 4 Putative pathogenic microorganisms and coinfections detected in ticks
No. of ticks
195
109
65
4
14
3

Dual infections
Borrelia spp. ⫹ Rickettsia spp.
Borrelia spp. ⫹ Babesia spp.
Borrelia spp. ⫹ A. phagocytophilum
Borrelia spp. ⫹ “Ca. Neoehrlichia mikurensis”
Rickettsia spp. ⫹ Babesia spp.
Babesia spp. ⫹ “Ca. Neoehrlichia mikurensis”

37
22
4
1
5
3
2

Triple infections
Borrelia spp. ⫹ Rickettsia spp. ⫹ “Ca. Neoehrlichia mikurensis”
Rickettsia spp. ⫹ Babesia spp. ⫹ “Ca. Neoehrlichia mikurensis”

3
1
2
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Microorganism(s)
Single infections
Borrelia spp.
Rickettsia spp.
Babesia spp.
“Ca. Neoehrlichia mikurensis”
A. phagocytophilum

Cooccurrences of pairs of tick-borne pathogens were investigated with Pearson’s
chi-square test. The only signiﬁcant observation was for cooccurrence of Babesia spp.
with “Candidatus Neoehrlichia mikurensis” (P ⬍ 0.001); Pearson’s correlation analysis
showed a positive correlation (r ⫽ 0.183, P ⬍ 0.001). Unfortunately, the number of
Babesia-positive ticks in this survey was low; therefore, it was not possible to determine
whether certain Babesia species are more commonly associated with the presence of
“Candidatus Neoehrlichia mikurensis” than others or whether the developmental stages of
the ticks played a role.
Comparison of Borrelia PCR-RLBs. Sensitivity of both PCR-RLBs was evaluated in
triplicate for ﬁve B. burgdorferi sensu lato strains. All ﬁve strains were detected with both
methods to a detection limit of 10⫺5 ng total borrelial DNA (Fig. 1).
When we spiked a dilution series of one strain with 10⫺2 ng DNA of another strain,
the detection limit of the diluted strain decreased from 10⫺5 ng to 10⫺3 ng or in some
cases to 10⫺2 ng (Table 5). When the dilution series of B. valaisiana was spiked with
10⫺2 ng of B. burgdorferi sensu stricto DNA in the PCR-RLB of Alekseev et al. (25), B.
valaisiana was not detected at all, whereas in the PCR-RLB of Rijpkema et al. (24), the
detection limit for B. valaisiana simply decreased to 10⫺2 ng DNA. When the dilution
series of B. afzelii was spiked with 10⫺2 ng DNA of B. garinii, the PCR-RLB of Alekseev
et al. performed better (detection limit for B. valaisiana, 10⫺3 ng) than that of Rijpkema
et al. (detection limit for B. valaisiana, 10⫺2 ng).
Next, we compared the primer pairs of Alekseev et al. (25) and Rijpkema et al. (24)
(Table 3) on the basis of the tick screening results. As described earlier, B. afzelii was the
most common genospecies detected (56.3%) when the detection methods were
considered together. This ﬁnding remained the same when the PCR-RLBs were analyzed independently (56.9% and 56.0% with the primers of Rijpkema et al. and Alekseev
et al., respectively). However, slight changes in the prevalences of other B. burgdoferi
sensu lato genospecies occurred when the methods were analyzed separately. With the
primer pair of Rijpkema et al., the second most commonly found species was B.
valaisiana at 26.3% (36/137), followed by B. burgdorferi sensu stricto at 25.5% (35/137),
B. garinii/B. bavariensis at 20.4% (28/137), B. lusitaniae at 3.6% (5/137), and B. spielmanii
at 0.7% (1/137). Using the primer pair designed by Alekseev et al., the second most
frequently detected species was B. burgdorferi sensu stricto at 24.0% (18/75), followed
by B. garinii/B. bavariensis at 20.0% (15/75), B. valaisiana at 16.0% (12/75), and B.
lusitaniae at 2.7% (2/75). B. spielmanii was not detected with these primers.
The tick screening results were compared using McNemar’s test. The calculation
considering all samples showed a signiﬁcant difference (P ⬍ 0.001). A contingency table
(Fig. 2) showed that 67 samples were positive only with the primers of Rijpkema et al.,
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whereas ﬁve samples (three B. burgdorferi sensu stricto, two B. afzelii) were positive only
with the primer pair of Alekseev et al.
The mean overall B. burgdorferi sensu lato infection rate of ticks, with both methods
taken into account, was 25.6%. When the screening tests were analyzed separately, the

TABLE 5 Sensitivity for the detection of multiple B. burgdorferi sensu lato speciesa
Sensitivityb (ng) of PCR-RLB of:
Dilution series (10ⴚ2 to 10ⴚ6 ng)
B. valaisiana
B. afzelii
B. burgdorferi sensu stricto
B. garinii
B. lusitaniae
B. valaisiana
B. afzelii
B. burgdorferi sensu stricto

Test
1
2
3
4
5
6
7
8
aRows

Spiked species (10ⴚ2 ng)
B. afzelii
B. burgdorferi sensu stricto
B. garinii
B. lusitaniae
B. valaisiana
B. burgdorferi sensu stricto
B. garinii
B. lusitaniae

Alekseev et al. (25)
10⫺3
10⫺3
10⫺3
10⫺3
10⫺3
ND
10⫺3
10⫺2

Rijpkema et al. (24)
10⫺3
10⫺3
10⫺3
10⫺3
10⫺3
10⫺2
10⫺2
10⫺2

shaded in gray indicate the combination for which a difference in results between the methods was observed.
of detection for the diluted strain when spiked with 10⫺2 ng of another strain. ND, not detected.

bSensitivity
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FIG 1 Sensitivity determinations for Borrelia and Rickettsia RLBs. (A) The detection limit for both primer pairs in the Borrelia RLB is 10⫺5 ng borrelial DNA, as
demonstrated here for three of the tested B. burgdorferi sensu lato (sl) strains in a dilution series from 10⫺2 ng to 10⫺7 ng DNA. Cross-reaction of our B. afzelii strain
with the B. lusitaniae probe LusiNE can be seen on this RLB, also described by Gern et al. (31). ss, sensu stricto. (B and C) The detection limit for R. raoultii was 10⫺5
ng DNA (containing host cell DNA) on the 23S-5S IGS RLB (B) and on the 16S rRNA gene RLB (C). This corresponds to 18 rickettsial cells, as calculated in qPCR.
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FIG 2 Contingency tables for comparison of the different methods using McNemar’s test.

mean overall prevalences were 13.5% using the primer pair of Alekseev et al. and 24.7%
with the primers of Rijpkema et al.
To further investigate whether this difference might relate to particular genospecies
being preferentially ampliﬁed, we split the data set by the species detected. To avoid
distortion of the calculation by coinfections with multiple B. burgdorferi sensu lato
genospecies, we ﬁltered the data for single infections only. McNemar’s test was used for
B. burgdorferi sensu stricto and B. afzelii, as these were the only species detected in
sufﬁcient numbers in single infections. The difference between the primer pairs was
signiﬁcant for detection of B. afzelii (P ⬍ 0.001) but not for B. burgdorferi sensu stricto
(P ⫽ 0.344).
Comparison of Rickettsia RLBs. The sensitivity of the two RLBs was evaluated by
testing a 10-fold serial dilution of DNA of R. raoultii in tick cell DNA in triplicate. Using
a quantitative PCR (qPCR) targeting the single-copy citrate synthase gene (gltA), we
determined the number of genome equivalents by generating a standard curve (slope,
⫺3.004; y intercept, 42.726; R2, 0.988; efﬁciency, 115.201%) in the Rickettsia-host cell
DNA mix. Our tests showed that detection limits for the 16S rRNA gene RLB and the
23S-5S IGS RLB were the same, with a determined number of 18 genome equivalents
in 10⫺5 ng of R. raoultii-host cell DNA. Hence, at least for the tested R. raoultii strain, the
RLBs performed equally well.
For detection of Rickettsia spp. in our tick DNA samples, we compared the results of
the 16S rRNA gene (27) and the 23S-5S IGS region (28) using McNemar’s test; there was
no signiﬁcant difference between the RLBs (P ⫽ 0.064). The results were consistent for
461 negative and 69 positive ticks. The differences were due to seven ticks that were
positive only with the 23S-5S IGS RLB and 17 ticks that gave a signal only in the 16S
rRNA RLB (Fig. 2).
Next, we compared the performances of both methods in relation to the Rickettsia
spp. detected. When the data were split according to species, the relevant cell counts
were too low for a valid McNemar’s test. However, the contingency table showed
that the signiﬁcant difference was caused only by the ticks that reacted with the 16S
R. raoultii probe, representing 40.9% of the Rickettsia-positive ticks. Of these, 14 of
38 were positive only with the 16S rRNA gene RLB and 24 were positive with both
tests. None of them were positive with the 23S-5S IGS RLB alone. Furthermore, we
detected the two R. monacensis-positive ticks with either method but R. slovaca
only in the 23S-5S IGS RLB. In detection of R. helvetica, the two tests performed
equally well (38 of 39 ticks positive in both tests), and only a single sample was false
negative in the 23S-5S IGS RLB.
Analysis of the results of the tick screening separately resulted in an overall Rickettsia
prevalence of 13.7% (76/554) with the 23S-5S IGS RLB and 15.7% (86/554) with the 16S
RLB, compared with 16.8% when the methods were combined. Single analysis of the
RLBs did not have a major impact on the order of frequencies of identiﬁed Rickettsia
spp. The most common rickettsial species detected using the 16S rRNA-based RLB was
July 2017 Volume 83 Issue 13 e00489-17
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R. helvetica, in 45.3% (39/86) of ticks, followed by R. raoultii in 44.2% (38/86) and R.
monacensis in 2.3% (2/86). In analysis of the 23S-5S IGS RLB, the order stayed the same,
but the frequencies differed: R. helvetica was detected in 50.0% (38/76), R. raoultii in
35.5% (27/76), R. monacensis in 2.6% (2/76), and R. slovaca in 1.3% (1/76). Unidentiﬁed
Rickettsia spp. were detected in 8.1% (7/86) and 10.5% (8/76) of ticks with the 16S rRNA
gene RLB and the 23S-5S IGS RLB, respectively.
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DISCUSSION
In this study, the PCR-RLB technique was used to assess the prevalence of various
tick-borne pathogens in I. ricinus ticks collected in Austria in 2005 and 2013. Compared
to more modern techniques, such as deep sequencing, it is a very feasible tool for large
epidemiological studies due to its relatively low costs, widely available laboratory
equipment, and ease of use. High numbers (42.4%) of the investigated ticks were
positive for microorganisms of medical and veterinary importance.
The most frequently detected pathogen was B. burgdorferi sensu lato, at a prevalence of 25.6% (25.5% in 2005 and 26.7% in Vienna in 2013); this value is within the
infection rates reported from the surrounding countries (30–36). Our results are also in
accordance with other Austrian studies in the province of Styria (6) and eastern Austria
(12). In a previous study (7) on ticks collected from all regions of Austria in 2005, the
overall prevalence was only 14.5%; however, nearly a third of those ticks were larvae.
In the present study, larval ticks were excluded because transovarial transmission of B.
burgdorferi sensu lato does not efﬁciently contribute to maintain these spirochetes in
the natural cycle, and even if vertical transmission occurs, it is inefﬁcient (37, 38). By
subtracting the number of larval ticks tested in the previous study by Blaschitz et al. (7),
the prevalence increases to 19.6% in their study and is closer to our result.
The comparison of methods in the present study also showed that results differed
signiﬁcantly according to the method used (13.5% versus 24.7% with either of the
primer pairs). Moreover, we have clearly shown that some species are preferentially
ampliﬁed by certain primer pairs, as indicated by our experiment for detection of
multiple B. burgdorferi sensu lato genospecies with both primer pairs and by our ﬁnding
during the tick screening study that B. afzelii was signiﬁcantly more often detected
using the primers of Rijpkema et al. than with the primers of Alekseev et al.
In our study, B. afzelii was the dominating Borrelia species (56.3%). This is in good
agreement with many other studies that describe B. afzelii as the most prevalent B.
burgdorferi sensu lato species in ticks in Europe (6, 31, 33, 34). In humans, the most
common manifestation of Lyme borreliosis is erythema migrans (39). This skinassociated lesion is often linked to the presence of B. afzelii (8, 40, 41), the most
common species identiﬁed in patient samples in our institute (A. Schötta, M. Reiter, I.
Korschinek, A. Müller, G. Khanakah, H. Stockinger, and G. Stanek, presented at the 33rd
Annual Meeting of the Austrian Society for Hygiene, Microbiology and Preventive
Medicine, Salzburg, Austria, 21 to 24 May 2012).
In the tick screening study mentioned above (7), the dominating species was B.
garinii, in 66.9% of the positive ticks; B. afzelii was detected in only 11.3%. This
difference might be explained by the use of different detection methods, as demonstrated in the present study where the proportions of the various B. burgdorferi sensu
lato genospecies differed according to the method used. Furthermore, different cohorts
of ticks from the 2005 collection were used in the two studies, which may also
contribute to this difference.
In Austria, ﬁve species of the B. burgdorferi sensu lato complex have been reported
so far: B. burgdorferi sensu stricto, B. afzelii, B. garinii, B. bavariensis, and B. valaisiana (6,
7, 9). In the present study, we also detected B. lusitaniae and B. spielmanii, and to the
best of our knowledge, this is the ﬁrst report of these genospecies in I. ricinus ticks in
Austria.
We detected high numbers of coinfections (27.5%) with multiple genospecies
among the B. burgdorferi sensu lato-positive ticks, similarly to other studies (42, 43). In
Denmark, coinfections with multiple strains were detected even more frequently than
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single infections (42). These ﬁndings imply that people living in areas where ticks are
endemic and that have a high prevalence of B. burgdorferi sensu lato can become
infected with different strains at the same time, and indeed cases of human infections
with multiple Borrelia strains have been reported (44, 45). In a meta-analysis of the
Borrelia genospecies occurring in ticks in Europe (46), about 13% of ticks contained
mixed infections, with cooccurrence of B. garinii and B. valaisiana being the most
common (46). This combination occurred frequently (7/33 dual infections) in our study,
but the most common coinfections detected were B. afzelii with either B. burgdorferi
sensu stricto or B. valaisiana (8/33 dual infections). In an extensive investigation of the
occurrence and ecology of B. burgdorferi sensu lato coinfections in ticks (47), it was
concluded that certain genospecies facilitate or inhibit the spirochete load of other
genospecies, depending on their host speciﬁcity. B. afzelii and B. burgdorferi sensu
stricto, which are both rodent-associated genospecies, appeared to facilitate growth
when occurring together, whereas the combination of B. afzelii and B. valaisiana,
the latter being an avian-associated genospecies, was described as growth inhibiting (47). In our screening, coinfections of B. afzelii with either B. valaisiana or B.
burgdorferi sensu stricto occurred equally often.
We did not investigate the spirochete load within ticks harboring multiple strains to
determine which genospecies was dominant. Nevertheless, our results show that in
Austria, the prevalence of Borrelia in ticks is high and that high numbers of ticks harbor
more than one B. burgdorferi sensu lato species. Human infections with multiple Borrelia
strains therefore can result from transmission during a single tick bite or following
sequential tick bites in tick-infested areas. So far, there have been no reports of
cultivation of more than one Borrelia genospecies from a single infection site, such as
from erythema migrans; however, different genospecies have been cultivated from
different body sites in individual patients. No evidence exists for an ambiguous course
that might impede the clinical diagnosis (48).
We detected Rickettsia spp. as the second most frequently occurring pathogen in
Austrian ticks, with a mean overall infection rate of 16.8%; however, the proportion of
Rickettsia-positive ticks was 12.8% in the 2005 collection and 50% in the 2013 Vienna
collection. The prevalence of Rickettsia spp. in questing I. ricinus ticks in the countries
surrounding Austria typically does not exceed 20% (30, 32, 49–54). A previous Austrian
study found a higher rate of 35.6% in ticks from the 2005 collection (15). Possible
reasons for this difference might be that rickettsiae are transovarially transmitted (55)
and that large numbers of larvae were tested in the earlier study. However, subtracting
the larvae from the previous study would lead to an increase in positivity to 41.5%. It
is possible that in the study of Blaschitz et al. (15), ticks from certain collection sites may
have represented hot spots for rickettsiae, a result of the rickettsial life cycle. This was
also the case in our screening of ticks collected in Vienna, where one collection site was
identiﬁed as a hot spot in which 66.7% of ticks tested positive. Another explanation
could be the use of different detection methods in the two screenings. In the present
study, we compared two RLB approaches in parallel, one targeting the 16S rRNA gene
(27) and the other targeting the 23S-5S IGS (28), and detected a signiﬁcant difference
between the two methods in detection of Rickettsia spp. R. raoultii was more often
detected with the 16S rRNA gene-based RLB, whereas R. slovaca was detected only
when using the 23S-5S IGS RLB. This ﬁnding indicates that detection of certain
genospecies is better or worse depending on the method used. The use of different
assays might also explain why only R. helvetica had been found in Austrian ticks in
earlier studies (15, 56).
With the methods used in the present study, we also detected R. monacensis, R.
raoultii, and R. slovaca in questing I. ricinus ticks collected from vegetation. The
detection of R. monacensis in I. ricinus ticks adds to ﬁndings in surrounding countries,
where the presence of this species has been conﬁrmed (30, 32, 49, 54). However,
ﬁnding this high proportion of R. raoultii (40.9% of Rickettsia species-positive ticks) and
one R. slovaca-positive I. ricinus tick in our investigation was surprising, as these species
are usually associated with Dermacentor ticks (55, 57). The single R. slovaca-positive tick
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could have fed on a host that was infected with this Rickettsia species. A single I. ricinus
tick harboring R. slovaca DNA was found in another epidemiological study (58);
nevertheless, the preferential vectors for R. slovaca remain Dermacentor ticks. Growth
studies have shown that R. slovaca grown in D. marginatus ticks reaches much higher
numbers than it does in I. ricinus ticks. Further, when I. ricinus ticks are artiﬁcially
infected with R. slovaca, a third of the ticks die (59). It seems unlikely, therefore, that I.
ricinus plays a major role in maintaining the life cycle of this Rickettsia species.
This might not be the case for the high number of R. raoultii-positive I. ricinus ticks
that we detected in different parts of Austria. Cross-reactions of other Rickettsia spp.
with the probe used for species identiﬁcation on the RLB was ruled out by sequencing
the partial 16S rRNA gene of multiple positive ticks; this yielded 100% identity with R.
raoultii. Moreover, this is not the ﬁrst report of detection of R. raoultii in I. ricinus ticks.
In a study in Poland (58), 18.2% of I. ricinus ticks contained R. raoultii. The question
arises, therefore, whether I. ricinus has vector potential for transmitting R. raoultii to
humans after a tick bite. Transmission studies would be of great interest to evaluate
whether I. ricinus ticks harboring this agent can constitute a risk to human health.
Moreover, seroprevalence studies investigating whether people living in tick-infested
regions are in contact with certain tick-borne microorganisms can be of clinical value.
As Rickettsia spp. were found in 16.8% of the ticks tested, which is approximately 10
percentage points below the prevalence of B. burgdorferi sensu lato, one would expect
that a few clinical cases occur in Austria. However, to the best of our knowledge, no
infections with SFG rickettsiae have been reported. Nevertheless, in seroprevalence
studies (in Tyrol, for example), 7.7% of 1,200 blood donors had antibodies against R.
helvetica (14). Human rickettsiosis might therefore be underdiagnosed in Austria because of etiologically unexplained nonspeciﬁc symptoms or a short, self-limiting course
of disease (55).
“Candidatus Neoehrlichia mikurensis” was detected in 4.3% of the ticks tested, an
infection rate in agreement with reports from surrounding countries, where the prevalence in questing I. ricinus ticks ranged from around 1% to nearly 12% (32, 50, 60–62).
Interestingly, in a study of ticks collected in Austria (19), the highest prevalence ever
recorded in Europe, 23.5%, was reported. Unfortunately, the year in which the ticks
were collected was not stated. In our study, we show that “Candidatus Neoehrlichia
mikurensis” was present in I. ricinus ticks throughout Austria in 2005, only 6 years after
its discovery as an Ehrlichia-like organism in the Netherlands (29). So far, this species has
played a pathological role only in immunocompromised patients (63); however, in a
Chinese study, “Candidatus Neoehrlichia mikurensis” was identiﬁed in the blood of
febrile patients with a history of tick bite who were otherwise healthy (64). This
organism has not yet been successfully cultivated, and no serological tests are available
for evaluation of its seroprevalence in regions where ticks are endemic or for detection
of latent infections.
Strikingly, we found a positive correlation for the presence of “Candidatus Neoehrlichia mikurensis” and Babesia spp., but the low numbers of ticks positive for these two
microorganisms did not permit further evaluation of whether certain Babesia species
are more commonly associated with “Candidatus Neoehrlichia mikurensis” or whether
the life stage of the ticks plays a role.
The related pathogen A. phagocytophilum occurred in only 0.7% of ticks tested, well
within the range of prevalence detected in neighboring countries, where it rarely
exceeded 5% (30, 32, 50, 60, 61). A few patients with human granulocytic anaplasmosis
have been described in Austria (65, 66), of which nearly all required hospitalization. One
of four A. phagocytophilum-positive ticks in our study also harbored B. burgdorferi sensu
lato. According to North American observation, human coinfections with A. phagocytophilum and B. burgdorferi sensu lato can result in a more severe outcome, for example,
enhanced migration of the spirochetes through the brain-blood barrier (67).
For Babesia spp., we detected a mean overall prevalence of 2.7% in the questing I.
ricinus ticks and, similar to prevalences of other tick-borne pathogens detected in our
study, this rate is comparable to those reported in neighboring countries. The prevaaem.asm.org 11
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lence in I. ricinus ticks is usually low and ranges from 0% to around 10% (30, 32, 50, 68,
69). In contrast, in a previous study in Austrian ticks, the mean overall prevalence for
Babesia spp. was 51.0% (18). This extraordinary ﬁnding was explained by high tick
densities at certain sampling sites and by the life cycle of Babesia spp., which possess
the potential of transstadial as well as transovarial transmission (70). Once the pathogen is introduced to an area, the probability is high that these areas will become hot
spots, meaning that the whole tick population contains Babesia spp. In areas of high
tick density, it is more likely that ticks belonging to the same population are collected,
and therefore observations of high prevalences, as in the study by Blaschitz et al., are
possible. The difference in the present study might be explained by multiple factors:
ﬁrst, we investigated different numbers of ticks per collection site; second, we tested
completely different collection sites; and last, we used a different detection method
that can have a major inﬂuence on the results. This might also be a reason why we were
able to detect Theileria (Babesia) microti in questing I. ricinus ticks for the ﬁrst time in
Austria.
We did not detect the pathogen C. burnetii in the I. ricinus ticks tested. Few other
studies have investigated I. ricinus ticks for the presence of C. burnetii and either could
not detect this microorganism (71, 72) or detected it in very low numbers (73).
Nevertheless, in Austria, C. burnetii was detected in Tyrol in 1994 by use of the
hemocyte test (20), a commonly used method for detection of rickettsiae and Rickettsialike organisms in the hemolymph of ticks. Furthermore, 2% of the Austrian adult
population carry antibodies against C. burnetii (74), indicating circulation of this organism in the Austrian environment.
In summary, we have identiﬁed the borrelial species B. lusitaniae and B. spielmanii for
the ﬁrst time in Austrian I. ricinus ticks. In the same tick collection, we also found for the
ﬁrst time R. raoultii, R. monacensis, and R. slovaca. We also detected A. phagocytophilum
and “Candidatus Neoehrlichia mikurensis” in new regions in Austria. Furthermore, in
addition to B. divergens and B. venatorum, we detected Theileria (Babesia) microti for the
ﬁrst time in Austrian I. ricinus ticks. An interesting observation in the present study was
the signiﬁcant cooccurrence of Babesia spp. with “Candidatus Neoehrlichia mikurensis.”
We also showed that the choice of the detection method inﬂuences the outcome of the
results, even when the initial evaluation of the methods results in equal performances.
The difference in the detection methods is reﬂected in the infection rates of ticks with
different microorganisms and even in the pathogen species detected.
Moreover, we found a high number of tick-borne pathogens circulating in Austrian
I. ricinus populations and coinfections with different organisms in 17% of pathogenpositive ticks, which may be of medical relevance because several of the identiﬁed
pathogens might promote the virulence of others (67).
MATERIALS AND METHODS
Ticks. Questing I. ricinus ticks in all provinces of Austria were collected from vegetation using the
ﬂagging method. The ticks tested in this study were derived from two sampling occasions. The ﬁrst batch
contained 494 ticks (149 adults, 345 nymphs) deriving from a collection made in summer 2005 over a
time period of 3 months (beginning of May to beginning of August) from deciduous and mixed
woodlands in eight Austrian provinces (Lower Austria, Upper Austria, Styria, Burgenland, Salzburg,
Carinthia, Tyrol, Vorarlberg) of which a minimum number of 60 ticks per province (Fig. 3; Table 6) was
tested during this study. The second batch comprised 60 ticks (23 adults, 37 nymphs) collected in two
deciduous forests in October 2013 from the ninth province, Vienna.
The ticks from 2005, some of which have been used for previous studies in our institute (7, 15, 18),
were stored at ⫺80°C. For the present study, DNA was freshly extracted from ticks from this collection,
and thus these ticks represent a cohort independent from the ticks used in the earlier studies. As no more
ticks from Vienna in 2005 were available, a new collection was made in 2013. Those ticks were stored at
4°C until DNA extraction on the following day. The ticks were identiﬁed using a stereomicroscope and
standard taxonomic keys before the DNA was extracted.
DNA extraction. Ticks were washed in 70% ethanol, dried on microscopic slides, and cut in half using
sterile blades. The DNeasy blood and tissue kit (Qiagen, Hilden, Germany) was used for DNA extraction.
Brieﬂy, ticks were lysed at 56°C on a thermal shaker for at least 3 h in 180 l ATL buffer and 20 l
proteinase K solution. AL buffer (200 l) was added, tubes were incubated for another 10 min at 70°C,
and then 200 l 96% ethanol was added and the samples were centrifuged at 14,000 ⫻ g for 5 min. The
manufacturer’s protocol was followed for the remaining steps. DNA was eluted in 100 l prewarmed
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aem.asm.org 12

Microbial Pathogens in Ticks from Austria

Applied and Environmental Microbiology

(68°C) AE buffer, and extracts were stored at ⫺20°C until used for PCR. A negative extraction control
(reagents without tick DNA) was included in every process of DNA extraction.
Molecular detection of pathogens using reverse line blot. Using the PCR-RLB hybridization
method, we screened the ticks for the presence of the following pathogens: B. burgdorferi sensu lato,
Anaplasma/Ehrlichia spp. including “Candidatus Neoehrlichia mikurensis,” Babesia spp., Rickettsia spp.,
and C. burnetii. To avoid problems of cross-reactivity caused by unspeciﬁc ampliﬁcation during PCR, both
genus- and species-speciﬁc oligonucleotide probes need to give a signal on RLB. Samples that give a
species-speciﬁc signal but no signal for the genus-speciﬁc probe (⬙catch-all⬙ probe) are considered
negative. In contrast, samples that give only a genus-speciﬁc signal are sequenced for determination of
the species.
In the RLBs, genus- and species-speciﬁc oligonucleotide probes (Table 3) labeled with a 5= C6 amino
linker (Euroﬁns Genomics GmbH, Ebersberg, Germany) were covalently linked to a nylon membrane
(Biodyne C; Pall Laboratories, Crailsheim, Germany) using a miniblotter 45 (Immunetics, Boston, MA, USA)
and a previously described protocol (75). In the next step, genus-speciﬁc PCRs on target genes that also
contained species-speciﬁc variable regions were performed for each of the ﬁve pathogen groups. RLB
hybridization was used for detection of the obtained PCR amplicons. One primer in each PCR was labeled
with 5=-biotin (Table 3), which resulted in ampliﬁcation of biotinylated PCR products if DNA of the
investigated pathogen was present. The PCR products were combined and hybridized to the respective
membranes. All RLBs were performed as described elsewhere (75). Results were visualized using the
ChemiDoc touch imaging system (Bio-Rad, Hercules, USA) in combination with the Pierce ECL Western
blotting substrate (Thermo Fisher Scientiﬁc, Vienna, Austria).
Genus-speciﬁc PCRs used for RLB. The Phire hot start II polymerase kit (Thermo Fisher Scientiﬁc,
Vienna, Austria) and a C1000 touch thermal cycler (Bio-Rad, Hercules, USA) were used for all PCRs for the
RLB. The reaction mixtures (total volume of 25 l) contained 5 l 5⫻ Phire reaction buffer, including 1.5
mM MgCl2 (Thermo Fisher Scientiﬁc, Vienna, Austria), 200 nM deoxynucleoside triphosphates (dNTPs)
(Solis Biodyne, Tartu, Estonia), 400 nM each primer, 0.125 U Phire II polymerase (Thermo Fisher Scientiﬁc,
Vienna, Austria), PCR-grade H2O (Sigma-Aldrich, Darmstadt, Germany), and 2.5 l template DNA.
For detection of B. burgdorferi sensu lato, two previously described PCRs (24, 25) using different
primer pairs, both amplifying the 5S-23S IGS region, were compared (see below). The PCRs were carried
out as described previously (29) with minor modiﬁcations: an initial denaturation step at 98°C for 30 s,
followed by 10 touchdown cycles of 98°C for 5 s, 60°C for 5 s, and 72°C for 10 s in which the annealing
temperature was lowered from 60°C to 50°C by 1°C per cycle. The touchdown cycles were followed by
45 additional cycles (each 5 s at 98°C, 5 s at 50°C, and 10 s at 72°C) and a ﬁnal extension step of 1 min
at 72°C. Results for the general tick screening were considered positive when both PCRs gave a signal on
July 2017 Volume 83 Issue 13 e00489-17
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FIG 3 Tick collection sites in Austria. Names of provinces are underlined. Abbreviations of surrounding countries: D, Germany; CH, Switzerland; I, Italy; SLO,
Slovenia; H, Hungary; SK, Slovakia; CZ, Czech Republic; FL, Liechtenstein. Abbreviations of the 27 collection sites: K, Klaus; W, Weiler; T, Thüringen; M, Mils; Im,
Imst; F, Fügen; G, Goldegg; A, Adnet; N, Neufahrn; S, Stallhofe; No, Niederottensheim; Di, Dietachdorf; Wo, Wolfenreith; Ir, Irnfritz; SP, St. Pölten; Hd, Hüttendorf;
E, Ebreichsdorf; L, Lainzer Tiergarten; P, Prater; B, Breitenbrunn; St, Stoob; O, Oberwart; Mz, Mürzzuschlag; Ad, Admont; SPL, St. Paul im Lavantal; Dr, Drobollach;
Mo, Molzbichl.
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TABLE 6 Collection sites and numbers of ticks tested
Yr of
collection
2005

Province
Styria
Salzburg

Lower Austria

Vorarlberg

Tyrol

Upper Austia

Carinthia

2013

Vienna

Total no.
of ticks
32
30
20
20
22
12
13
14
13
12
20
20
20
21
21
20
20
21
20
20
20
20
20
22
21

No. of
nymphs
11
30
20
10
16
12
7
8
7
7
20
20
18
14
3
20
9
21
18
12
18
10
5
19
10

No. of
adults
21

2
8
2
10
15
3
11

Prater/Lusthaus (P)
Lainzer Tiergarten (L)

30
30

20
17

10
13

10
6
6
6
6
5
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Burgenland

Collection site (abbreviation)
Mürzzuschlag (Mz)
Admont (Ad)
Golgegg (G)
Adnet (A)
Neufahrn (N)
Hüttendorf (Hd)
St. Pölten (SP)
Irnfritz (Ir)
Ebreichsdorf (E)
Wolfenreith (W)
Stoob (St)
Oberwart (O)
Breitenbrunn (B)
Weiler (W)
Klaus (K)
Thüringen (T)
Imst (Im)
Mils (M)
Fügen (F)
Dietachdorf (Di)
Stallhofen (S)
Niederottenheim (No)
Molzbichl (Mo)
Drobollach am Faakersee (Dr)
St. Paul im Lavantal (SPL)

2
7
18
11

the RLB. If only one PCR gave a signal, both tests were repeated; the sample was considered positive if
the previously positive test gave the same result, even if the second test remained negative.
The PCRs for Anaplasma/Ehrlichia spp. (V1 hypervariable region of the 16S rRNA gene), Babesia/
Theileria spp. (V4 hypervariable region of the 18S rRNA gene), and Rickettsia spp. (hypervariable region
of the 16S rRNA gene) were performed as described previously (27, 29, 76) with minor differences: no
uracil DNA glycosylase (UDG) was used, and during the touchdown cycles the annealing temperature
was lowered by 1°C per cycle from 67°C to 57°C instead of 2°C every two cycles. In addition, results of
a PCR targeting the 23S-5S IGS of Rickettsia spp. (28) were compared with those of the Rickettsia PCR
described above; results were interpreted in the same way as for B. burgdorferi sensu lato.
C. burnetii was detected using primers and a speciﬁc probe described previously (77, 78). PCR
ampliﬁcation reactions were as follows: 98°C for 30 s and then 45 cycles of 5 s at 98°C, 5 s at 60°C, and
10 s at 72°C, followed by a ﬁnal step at 72°C for 30 s. An overview of the primers and RLB probes used
in this study is provided in Table 3.
Comparison of methods for B. burgdorferi sensu lato and Rickettsia spp. RLBs. We compared the
different methods with regard to sensitivity for certain strains and the results of the tick screening.
In the case of B. burgdorferi sensu lato, two RLBs based on the 5S-23S IGS region have been published,
the main difference being the primer pair used for ampliﬁcation. One set of primers was derived from
a report by Rijpkema et al. (24), the other was designed by Alekseev et al. a few years later (25). As both
primer pairs span similar regions on the 5S-23S IGS, the same RLB probes could be used for the
identiﬁcation of positive samples. For determination of test sensitivity, the following strains were used:
B. burgdorferi sensu stricto (in-house isolate Lenz from human heart [79]), B. afzelii (in-house isolate H2
from human skin), B. garinii (in-house isolate H4 from human skin), B. valaisiana (VS116), and B. lusitaniae
(PotiB2). Strains VS116 and PotiB2 were obtained from the National Reference Centre for Borrelia in
Oberschleißheim, Bavaria, Germany (courtesy of Volker Fingerle). Strains were grown in modiﬁed BSK-2
medium (80), and DNA was extracted from 3 ml of a late-logarithmic-phase culture using the Qiagen
DNeasy blood and tissue kit (Qiagen, Hilden, Germany). Sensitivity was determined by testing a 10-fold
dilution series (10⫺2 ng to 10⫺7 ng total borrelial DNA) of the above-mentioned strains in triplicate. Initial
dilutions were made in PCR-grade H2O and spiked with 100 ng of Borrelia-free tick DNA to resemble real
tick samples that might contain PCR inhibitors. In addition, we evaluated whether coinfections with
multiple B. burgdorferi sensu lato strains inﬂuenced the tests and whether one of the primer pairs gave
an advantage in detection of those. For this, we used the same dilution series as described above and
spiked them with 10⫺2 ng DNA of a randomly selected other strain (Table 5).
For Rickettsia spp., two completely independent RLBs have been published, one based on the highly
conserved 16S rRNA gene (27) and the other based on the more variable 23S-5S IGS region of Rickettsia
spp. (28). The sensitivities of the two available RLBs were tested using R. raoultii strain Jongejan cultured
as described previously (81) in BME/CTVM2 tick cells (82) provided by Lesley Bell-Sakyi (The Tick Cell
July 2017 Volume 83 Issue 13 e00489-17
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Biobank, The Pirbright Institute, United Kingdom). DNA was extracted from 200 l infected tick cell
culture (Qiagen blood and tissue kit; Qiagen, Hilden, Germany), and the concentration was measured in
a NanoDrop ND-1000 spectrophotometer (Thermo Scientiﬁc, Vienna, Austria). A dilution series in
PCR-grade H2O from 100 ng to 10⫺6 ng spiked with 100 ng Rickettsia-free tick DNA was used for
comparing the two RLBs. The extracted DNA represented a mixture of R. raoultii and host cell DNA,
reﬂecting the intracellular life style of Rickettsia spp. A qPCR based on the single-copy chromosomal
citrate synthase gene (gltA) (83) was therefore used for determination of the genome equivalents of
Rickettsia spp. present in a deﬁned quantity of DNA extract. First, we used a conventional PCR with the
qPCR primers CS-5 and CS-6 (83) and cloned the ampliﬁed 147-bp fragment, after PCR puriﬁcation
(QIAquick PCR puriﬁcation kit; Qiagen, Hiden, Germany), into a pJET1.2/blunt cloning vector (CloneJET
PCR cloning kit; Thermo Scientiﬁc). Cloning was performed according to the manufacturer’s instruction
with DH5␣ cells, and plasmids were extracted using the GeneJET plasmid miniprep kit (Thermo Fisher
Scientiﬁc, Vienna, Austria). The plasmids were checked by sequencing (Microsynth, Vienna, Austria) for
the presence of the correct insert. In a second step, the qPCR was performed using deﬁned numbers of
plasmids (105 to 10⫺1 plasmids per PCR) in triplicate to generate a standard curve. Some modiﬁcations
to the original qPCR of Labruna et al. (83) were made. We used 10 l GoTaq probe qPCR master mix
(Promega, Mannheim, Germany) in a total reaction volume of 20 l, primers CS-5 and CS-6 at ﬁnal
concentrations of 500 nM each, a ﬂuorogenic probe (5= 6-FAM-CAT TGT GCC ATC CAG CCT ACG
GT-TAMRA-3=) at a ﬁnal concentration of 250 nM, 0.25 l CXR reference dye (Promega) per reaction, 6.5
l molecular-grade H2O (Promega), and ﬁnally 2 l template. The qPCR was run in a QuantStudio 5
real-time PCR system (Thermo Fisher Scientiﬁc, Vienna, Austria) with the following program: 95°C for 2
min, followed by 50 cycles of 95°C for 15 s and 50°C for 1 min. A diluted DNA extract of R. raoultii in a
total of 1 ng DNA (including host cell DNA) per qPCR (in triplicate) was used to determine the copy
number of the rickettsial gltA gene according to the standard curve generated.
PCR-RLB controls. For quality control during tick screening, DNA extracts of bacteria (in-house
culture of B. burgdorferi sensu stricto from tick pool; R. helvetica DNA from Ingenetix, Vienna, Austria) or
pathogen-positive ticks/samples (A. phagocytophilum, “Candidatus Neoehrlichia mikurensis,” B. canis, C.
burnetii) were used in every PCR and RLB. Nontemplate controls were included in the PCRs and RLBs to
ensure contamination-free processing of the samples.
Sequencing. Samples that produced a genus-speciﬁc signal on the RLB but no species-speciﬁc signal
were sequenced. Samples that were positive for genospecies detected for the ﬁrst time in Austria were
also sequenced to conﬁrm the results. PCRs were therefore repeated with nonbiotinylated primers. The
reaction volume of 25 l contained 5 l 5⫻ Phire reaction buffer, including 1.5 mM MgCl2 (Thermo Fisher
Scientiﬁc, Vienna, Austria), 400 nM dNTPs (Solis Biodyne, Tartu, Estonia), 400 nM each primer, 0.5 U Phire
II Polymerase (Thermo Fisher Scientiﬁc, Vienna, Austria), PCR-grade H2O (Sigma-Aldrich, Darmstadt,
Germany), and 2.5 l template. Amplicons were puriﬁed using the QIAquick PCR puriﬁcation kit or the
Qiagen gel extraction kit (Qiagen, Hilden, Germany) and sent for bidirectional sequencing to Euroﬁns
Genomics GmbH (Ebersberg, Germany). The obtained sequences were aligned and analyzed using CLC
Main Workbench (CLC Bio, version 7.6) and BLAST provided by the NCBI (http://blast.ncbi.nlm.nih.gov/
Blast.cgi).
Statistics. The collected data set was analyzed using IBM SPSS 19.0 software. Differences within
nominal categories (e.g., life stage of tick and infection rate, coinfections with pathogens) were
calculated using Fisher’s exact test or Pearson’s chi-square test. Two-tiered P values of ⬍0.05 for a 95%
conﬁdence interval were considered signiﬁcant. McNemar’s test for paired nominal data was used for
comparison of two different methods applied to the same sample size (e.g., tests for B. burgdorferi sensu
lato and Rickettsia spp.). Results were considered signiﬁcant if P was ⬍0.05.
Accession number(s). We submitted the sequences obtained in this study to GenBank under the
following accession numbers: KX161763 (R. raoultii 16S rRNA gene), KX161764 (Babesia venatorum 18S
rRNA gene), KX161765 [Theileria (Babesia) microti 18S rRNA gene], KX161766 (R. slovaca 23S-5S IGS),
KX161767 (R. monacensis 16S rRNA gene), KX161768 (R. monacensis 23S-5S IGS), and KX161769 (R. raoultii
23S-5S IGS).
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