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The aim of this prospective study was to assess the
risk for tickborne infections after a tick bite. A total of
489 persons bitten by 1,295 ticks were assessed for
occurrence of infections with Borrelia burgdorferi sensu
lato, Anaplasma phagocytophilum, Rickettsia spp., Ba-
besia spp., Candidatus Neoehrlichia mikurensis, and
relapsing fever borreliae. B. burgdorferi s.l. infection
was found in 25 (5.1%) participants, of whom 15 had
erythema migrans. Eleven (2.3%) participants were
positive by PCR for Candidatus N. mikurensis. One
asymptomatic participant infected with B. miyamotoi
was identified. Full engorgement of the tick (odds ratio
9.52) and confirmation of B. burgdorferi s.l. in the tick
by PCR (odds ratio 4.39) increased the risk for infec-
tion. Rickettsia helvetica was highly abundant in ticks
but not pathogenic to humans. Knowledge about the
outcome of tick bites is crucial because infections with
emerging pathogens might be underestimated because
of limited laboratory facilities.

Ticks are vectors for a variety of tickborne patho-
gens that cause human disease (1). The diversity
of tickborne pathogens has increased extensively in
recent years, supported by progress in the molecular
identification of microorganisms (2). Clinical studies
on the health-related impact of many emerging tick-
borne pathogens are scarce and information on the
epidemiology is limited.

We undertook a comprehensive observational
study in Austria to assess the incidence of recognized
tickborne infections by applying clinical, serologic, and
microbiological endpoints. We conducted a detailed
risk analysis of contracting Lyme borreliosis. Our objec-
tive was to investigate whether variables such as confir-
mation of Borrelia burgdorferi sensu lato in ticks, duration
of tick attachment, engorgement of ticks, and number of
simultaneous tick bites have an impact on the risk for
infection. Furthermore, we wanted to know whether the
localization of a given tick bite and any previous contact
with B. burgdorferi s.1. can affect this risk.

Methods

Participants were enrolled prospectively during
2015-2018 at 2 centers in Austria (Vienna and Thier-
see). The invitation to participate was announced in
the local media. The analysis focused on infections
with tickborne pathogens including B. burgdorferi
s.l., Anaplasma phagocytophilum, Rickettsia spp., Ba-
besia spp., Candidatus Neoehrlichia mikurensis, and
relapsing fever borreliae. The study was approved
by the ethics committee of the Medical University of
Vienna (1064/2015) and of the Medical University of
Innsbruck (AN2016-0043-359/4.16). Participants pro-
vided written informed consent.
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Inclusion/Exclusion Criteria

Inclusion criteria were a minimum age of 18 years and
the availability of the particular tick for testing. Per-
sons bitten >7 days before assessment were excluded.

Questionnaire

A standardized questionnaire was used to collect
information concerning tick bite location, history
of erythema migrans, antimicrobial drug treatment
within 4 weeks before the tick bite, estimated dura-
tion of tick attachment, number of ticks removed,
and possible geographic region of tick attack. The
feeding duration of the tick was reported in days by
the difference of the estimated date of the tick bite
and the date of tick removal.

Outcome Definition

Serologic testing and PCR for blood were conducted
during the first week after the removal of the tick,
with a follow-up scheduled 6 weeks thereafter. We
defined infection as >1 of the following: occurrence
of erythema migrans diagnosed by a medical pro-
fessional (M.M. or D.H.), increase in Borrelia-specific
antibodies in follow-up samples, and presence of the
microorganism determined by PCR in the initial or
follow-up blood samples.

Laboratory Analyses

Laboratory analyses were conducted at the Institute
of Hygiene and Applied Immunology in Vienna. An
experienced technician (A.-M.S.) identified ticks mor-
phologically. If identification was inconclusive, we
used molecular methods. Ten percent of the random-
ly selected Ixodes ricinus ticks underwent molecular
identification to confirm the identification procedure.
We documented the developmental stage of the ticks
and recorded engorgement levels as not engorged,
partially engorged, or fully engorged.

We extracted DNA from the ticks as described (2).
Molecular identification of ticks was conducted by us-
ing the mitochondrial 165 rRNA gene (3), 12S rDNA
gene (4), internal transcribed spacer 2 region (5), or
cytochrome c oxidase subunit 1 gene (6). PCR prod-
ucts were purified and sent to Microsynth (https://
www.microsynth.at) for bidirectional sequencing.

Molecular detection of B. burgdorferi s.1.; Rickettsia
spp.; Anaplasma/ Ehrlichia spp., including Candidatus
N. mikurensis, Babesia spp., and Coxiella burnetti; was
performed by using reverse line blot (RLB) hybrid-
ization (2). Sequencing was conducted if RLB failed
to yield a species-specific signal. When Rickettsia spp.
could not be identified by sequencing the 235-5S in-
tergenic spacer region used for RLB (7), we conducted
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additional PCRs specific for the gltA gene (8,9). We
used real-time PCRs to detect B. miyamotoi (10) and,
in addition to RLB hybridization, for Candidatus N.
mikurensis (11).

Molecular Analysis of Blood

We screened extracted DNA from blood containing
EDTA for tickborne pathogens by using real-time
PCR. The pathogens screened were B. burgdorferi s.1.
(12), Rickettsia spp. (12), relapsing fever borreliae (12),
A. phagocytophilum (13), B. miyamotoi (10), and Candi-
datus N. mikurensis (11).

Serologic Testing

We assessed infections with B. burgdorferi s.1. by com-
paring ELISA values for IgM and IgG at the first and
the follow-up tests. The increase in antibody levels
was observed when the first sample yielded a nega-
tive result by using the cutoff value provided by
the manufacturer and the result was positive in the
follow-up sample. For specimens with a value above
the cutoff value in the initial sample, we defined the
infection as a 25% increase. Positive and borderline
ELISA results were confirmed by using immunob-
lot (Anti-Borrelia-EUROLINE-RN-AT; Euroimmun,
https:/ /www.euroimmun.com).

During this study, a change of test systems was nec-
essary because of withdrawal of systems from the mar-
ket. A Borrelin ELISA (Medac, https://international.
medac.de) was used until the end of May 2018, fol-
lowed by Anti-Borrelia-plusVIsE-ELISA (Euroimmun)
after June 2018. In the instance that the first and the
follow-up serum samples were analyzed by different
ELISAs, we used a paired sample for retesting with the
new ELISA.

We performed serologic testing for other tick-
borne pathogens by applying the following commer-
cial tests: A. phagocytophilum and Rickettsia IgG immu-
nofluorescence assays (Focus Diagnostics, https://
www.focusdx.com) and the Weil-Felix agglutination
assay (DiaMondiaL, https://www.diamondial.com)
as an additional serologic test able to detect infections
with Rickettsia spp. Infections were defined as a 4-fold
change in the titer.

Determination of Sample Size

Human infection rates for B. burgdorferi s.1. after tick
bites have been reported to be 2%-5% (14,15). Be-
cause high endemicity can be assumed for the cov-
ered regions, we determined the sample size on the
basis of an upper limit of 5%. To have a power of
80% to detect an effect associated with an odds ra-
tio (OR) >2, and considering covariates with a com-
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bined R? of 25%, a total of 411 participants were con-
sidered necessary to provide statistical significance
at the (2-sided) 5% level.

Statistical Analysis

Because many participants had >1 tick on >1 occa-
sion, we considered only ticks brought at the time of
infection for infected persons. For noninfected per-
sons who had >1 visit, 1 visit was chosen randomly,
and the tick removed on that occasion was used for
analysis. Similarly, if several ticks were available for
the visit, 1 tick was randomly selected unless 1 of
them was infected.

Preliminary comparisons of Borrelig-infected and
noninfected participants were performed by using the
Mann-Whitney test for metric data. We used the Fisher
exact probability test for dichotomous data and the Fish-
er-Freeman-Halton test for categorical data. These data
are reported as mean + SD and median (interquartile
range) with absolute and percent frequencies. Multiple
logistic regression analysis was conducted to assess the
risk for infection associated with attributes of the ticks,
taking the age and sex of the participants into account.
Seven persons did not complete follow-up testing and
were excluded from the analyses. No imputation for
missing data was applied. All analyses were performed
by using Stata 13.1 (StataCorp LLC, https:/ /www.stata.
com).

Results

Study Population

A total of 489 participants were included in the study,
of whom 7 were unavailable for follow-up. The num-
ber of ticks removed by the participants was 1,295.
The final total of 482 study participants (255 women
and 227 men) had a mean age of 49 years (range 19-83
years) and had been bitten by 1,279 ticks. A total of
433 (89.8%) participants were enrolled in Vienna and
49 (10.2%) were enrolled in Tyrol. At baseline, 120
(24.9%) participants were seropositive for Borrelia an-
tibodies, 39 (8.1%) for A. phagocytophilum antibodies,
and 13 (2.7%) for Rickettsia spp. antibodies. The mean
time interval between the baseline and the follow-up
test was 47 days (range 21-147 days).

Ticks Obtained from Participants
A total of 96% of the tick bites occurred in Austria.
Most ticks were removed during the months of June
(338, 26.4%) and May (303, 23.7%), followed by July
(227,17.7%) and August (115, 9.0%).

Of the 1,279 ticks, 1,277 (99.8%) were I. ricinus.
The 2 remaining ticks were H. concinna and a nymphal
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Haemaphysalis sp. tick imported from Cambodia. The
most common developmental stage was the nymph-
al stage (922 ticks, 72.1%) followed by larvae (241
ticks, 18.8%), and adults (112 ticks [103 females and
9 males], 8.8%). For 4 ticks (0.3%), it was not possible
to identify the developmental stage, but I. ricinus was
confirmed by PCR.

We compiled an overview of tick collection (Figure
1). Of the 482 participants, 139 persons collected >1 tick.
The highest number of ticks per person was 163. Near-
ly half of the ticks were removed on the first day (629,
49.2%) (Figure 2).

Molecular Screening of Ticks

B. burgdorferi s.l.was detected in 15.2% (194/1,279) of
all ticks. The most common genospecies was B. afzelii
in 66.5% (129/194), followed by B. garinii/ B. bavarien-
sis in 16.5% (32 ticks), B. burgdorferi sensu stricto in
7.7% (15 ticks), and other Borrelia spp. in 11.3% (22
ticks). Co-infections with >1 genospecies were detect-
ed in 4 ticks.

Rickettsia spp. was the second most frequent
organism with 9.4% (120/1,279), and R. helveti-
ca represented 86.7% (104/120) of all Rickettsia-
positive ticks, followed by R. monacensis in 8 ticks
(6.7%). Eight Rickettsia-positive samples yielded
only genus-specific signals on the RLBs. Presence of
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Candidatus R. mendelii was confirmed by sequenc-
ing 4 of these ticks. Two were new species accord-
ing to phylogenetic guidelines (16), of which 1 be-
longed to the spotted fever group Rickettsiae (17). For
the remaining 2 Rickettsia-positive ticks, the species
could not be identified. We provide an overview of
the tickborne pathogens detected in the different life
stages of the ticks (Table 1).

Of the 1,279 ticks included in the study, 380 (29.7 %)
harbored >1 tickborne pathogen. Dual infections with
organisms of different genera occurred in 48 ticks
(3.8%). Seven ticks (0.6%) harbored 3 different genera.

Human Infection
Borrelia infection was found in 25 (5.1%) participants.
Fifteen patients had erythema migrans, of whom 9
also showed an increase in Borrelia-specific antibodies
in the follow-up sample. All instances of erythema mi-
grans except 1 were localized at the site of the tick bite.
Moreover, in 10 persons, evidence of Borrelia infection
was found by serologic testing, and these persons did
not have erythema migrans or any other symptoms.
Demonstration of B. burgdoferi s.1. by PCR in the blood
was successful in only 1 participant who had erythema
migrans in an early stage. Infection with B. burgdorferi
s.l. occurred twice in 2 participants. One woman had
an erythema migrans twice within 4 months. Another

Figure 1. Number of ticks

per study participant in study

of infections with tickborne

pathogens after tick bite,
Austria, 2015-2018.

343

No. participants, n =482
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woman had an asymptomatic infection, followed by
erythema migrans 3 weeks later. She had been bitten
by 11 ticks and showed seroconversion. Thereafter, she
had another tick bite, which caused also erythema mi-
grans around the bite. Antimicrobial drugs were given
to patients who had erythema migrans but not to those
who had asymptomatic infections.

With regard to other infections, 11 (2.3%) partici-
pantswere positivefor CandidatusN.mikurensis. These
participants reported no symptoms. For 3 partici-
pants, the presence of Candidatus N. mikurensis was
identified at the first visit, as well as at the follow-up
tests. The time intervals between the examinations
for these 3 participants were 41, 44, and 86 days.

Table 1. Tickborne pathogens detected in different life stages of ticks after tick bite, Austria, 2015-2018

Tick life stage

Pathogen or tick Adult females  Adult males  Nymphs Larvae  Not identified  Total
Borrelia burgdorferi sensu lato 29 3 159 1 2 194
B. afzelii 10 1 115 1 2 132
B. garinii/B. bavariensis 7 1 24 0 0 32
B. burgdorferi sensu stricto 3 0 12 0 0 15
B. valaisiana 5 1 8 0 0 14
B. lusitaniae 1 0 1 0 0 2
B. spielmanii 3 0 3 0 0 6
Co-infections 0 0 4 0 0 4
Rickettsia spp. 14 0 69 37 0 120
R. helvetica 12 0 56 36 0 104
R. monacensis 1 0 6 1 0 8
Candidatus R. mendelii 1 0 3 0 0 4
New endosymbiont 0 0 1 0 0 1
Candidatus R. thierseensis 0 0 1 0 0 1
Not identified 0 0 2 0 0 2
Anaplasmataceae
Candidatus Neoehrlichia mikurensis 5 1 46 1 1 54
Anaplasma phagocytophilum 1 0 29 0 0 30
Babesia spp. 3 0 20 5 0 28
B. microti 3 0 18 0 0 21
B. divergens 0 0 1 0 0 1
B.. venatorum 0 0 1 5 0 6
Relapsing fever borreliae
B. miyamotoi 1 0 20 2 1 24
1052 Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 27, No. 4, April 2021



One study participant was positive for B. miyamo-
toi by PCR but reported no signs or symptoms. No
infections with A. phagocytophilum or Rickettsia spp.
were documented. No infections with C. burnettii or
Babesia spp. were found by PCR; however, serologic
testing was not used for these infections.

Risk for Infection with B. burgdorferi s.l.

We compared the demographic and other variables
between the participants with Borrelia infection and
noninfected participants (Table 2). In a multivariate
model, the tick engorgement levels (OR 9.52) and con-
firmation of B. burgdorferi s.. in ticks (OR 4.39) showed
a major increase in the risk for infection (Table 3).

We also compared the differences in the distri-
bution of ticks co-infected with multiple pathogens
that had bitten participants with and without Borrelia
infection. Of 37 ticks detached by 25 Borrelia-infected
participants, 4 (10.8%) harbored >1 pathogen, where-
as among 1,242 ticks from the noninfected group, 56
(4.5%) carried multiple pathogens (p = 0.07).

Discussion
We investigated 482 persons bitten by ticks for the
occurrence of bacterial tickborne infections and

Infections with Tickborne Pathogens, Austria

Babesia spp. We demonstrated a high incidence of
infections with the emerging pathogen, Candidatus
N. mikurensis. Furthermore, our data clearly show
that R. helvetica, though highly abundant in ticks in
Austria, does not pose a risk for human health. We
also conducted a detailed risk analysis for contract-
ing Lyme borreliosis by analyzing numerous demo-
graphic and clinical parameters. This knowledge is
needed for further research on the efficacy of specific
interventions for preventing Lyme borreliosis, such
as local or systemic antimicrobial drug prophylaxis
after tick bite (18).

The risk for contracting Borrelia infection was
5.1%, which is consistent with published data for the
Netherlands and Sweden (14,15), despite a different
frequency of B. burgdorferi s.l. in ticks (15.2%) com-
pared with previous reports (26% and 29.3%). This
finding might be explained by the fact that more lar-
vae were removed during the current study. I. rici-
nus larvae do not harbor B. burgdorferi s.l. because
of lack of transovarial transmission of this pathogen.
An investigation of ticks collected from vegetation
throughout Austria showed that 25% of ticks were
positive for Borrelia spp. (2), but no larvae were ana-
lyzed. Because male adult I. ricinus ticks rarely feed

Table 2. Comparison of persons infected and not infected with Borrelia burgdorferi sensu lato after tick bite, Austria, 2015-2018*

Not infected, n = 457

Infected, n = 25

Variable No. or mean + SD Median, % (IQR) No. or mean + SD Median, % (IQR) p value
Sex
M 214 46.8 12 48.0 1.000
F 243 53.2 13 52.0 NA
Age, y 48.7 £ 14.5 48.5 (36.8-59.1) 524 +14.0 54.0 (42.9-58.6) 0.216
Use of repellent 17 3.7 2 8.0 0.258
No. ticks 1.3+1.2 1.0 (1.0-1.0) 24+38 1.0 (1.0-2.0) <0.001
Time, tick bite to blood test, dt 43+4.0 4.0 (2.0-6.0) 39+21 3.0 (2.0-5.0) 0.645
Duration of tick attachment, d 1.0+29 1.0 (0.0-2.0) 1.2+1.2 1.0 (0.0-2.0) 0.668
Tick location
Left leg 119 26.0 15 60.0 <0.001
Right leg 130 284 13 52.0 0.022
Left arm 53 11.6 6 24.0 0.106
Right arm 55 12.0 4 16.0 0.530
Head/neck 21 4.6 1 4.0 1.000
Abdomen/chest 71 15.5 4 16.0 1.000
Genital/pelvic area 111 24.3 5 20.0 0.811
Back 46 10.1 4 16.0 0.314
Antimicrobial drugt 30 6.6 0 0.0 0.39
PCR positive 62 13.6 11 44.0 <0.001
1gG§ 57 125 6 24.0 0.08
IgM§ 30 6.6 2 8.0 0.58
IgG and IgM§ 23 5.0 2 8.0 0.37
History of erythema migrans 84 18.0 8 32.0 0.15
Tick engorgement
None 180 39.5 4 16.0 <0.001
Slightly/partially 219 48.0 10 40.0 NA
Fully 57 12.5 11 44.0 NA

*IQR, interquartile range; NA, not applicable.
1Time between tick bite and first blood test.
FReceived within 4 weeks before tick bite.

§Presence of Borrelia-specific antibodies at the first visit.
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Table 3. Multiple logistic regression analysis for assessing risk
for infection with Borrelia burgdorferi sensu lato after tick bite,
Austria, 2015-2018*

Parameter p value OR (95% CI)
Sex 0.818 0.90 (0.38-2.15)
Age 0.662 1.01 (0.98-1.04)
No. ticks 0.048 1.18 (1.00-1.39)
Tick PCR positive for B. 0.001 4.39 (1.78-10.84)
burgorferi
Tick engorgement
Fully <0.001 9.52 (2.79-32.45)
Slightly/partially 0.229 2.09 (0.63-6.98)
Not engorged NA 1 (NA)

*NA, not applicable; OR, odds ratio.

on humans, only 9 of 112 adult ticks detached by
study participants were male.

The presence of Borrelia in ticks and the level
of tick engorgement were the major predictors of
infection. However, we did not find a correlation
between infection and the time of attachment re-
ported by the participants. Clinical trials on the re-
lationship between infection risk and duration of
tick feeding are scarce, and results are contradic-
tory (14,15). Inconsistency might be attributed to
the fact that self-assessment of the duration of tick
attachment might be imprecise. We assume that if
more granular time intervals (e.g., in hours instead
of days) had been applied in our study, the results
might have been different, particularly for the large
group of persons who had removed their ticks
within the first 24 hours (*50% of the ticks in this
study). Transmission of B. burgdorferi s.1. can occur
<24 hours from tick attachment (14,19). Our study
demonstrates that morphologic evaluation of tick
engorgement is more reliable as a predictor for risk
of infection. The risk was 10 times higher for fully
engorged ticks than for nonengorged ticks. Lim-
ited correlation between self-reported duration of
tick attachment and level of engorgement has
been reported (20).

Our data suggest that a history of erythema mi-
grans and presence of antibodies do not avert fur-
ther Borrelia infections. The frequency of participants
who had been seropositive at baseline and of those
who had previous erythema migrans was higher in
the infected group (Table 2). Although not statisti-
cally significant, these results suggest greater expo-
sure to ticks.

Among other tickborne pathogens, Candidatus
N. mikurensis was the most frequent agent iden-
tified in blood containing EDTA, and 2% of the
participants had an asymptomatic infection with
this emerging pathogen. Infection with Candidatus
N. mikurensis can have a severe clinical picture.
Life-threatening complications can occur not only
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for immunocompromised patients but also for im-
munocompetent patients (21,22). The pathogen
was detected in blood samples of patients who had
erythema migrans-like rashes in Norway; a total
of 70 symptomatic patients were tested, and the
pathogen was found in 10% of the patients (23).
Asymptomatic infections are rare and they have
been reported in healthy foresters from Poland
(24), but no prospective data on the risk for acquir-
ing the infection after tick bites are available. For
3 persons, we detected the pathogen in 2 consecu-
tive samples. In 1 of these persons, the first positive
sampling occurred during October, and the follow-
up was performed 86 days later in January. Because
no tick bites were documented in this study dur-
ing the months of December-February, this finding
suggests a long persistence of the pathogen in the
blood in the absence of symptoms. However, there
are no comparable reports on the persistence of
Candidatus N. mikurensis in a human host.

B. miyamotoi is transmitted uniquely by Ixodes
ticks and is an emerging pathogen causing febrile
illness and meningitis in immunocompromised pa-
tients (25,26). With a prevalence of 2% in ticks, we
expected a low incidence of infections in humans. We
detected this spirochete in a healthy 79-year-old man.
The incidence for infections with A. phagocytophilum
was low, which corresponds to observations from
Scandinavian countries (27). We did not document
any case despite a relatively high level of background
seroprevalence at study inclusion (8%). Severe cases
of human granulocytic anaplasmosis sporadically oc-
cur in Austria (28), and a larger sample size might be
necessary to detect such cases.

Rickettsia spp. was found in 9.4% of the ticks in
our study. However, we did not identify any infec-
tions by using serologic or molecular methods. No
study participant showed development of clinical
signs of rickettsial infection, such as skin eschars or
lymphadenopathy. The dominating species in ticks
from Austria was R. helvetica, and only a few infec-
tions with this organism have been reported world-
wide, suggesting its low pathogenicity (16,29).

We identified Candidatus R. mendelii in 4
ticks. This novel organism was initially iden-
tified in the Czech Republic during 2016 (30).
Extensive data on its geographic distribution
are missing. We also detected a new Rickett-
sia sp. of the spotted fever group in a tick from
Tyrol, Austria (17).

We did not exclude patients who had received
previous antimicrobial drug treatment. A total of 23
of these patients received antimicrobial drugs that
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were active against tickborne pathogens starting 4
weeks before enrollment. Six participants were re-
ceiving antimicrobial drugs at study inclusion, and
the time point for antimicrobial drug treatment was
not known exactly for 7 participants. Two partici-
pants were receiving immunosuppressive treatment.
For persons with multiple tick bites in the noninfect-
ed group, we randomly selected 1 tick for risk analy-
sis because it would otherwise have been difficult to
calculate a regression model. Finally, for some patho-
gens, we used PCR only to identify infections without
additional serologic testing, including that for Babesia
spp. and B. miyamotoi. Because of a low prevalence of
these pathogens in ticks, it is unlikely that we would
have found a substantial amount of infections by us-
ing serologic methods.

Acknowledgments
We thank Katharina Grabmeier-Pfistershammer and Julia
Parzinger for their help in enrolling the study participants.

About the Author

Dr. Markowicz is a medical specialist in general medicine
and hygiene and microbiology at the Medical University of
Vienna, Vienna, Austria. He is also an unpaid member of
the Executive Committee of the European Society of Clini-
cal Microbiology and Infectious Diseases Study Group on
Lyme Borreliosis. His primary research interests are Lyme
borreliosis and other bacterial tickborne diseases.

References

1. Stanek G, Wormser GP, Gray ], Strle F. Lyme borreliosis.
Lancet. 2012;379:461-73. https:/ /doi.org/10.1016/
50140-6736(11)60103-7

2. Schotta A-M, Wijnveld M, Stockinger H, Stanek G.
Approaches for reverse line blot-based detection of
microbial pathogens in Ixodes ricinus ticks collected in
Austria and impact of the chosen method. Appl Environ
Microbiol. 2017;83:e00489-17. https:/ /doi.org/10.1128/
AEM.00489-17

3. Black WC1V, Piesman J. Phylogeny of hard- and soft-tick
taxa (Acari: Ixodida) based on mitochondrial 165 rDNA
sequences. Proc Natl Acad Sci U S A. 1994;91:10034-8.
https:/ /doi.org/10.1073 / pnas.91.21.10034

4. Beati L, Keirans JE. Analysis of the systematic relationships
among ticks of the genera Rhipicephalus and Boophilus
(Acari: Ixodidae) based on mitochondrial 12S ribosomal
DNA gene sequences and morphological characters.
J Parasitol. 2001;87:32-48. https:/ /doi.org/10.1645/
0022-3395(2001)087[0032: AOTSRA]2.0.CO;2

5. Lv],WuS, Zhang Y, Chen Y, Feng C, Yuan X, et al.
Assessment of four DNA fragments (COI, 16S rDNA, ITS2,
12S rDNA) for species identification of the Ixodida (Acari:
Ixodida). Parasit Vectors. 2014;7:93. https:/ /doi.org/
10.1186/1756-3305-7-93

6. Chitimia L, Lin R-Q, Cosoroaba I, Wu XY, Song HQ,
Yuan ZG, et al. Genetic characterization of ticks from

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 27, No. 4, April 2021

10.

11.

13.

14.

15.

16.

17.

18.

Infections with Tickborne Pathogens, Austria

southwestern Romania by sequences of mitochondrial

cox1 and nad5 genes. Exp Appl Acarol. 2010;52:305-11.
https:/ /doi.org/10.1007/s10493-010-9365-9

Jado I, Escudero R, Gil H, Jiménez-Alonso MI, Sousa R,
Garcia-Pérez AL, et al. Molecular method for identification
of Rickettsia species in clinical and environmental samples.
J Clin Microbiol. 2006;44:4572-6. https:/ /doi.org/10.1128/
JCM.01227-06

Labruna MB, McBride JW, Bouyer DH, Camargo LM,
Camargo EP, Walker DH. Molecular evidence for a spotted
fever group Rickettsia species in the tick Amblyomma
longirostre in Brazil. ] Med Entomol. 2004;41:533-7.

https:/ /doi.org/10.1603 /0022-2585-41.3.533

Labruna MB, Whitworth T, Horta MC, Bouyer DH,
McBride JW, Pinter A, et al. Rickettsia species infecting
Amblyomma cooperi ticks from an area in the state of Sao
Paulo, Brazil, where Brazilian spotted fever is endemic.

J Clin Microbiol. 2004;42:90-8. https:/ /doi.org/10.1128/
JCM.42.1.90-98.2004

Reiter M, Schotta A-M, Miiller A, Stockinger H, Stanek G.
A newly established real-time PCR for detection of

Borrelia miyamotoi in Ixodes ricinus ticks. Ticks Tick Borne
Dis. 2015;6:303-8. https:/ /doi.org/10.1016/j.ttbdis.2015.
02.002

Silaghi C, Woll D, Mahling M, Pfister K, Pfeffer M.
Candidatus Neoehrlichia mikurensis in rodents in an area
with sympatric existence of the hard ticks Ixodes ricinus
and Dermacentor reticulatus, Germany. Parasit Vectors.
2012;5:285. https:/ / doi.org/10.1186/1756-3305-5-285
Leschnik MW, Khanakah G, Duscher G, Wille-Piazzai W,
Horweg C, Joachim A, et al. Species, developmental stage
and infection with microbial pathogens of engorged ticks
removed from dogs and questing ticks. Med Vet Entomol.
2012;26:440-6. https:/ /doi.org/10.1111/
j-1365-2915.2012.01036.x

Pusterla N, Huder ]B, Leutenegger CM, Braun U,

Madigan JE, Lutz H. Quantitative real-time PCR for
detection of members of the Ehrlichia phagocytophila
genogroup in host animals and Ixodes ricinus ticks. ] Clin
Microbiol. 1999;37:1329-31. https:/ /doi.org/10.1128/
JCM.37.5.1329-1331.1999

Hofhuis A, Herremans T, Notermans DW, Sprong H,
Fonville M, van der Giessen JW, et al. A prospective study
among patients presenting at the general practitioner with
a tick bite or erythema migrans in The Netherlands. PLoS
One. 2013;8:e64361. https:/ /doi.org/10.1371/journal.
pone.0064361

Wilhelmsson P, Fryland L, Lindblom P, Sjowall J, Ahlm C,
Berglund J, et al. A prospective study on the incidence of
Borrelia burgdorferi sensu lato infection after a tick bite in Sweden
and on the Aland Islands, Finland (2008-2009). Ticks Tick Borne
Dis. 2016;7:71-9. https:/ / doi.org/10.1016/].ttbdis.2015.08.009
Fournier PE, Grunnenberger F, Jaulhac B, Gastinger G,
Raoult D. Evidence of Rickettsia helvetica infection in humans,
eastern France. Emerg Infect Dis. 2000;6:389-92.

https:/ /doi.org/10.3201/eid0604.000412

Schotta AM, Wijnveld M, Hoss D, Stanek G, Stockinger H,
Markowicz M. Identification and characterization of “Candida-
tus Rickettsia thierseensis”, a novel spotted fever group
Rickettsia species detected in Austria. Microorganisms.2020;8:
E1670. https:/ /doi.org/10.3390/ microorganisms 8111670
Schwameis M, Kiindig T, Huber G, von Bidder L, Meinel L,
Weisser R, et al. Topical azithromycin for the prevention of
Lyme borreliosis: a randomised, placebo-controlled, phase 3
efficacy trial. Lancet Infect Dis. 2017;17:322-9.

https:/ /doi.org/10.1016/S1473-3099(16)30529-1

1055



RES

19.

20.

21.

22.

23.

24.

25.

1056

EARCH

Nahimana I, Gern L, Blanc DS, Praz G, Francioli P,

Péter O. Risk of Borrelia burgdorferi infection in western
Switzerland following a tick bite. Eur ] Clin Microbiol
Infect Dis. 2004;23:603-8. https:/ /doi.org/10.1007/
$10096-004-1162-0

Sood SK, Salzman MB, Johnson BJ, Happ CM, Feig K,
Carmody L, et al. Duration of tick attachment as a
predictor of the risk of Lyme disease in an area in which
Lyme disease is endemic. ] Infect Dis. 1997;175:996-9.
https:/ /doi.org/10.1086/514009

Wenneras C. Infections with the tick-borne bacterium
Candidatus Neoehrlichia mikurensis. Clin Microbiol Infect.
2015;21:621-30. https:/ /doi.org/10.1016/j.cmi.2015.02.030
von Loewenich FD, Geissdérfer W, Disqué C, Matten J,
Schett G, Sakka SG, et al. Detection of “Candidatus
Neoehrlichia mikurensis” in two patients with severe

febrile illnesses: evidence for a European sequence variant.

J Clin Microbiol. 2010;48:2630-5. https://doi.org/10.1128/
JCM.00588-10

Quarsten H, Grankvist A, Hoyvoll L, Myre IB, Skarpaas T,
Kjelland V, et al. Candidatus Neoehrlichia mikurensis and
Borrelia burgdorferi sensu lato detected in the blood of
Norwegian patients with erythema migrans. Ticks Tick
Borne Dis. 2017;8:715-20. https:/ /doi.org/10.1016/
j-ttbdis.2017.05.004

Welc-Faleciak R, Siriski E, Kowalec M, Zajkowska J,
Pancewicz SA. Asymptomatic “Candidatus Neoehrlichia
mikurensis” infections in immunocompetent humans.

J Clin Microbiol. 2014;52:3072-4. https:/ /doi.org/10.1128/
JCM.00741-14

Platonov AE, Karan LS, Kolyasnikova NM, Makhneva NA,
Toporkova MG, Maleev VV, et al. Humans infected with
relapsing fever spirochete Borrelia miyamotoi, Russia. Emerg

Infect Dis. 2011;17:1816-23. https:/ /doi.org/10.3201/
eid1710.101474

26. Henningsson AJ, Asgeirsson H, Hammas B, Karlsson E,
Parke A, Hoornstra D, et al. Two cases of Borrelia miyamotoi
meningitis, Sweden, 2018. Emerg Infect Dis. 2019;25:1965-8.
https://doi.org/10.3201/id2510.190416

27. Henningsson AJ, Wilhelmsson P, Gyllemark P, Kozak M,
Matussek A, Nyman D, et al. Low risk of seroconversion or
clinical disease in humans after a bite by an Anaplasma
phagocytophilum--infected tick. Ticks Tick Borne Dis.
2015;6:787-92. https:/ / doi.org/10.1016/j.ttbdis.2015.07.005

28. Hoepler W, Markowicz M, Schoetta AM, Zoufaly A,
Stanek G, Wenisch C. Molecular diagnosis of autochthonous
human anaplasmosis in Austria: an infectious diseases case
report. BMC Infect Dis. 2020;20:288. https://doi.org/
10.1186/s12879-020-04993-w

29. TParola P, Paddock CD, Raoult D. Tick-borne rickettsioses
around the world: emerging diseases challenging old concepts.
Clin Microbiol Rev. 2005;18:719-56. https:/ /doi.org/
10.1128/CMR.18.4.719-756.2005

30. Hajduskova E, Literak I, Papousek I, Costa FB, Novakova M,
Labruna MB, et al. ‘Candidatus Rickettsia mendelii’, a novel
basal group rickettsia detected in Ixodes ricinus ticks in the
Czech Republic. Ticks Tick Borne Dis. 2016;7:482-6.
https:/ /doi.org/10.1016/].ttbdis.2016.02.004

Address for correspondence: Mateusz Markowicz, Institute for
Hygiene and Applied Immunology, Center for Pathophysiology,
Infectiology and Immunology, Medical University of Vienna,
Kinderspitalgasse 15, Vienna A-1090, Austria, email: mateusz.
markowicz@meduniwien.ac.at

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 27, No. 4, April 2021



