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Abstract

Background

Tick-borne diseases are the most prevalent vector-borne diseases in Europe. Knowledge
on the incidence and clinical presentation of other tick-borne diseases than Lyme borrelio-
sis and tick-borne encephalitis is minimal, despite the high human exposure to these patho-
gens through tick bites. Using molecular detection techniques, the frequency of tick-borne
infections after exposure through tick bites was estimated.

Methods

Ticks, blood samples and questionnaires on health status were collected from patients that
visited their general practitioner with a tick bite or erythema migrans in 2007 and 2008. The
presence of several tick-borne pathogens in 314 ticks and 626 blood samples of this cohort
were analyzed using PCR-based methods. Using multivariate logistic regression, associa-
tions were explored between pathogens detected in blood and self-reported symptoms at
enrolment and during a three-month follow-up period.

Results

Half of the ticks removed from humans tested positive for Borrelia burgdorferi sensu lato,
Anaplasma phagocytophilum, Candidatus Neoehrlichia mikurensis, Rickettsia helvetica,
Rickettsia monacensis, Borrelia miyamotoi and several Babesia species. Among 92 Borre-
lia burgdorferis. 1. positive ticks, 33% carried another pathogen from a different genus. In
blood of sixteen out of 626 persons with tick bites or erythema migrans, DNA was detected
from Candidatus Neoehrlichia mikurensis (n = 7), Anaplasma phagocytophilum (n = 5),
Babesia divergens (n = 3), Borrelia miyamotoi (n = 1) and Borrelia burgdorferis. . (n=1).
None of these sixteen individuals reported any overt symptoms that would indicate a corre-
sponding illness during the three-month follow-up period. No associations were found
between the presence of pathogen DNA in blood and; self-reported symptoms, with
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pathogen DNA in the corresponding ticks (n = 8), reported tick attachment duration, tick
engorgement, or antibiotic treatment at enrolment.

Conclusions

Based on molecular detection techniques, the probability of infection with a tick-borne path-
ogen other than Lyme spirochetes after a tick bite is roughly 2.4%, in the Netherlands. Simi-
larly, among patients with erythema migrans, the probability of a co-infection with another
tick-borne pathogen is approximately 2.7%. How often these infections cause disease
symptoms or to what extend co-infections affect the course of Lyme borreliosis needs fur-
ther investigations.

Author Summary

Two most common tick-borne diseases in Europe are Lyme borreliosis and tick-borne
encephalitis. Ticks transmit many more pathogens, causing neglected diseases such as ana-
plasmosis, babesiosis, rickettsiosis and neoehrlichiosis. These diseases are seldom diag-
nosed, due to their mild and non-characteristic symptoms, but also due to lack of
awareness and availability of diagnostic tests. Using molecular detection techniques (poly-
merase chain reaction or PCR), we estimated the frequency of tick-borne infections in
humans after a tick bite and in patients with the first symptoms of Lyme borreliosis, an
erythema migrans. About half of the ticks that fed on humans carried one or more tick-
borne pathogens, and approximately 2.5% of people that were bitten by ticks were infected
with a tick-borne pathogen other than Lyme borreliosis or tick-borne encephalitis. Co-
infections of a tick-borne pathogen in patients with an erythema migrans was also approx-
imately 2.5%. Based on these findings, we estimated the incidence of tick-borne infections
other than Lyme borreliosis in the Netherlands. How often these infections cause disease
or to what extend co-infections affect the course of Lyme borreliosis needs further
investigations.

Introduction

Lyme borreliosis is the most prevalent tick-borne disease in humans, and is caused by spiro-
chetes of the Borrelia burgdorferi sensu lato complex [1-3]. The most common clinical mani-
festation of early localized Lyme borreliosis is erythema migrans (EM), an expanding skin
lesion occurring after several days or weeks at the site of the tick bite. Other sporadically
reported symptoms in this early stage of disease are malaise and viral-like symptoms. Dissemi-
nated Lyme borreliosis displays more severe manifestations that can involve a patient’s nervous
system, joints, skin, and in rare cases the heart [1-3]. Tick-borne encephalitis (TBE) is the
most common tick-borne central nervous system infection caused by the tick-borne encephali-
tis virus (TBEV). Its clinical spectrum ranges from fever to mild meningitis and severe menin-
goencephalitis with or without paralysis [4].

In several European countries, there have been marked increases in the incidence of Lyme
borreliosis and TBE over the past ten to twenty years [5-7]. In the Netherlands, a retrospective
study among general practitioners has shown a continuing increase in consultations for tick
bites and EM between 1994 and 2009 [8, 9]. The increasing number of tick bites, adding up to
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1.1 million tick bites in 2009 [8], poses a growing risk of disseminated Lyme borreliosis and
perhaps also of other tick-borne diseases. In the Netherlands, Ixodes ricinus ticks transmit sev-
eral Borrelia burgdorferi s. 1. genospecies, but are also infected with a variety of established or
potentially pathogenic microorganisms, such as Borrelia miyamotoi, Anaplasma phagocytophi-
lum, Candidatus Neoehrlichia mikurensis, several Babesia species, Rickettsia helvetica, R. mon-
acensis and TBEV [10-15]. These ticks often carry multiple pathogens; at least one-third of the
I ricinus ticks carrying B. burgdorferi s. 1. are co-infected with one or more pathogens from a
different genus [12], implying frequent exposure and possibly subsequent infection with sev-
eral pathogens when humans are bitten by ticks.

Remarkably, little is known about the incidences and clinical presentations of other tick-
borne diseases than Lyme borreliosis and TBE. In general, disease caused by these other tick-
borne pathogens, are associated with febrile illnesses with fever, headache, myalgia and malaise
[16-21]. However, in immunocompromised patients chronic infections with severe clinical
manifestations and even mortality have been described [17, 18, 21, 22]. In the Netherlands, one
single case of anaplasmosis has been reported in 1999 [23], and one case of B. miyamotoi dis-
ease in an immunocompromised patient in 2012 [18]. It has been suggested that the severity of
disease in Lyme borreliosis is affected by co-infections with other tick-borne pathogens [24-
28]. Therefore, co-infections of B. burgdorferi s. 1. with different tick-borne pathogens may pos-
sibly contribute to the high variety of clinical manifestations that are associated with Lyme
borreliosis.

Several reasons can be appointed for the absence in reporting of tick-borne diseases other
than Lyme borreliosis and TBE, and the diagnosis of co-infections with other pathogens in
Lyme borreliosis patients. Firstly, most of these infections might be self-limiting without overt
or characteristic symptoms, often a clear-cut case definition of patients infected with one of
these pathogens has not been established yet. Secondly, a poor performance or non-existence
of supportive laboratory tests in routine medical microbiological settings. Thirdly, the lack of
awareness among health professionals.

Here, we aim to investigate i) whether infection with tick-borne pathogens other than B.
burgdorferi s. 1. can be shown in patients with early localized Lyme borreliosis and in people
exposed to tick bites in the Netherlands, and to determine ii) the clinical picture of patients
with DNA of tick-borne pathogens in their blood.

Our approach is to test for the presence of nucleic acid (DNA/RNA) of the specific patho-
gens in human blood through amplification with PCR, especially since currently; there is no
other specific laboratory diagnostic to detect infection with most of these tick-borne pathogens.
Compared to DNA amplification with PCR, available serological tests generally have a low
specificity and or sensitivity, particularly during the early phase of infection. In addition,
although culturing is considered the most reliable method in proving the presence of microor-
ganisms, it is time consuming, costly and often not possible for all pathogens.

Materials and Methods
Study design, ticks, human samples and questionnaires

Ticks, EDTA-blood and questionnaire data were available from a nationwide prospective
observational study among patients who consulted one of 307 enrolling general practitioners
for a tick bite or EM between May 2007 and December 2008 in the Netherlands, as described
in detail [29]. All participants gave written informed consent, all minors who participated in
the study had consent given from a parent/guardian, and the study protocol (number 07-032/
K) was approved by the medical ethics committee of the University Medical Centre in Utrecht,
the Netherlands. Patients were not eligible for participation when they were younger than six
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years of age, or when the tick bite had occurred outside the Netherlands. At enrolment, partici-
pants received the first set of study materials, containing a brochure about the study, an enrol-
ment questionnaire, and materials for collection and mailing of first blood samples and
removed ticks. Ticks removed from the skin were submitted in a small tube with 70% ethanol.
In total, 314 ticks were obtained from 293 participants, of which 278 patients consulted their
physician for a tick bite, and fifteen patients consulted their physician with an EM. Four ticks
(1%) were larvae, 167 (53%) nymphs, 135 (43%) adult ticks, and for eight ticks, the develop-
mental stage could not be determined, as they had been damaged too much during removal
from the patient’s skin. No other tick species than I. ricinus were identified. At enrolment, two
tubes of blood were collected, 7 ml in a serum tube and 5 ml in an EDTA tube. Three months
after enrolment, follow-up questionnaires and a consecutive 7 ml serum sample was collected
from the tick bitten patients and from the EM patients after standard antibiotic treatment [29,
30]. Seven patients who consulted their physician for a tick bite and in whom EM developed
within the three month follow-up duration of the prospective study, were categorized in EM
patient-group of the current study. EDTA-blood samples were available for molecular testing
from 335 tick bitten patients and 291 EM patients.

Tick analyses for detection of tick-borne pathogens

After arrival at the laboratory, ticks were stored at ~20°C in ethanol. DNA was extracted using
the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions extraction for ticks. After total DNA extraction from ticks and amplification by
PCR, reverse line blotting (RLB) was performed for Borrelia-, Ehrlichia-, Anaplasma-, Rickett-
sia- and Babesia-species. Further identification by DNA sequencing was performed as
described [11, 31]. PCR products that specifically reacted to the generic (“catch all”) probes,
but that could not be further specified to the (geno) species level were designated as “untype-
able”. Furthermore, our RLB analysis could not distinguish between B. garinii and B. bavarien-
sis [12]. The presence of B. miyamotoi in ticks was tested by a real-time PCR amplification in
302 ticks, and Candidatus Neoehrlichia mikurensis in 312 ticks. The presence of TBEV RNA
could not be screened in the tick samples, since only DNA had been extracted from these sam-
ples. Individual test results of the tick analyses were not reported to the participants or their
physicians, in accordance with the informed consent form.

Molecular analyses for detection of tick-borne pathogens in EDTA-blood

Extraction of whole nucleic acid of the EDTA-blood samples were performed using robot-
extraction (MagNA Pure Compact Extraction Robot; Roche, Basel, Switzerland) from 400 pL
of EDTA-plasma (Nucleic Acid Isolation Kit I; Roche) according to the manufacturer’s instruc-
tions in a diagnostic laboratory setting. All 626 samples were analyzed with different real-time
PCRs based on various genes specific for the microorganism of interest namely; B. burgdorferi
s. L., B. miyamotoi, A. phagocytophilum, Candidatus Neoehrlichia mikurensis, spotted fever
Rickettsia's carried out on a LightCycler 480 (Roche Diagnostics Nederland B.V, Almere, the
Netherlands). For primers and probes, see S1 Table (supplementary data). Reactions were
done in a final volume of 20 pl with iQ multiplex Powermix, 3 pl of sample and 0.2 uM for all
primers and different concentrations for probes. Positive plasmid controls and negative water
controls were used on every plate tested. For detection of TBEV, multiplex a reverse transcrip-
tion real-time PCR was performed as described before [32]. In brief, reactions were done in a
final volume of 20 ul with TagMan Fast Virus 1-Step Master Mix (Thermo Fisher scientific,
USA), 5 pl of sample and 0.2 uM for all primers and 0.2 uM probes (S1 Table) were added to
the master mix and internal control was added to all the samples. With 20 min reverse
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transcription step at 50°C, denaturation at 95°C for 30 s and 50 cycles of 95°C for 10 s and
60°C for 30 s. The amplification was performed on a Roche LightCycler 480 instrument. For
Babesia genospecies, we performed a conventional PCR targeting the 185 rRNA gene on all the
blood samples [11], followed by sequencing. To minimize cross contamination and false-posi-
tive results, negative controls were included in each batch tested by PCR. In addition, DNA/
RNA extraction, PCR mix preparation, sample addition, and PCR analyses were performed in
separated air locked dedicated labs. On all samples that were found positive in the real-time
PCR, conventional PCRs were performed for confirmation on one or more targets followed by
Tris-Borate-EDTA-agarose gel-electrophoresis. PCR products were sequenced, and these were
compared with reference sequences from Genbank using Unweighted Pair Group Method with
Arithmetic Mean-based (UPGMA) hierarchical clustering. Individual test results of these
molecular analyses on EDTA-blood were not reported to the participants or their physicians,
in accordance with the informed consent form.

Statistical analyses

The prevalence of microorganism DNA detection in ticks and in EDTA-blood was calculated
with 95% confidence intervals (95%CI) based on mid-P exact. Characteristics of persons with
or without DNA detected in blood by PCR were compared in Chi-square or Fisher’s exact test.
We looked for associations between DNA detected in EDTA-blood by PCR and DNA detected
in available ticks from the participants, tick engorgement, patient-reported tick attachment
duration, antibiotic treatment at enrolment, and patient-reported symptoms at enrolment and
after three months. Using multivariate logistic regression, we explored for associations between
DNA detected in blood by PCR and self-reported symptoms at enrolment and follow-up. All
reported clinical symptoms (at enrolment and follow-up) were included as predictive variables
in the multivariate logistic regression models, after which the models were optimized using
backwards elimination, until all predictive variables that were maintained in the model were
statistically significant contributors (p<0.05). Statistical analyses were performed with SAS 9.4
(SAS Inc.).

Results
Tick-borne pathogens in ticks removed from humans

Table 1 shows the number of DNA sequences of the pathogens detected in 314 ticks obtained
from 293 participants. Borrelia burgdorferi s.1. DNA was detected in 92 (29%) ticks, as pub-
lished earlier [29]. The ticks contained DNA of Candidatus Neoehrlichia mikurensis (5.4%), A.
phagocytophilum (1.0%), Rickettsia species (22%), Babesia species (3.5%). and B. miyamotoi
(2.3%). DNA of microorganisms of two or more genera were detected in 34 ticks (11%).
Among the 92 B. burgdorferi s. 1. positive ticks, 30 (33%) also carried a pathogen of a different
genus. About half of the ticks (149/314, 47%) tested negative for all genera.

Tick-borne pathogens in human EDTA-blood

Table 2 shows the prevalence of DNA detection of tick-borne pathogens in EDTA-blood sam-
ples of 335 tick bitten patients and 291 EM patients, using various (real-time) PCRs. Only one
(0.2%) of 626 blood samples tested positive for B. burgdorferis. 1. and one (0.2%) for B. miya-
motoi in the real-time PCRs multiplex, both with high Ct values. In another multiplex, five
blood samples (0.8%) were positive for A. phagocytophilum and seven (1.1%) for Candidatus
Neoehrlichia mikurensis. Three (0.5%) blood samples for Babesia genospecies yielded a
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Table 1. Detected DNA sequences in 314 ticks obtained from 293 participants. The results on B. burgdorferis. |. have been published by Hofhuis et al.

2013[29].
Detected DNA sequences
Borrelia burgdorferi sensu lato [29]
B. afzelii[29]
B. garinii[29]
B. burgdorferi senso stricto [29]
B. valaisiana [29]
Untypeable* Borrelia burgdorferi[29]
Borrelia miyamotoi
Babesia spp
B. microti
B. venatorum (B. EU1)
B. divergens
Ehrlichia spp / Anaplasma spp
A. phagocytophilum
Untypeable* Ehrlichia/ Anaplasma spp
Candidatus Neoehrlichia mikurensis
Spotted fever rickettsia’s
R. helvetica
R. monacensis
Untypeable* Rickettsia spp
Co-infections with B. burgdorferi sensu lato**
Babesia spp
Ehrlichia !/ Anaplasma spp
Candidatus Neoehrlichia mikurensis
Spotted fever rickettsia’s
Borrelia miyamotoi

n//N

92
36
11
7
4
36

o
Now o2 s o =N

- w | = o IN =
oO|lw oo = |o|o

21
1

/314
/314
/314
/314
/314
/314
/302
/314
/314
/314
/314
/314
/314
/314
/312
/314
/314
/314
/314

/314
/314

/314
/302

% (95%Cl)

29.3%
11.5%
3.5%
2.2%
1.3%
11.5%
2.3%
3.5%
1.9%
1.3%
0.3%
2.5%
1.0%
1.6%
5.4%
22.3%
18.8%
0.3%
3.2%

1.0%
3.2%

6.7%
0.3%

(24.5%-34.5%)
(8.3%-15.4%)
(1.9%-6.0%)
(1.0%-4.4%)
(0.4%-3.0%)

(1.0%-4.5%)
(1.8%-6.0%)
(0.8%-3.9%)
(0.4%-3.0%)
(0.0%-1.6%)
(1.2%-4.8%)
(0.2%-2.6%)

(3.3%-8.4%)
(18.0%-27.2%)
(14.8%-23.4%)
(0.0%-1.6%)

(0.2%-2.6%)

(1.6%-5.6%)

(4.3%-9.9%)
(0.0%-1.6%)

Estimated human exposure with 1.1 million tick bites

322293
126115
38535
24522
14013

25497

21019

14013

3503

10510

59936

206688
3503

105096

Using the observed prevalence of tick-borne pathogens in 314 ticks, national annual numbers of human exposure were estimated among 1.1 million tick

bites in the Netherlands [8].

* PCR products that specifically reacted to the generic (“catch all”) probes, but that could not be further specified to the (geno) species level were
designated. as Untypeable. Within B. burgdorferis. ., RLB analysis could not distinguish between B. gariniiand B. bavariensis [29].

** These categories of co-infections with B. burgdorferis. |. are not mutually exclusive.

doi:10.1371/journal.pntd.0005042.t001

sequence in conventional PCR, in which genetic analyses showed to be B. divergens. None of

the samples were found positive for spotted fever Rickettsia's or TBEV.

All seven of the Candidatus Neoehrlichia mikurensis sequence yielded a partial groEL
sequence and five out of seven could also be confirmed on a separate gene, namely gltA. The
seven groEL are 100% identical to each other as were the five gltA sequences (Fig 1). Four out
of five A. phagocytophilum positives yielded a partial groEL sequence after nested PCR. The
four groEL are almost identical to each other, with just one or two mismatches. Nevertheless,
all four sequences are part of zoonotic variant of the A. phagocytophilum, ecotypeI [33]. Three
of the tested blood samples for Babesia genospecies yielded a sequence in conventional PCR
for the ribosomal 185 rRNA gene, and showed to be identical to B. divergens sequences. Exten-
sive efforts to generate a B. miyamotoi sequence failed. Accession numbers of the obtained

sequences are: LC167302, LC167303, LC167304, LC167305.
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Table 2. Prevalence of DNA detection of tick-borne pathogens in blood of persons with tick bites or erythema migrans (EM), as determined by

PCRs.
EM

Tick Total (n = 626) Estimated number of infection among 1.1 million tick bites

patients | bitten
(n=291) |patients

n
Borrelia burgdorferis. 1. 1
Borrelia miyamotoi 1
Anaplasma phagocytophilum 2
Candidatus Neoehrlichia mikurensis | 4
Babesia divergens 1
Spotted fever Rickettsia species 0
Tick-borne encephalitis virus 0
Total (excluding B. burgdorferis. .) 8

0.3%
0.3%
0.7%
1.4%

2.7%

(n=335)
n| % n| % (95%Cl) n
0f- 1|0.2% (0.0%—-0.8%) 1757
0- 1]0.2% (0.0%—0.8%) 1757
3|0.9% 5|0.8% (0.3%—1.8%) 8786
3/0.9% 711.1% (0.5%—2.2%) 12300
0.3% | 2|0.6% 3|0.5% (0.1%—1.3%) 5272
0- 0| 0.0% (0.0%—0.5%) -
0- 0| 0.0% (0.0%—-0.5%) -
8(24% | 16| 2.6% (1.5%—4.0%) 28115

EDTA blood samples testing were tested in various (real-time) PCRs for the presence of tick-borne pathogens. Using the observed prevalence of infection
with tick-borne pathogens, national numbers of infections per year were estimated among 1.1 million tick bites in the Netherlands [8]. Note that the
prevalence of DNA confirmed Borrelia burgdorferis. |. detection in blood is a small fraction of the number of manifest borreliosis cases. For explanation, see
results section. 95% Cl = 95% confidence intervals.

doi:10.1371/journal.pntd.0005042.t002

Characteristics of 16 participants with DNA of tick-borne pathogens
detected in blood

The prevalence of DNA of a tick-borne pathogen other than B. burgdorferis. 1. detected in
blood from persons after a tick bite was 2.4% (Table 2), this number was similar to EM patients
(2.7%). In the blood of one person DNA of both A. phagocytophilum and B. divergens were
detected. Altogether, DNA of tick-borne pathogens was detected in the blood of sixteen per-
sons. The characteristics of these sixteen participants are summarized in Table 3, with regard
to age, gender, self-reported clinical symptoms, antibiotic treatment and tick exposure at enrol-
ment and during the three month follow-up period. Eight of the sixteen cases had submitted
ticks at enrolment. Among these eight ticks, six ticks tested negative in PCR, and in two ticks
DNA was detected of a different genus than the tick-borne pathogens that had been detected in
the EDTA-blood of the corresponding participants (Table 3). We did not observe associations
between detection of tick-borne pathogen DNA in EDTA-blood and; patient-reported tick
attachment duration, with tick engorgement, with antibiotic treatment at enrolment. Seven out
of sixteen cases reported clinical symptoms at enrolment or during the three month follow-up
period, such as myalgia (3 cases), skin rash (2 cases), tingling sensations in limbs (2 cases),
fatigue, arthralgia, headache, pain in limbs, and gastrointestinal symptoms/vomiting. Using
multivariate logistic regression, we compared the prevalence of self-reported symptoms, tick
attachment duration and tick engorgement among cases with and without DNA of tick-borne
pathogens detected in blood. Compared to the cases that tested negative by PCR, the cases with
DNA of tick-borne pathogens detected in their blood sample were not more likely to report
any of the named clinical symptoms at enrolment or at follow-up.

Discussion

In this study, DNA of tick-borne microorganisms was detected and identified in ticks and
human blood samples (Tables 1 and 2). The limitations of this methodology are well known;
hence, the interpretation of these results should be done with caution [34]. In order to unequiv-
ocally prove the presence of the corresponding infectious agents in ticks or blood, their viability
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groEL

Wild boar- Netherlands

Ixodes ricinus- questing- Netherlands
Hedgehog- Netherlands

Hedgehog- Germany (JN571164)
Human- blood- Slovenia (AF033101)
Wild boar- Slovenia (EU184703)

Ixodes ricinus- questing- Netherlands
) Ixodes ricinus- questing- Germany (AY281849)

Human- blood- Netherlands (n= 3)
Human- blood- Austria (AF033101 variant)
Mouflon- Netherlands
Human- blood- Netherlands (n= 1)
- Human- blood- France (EU860090)
Roe deer- Netherlands
Ixodes ricinus- questing- Netherlands
Roe deer- Germany (AY220467)
Ixodes ricinus- questing- Austria (AY220470)

Ixodes frontalis- feeding on bird- Belgium

Ixodes ricinus- feeding on bird- Italy (KF03393)
Ixodes trianguliceps- questing- Belgium

Wild rodent- Switzerland (AF192796)

A Wild rodent- Netherlands

Wild rodent- Italy (KF031384)

gltA
Ixodes ricinus- questing- Netherlands

Ixodes ricinus- questing- Slovakia (KJ649319)
Ixodes ricinus- from humans- Italy (AY098729)

Wild rodent- spleen- Slovakia (KJ649317)
Wild rodent- spleen- Netherlands

Human- blood- Netherlands (n=5)

C Neoehrlichia Lotoris- Procyon lotor- USA (EF633746)
Anaplasma phagocytophilum- Sheep -Spain (KP861639)

Ixodes ricinus- feeding on bird- Switzerland (JX082323)

18S rRNA
_l B. capreoli- Roe deer- France (FJ94428)

B. capreoli- Roe deer- France (FJ94427)

Babesia sp- Human- USA (AY887131)

Babesia sp- Human- USA (AY048113)

B. divergens- Human- USA (AF435415)
divergens- Human- France (FJ944822)
divergens- Bovine- France (FJ944826)
divergens- Bovine- Switzerland (AY648873)
divergens- Bovine- Austria (AY648871)
divergens- I. ricinus- Switzerland (AY648876)
divergens- I. ricinus- Switzerland (AY648875)

.| Human- Netherlands
Human- Netherlands
Human- Netherlands
B. divergens- |. ricinus- Poland (AY78076)

B. divergens- Human- Portugal (AJ439713)

B B. venatorum- Human- Austria (AY046575)
B. venatorum- Human- China (KM244044)
B. venatorum- I. ricinus- Romania (JX040642)

D oomnn

groEL

Human- blood- Netherlands (n=7)

Human- blood- Sweden (LN830973)
Human- blood- Czech Republic (LN830974)
Human- blood- Germany (LN830976)
Human- blood- Germany (EU810406)
Human- blood- Poland (KJ561571)

Dog- blood- Germany (EU432375)

Wild rodent- Poland (KJ561570)

Wild rodent- spleen- Slovakia (KR912350)
Wild rodent- France (JX392803)

Wild rodent- spleen- Netherlands

Ixodes ricinus- questing- Poland (KJ312363)

Ixodes ricinus- from human- Italy (KJ663733)
Ixodes ricinus- questing- Netherlands
Ixodes ricinus- questing- Germany (EU810407)

Ixodes ricinus- questing- Sweden (KF849343)
Ixodes ricinus- questing- Italy (JQ669946)

Wild rodent- Japan (AB204864)

Wild rodent- China éJQ359072)
Human- China (JQ359062)

Human- blood- Switzerland (HM045824)
Ixodes ovatus- Japan (AB074461)

Wild rodent- Japan (AB204865)
Neoehrlichia lotoris- Procyon lotor RAC413- USA (EF633745)

—IAnapIasma phagocytophilum- Human- Austria (AF033101))
Anaplasma phagocytophilum- Human- France (EU860090)

Fig 1. Phylogenetic tree of the sequences obtained from human blood samples. PCR and sequencing was performed on the real-time PCR-positive
blood samples. Sequences were clustered with (reference) sequences from Genbank. The evolutionary distance values were determined by Kimura
method, and the tree was constructed according to the neighbor-joining method. A.) Anaplasma phagocytophilum: Phylogenetic tree of partial heat shock
protein gene groEL of Anaplasma phagocytophilum of the four, one sequences is slightly different by couple of mismatches. All four are part of zoonotic
variant of Anaplasma phagocytophilum. B.) Babesia genospecies: Three of the tested blood samples for Babesia genospecies yielded a sequence for the
ribosomal 78S rRNA gene, and showed to be identical to B. divergens sequences. C.) Candidatus Neoehrlichia mikurensis: Five out of seven Candidatus
Neoehrlichia mikurensis yielded a partial sequence of the citrate synthase gene gltA. D.) Candidatus Neoehrlichia mikurensis: All seven Candidatus
Neoehrlichia mikurensis yielded a partial sequence of the heat shock protein gene groEL.

doi:10.1371/journal.pntd.0005042.g001

should be tested by in vitro culture or infection experiments of laboratory animals. Also, the
absence of DNA of a pathogen cannot be interpreted as the absence of the infectious agent.
Besides the technical detection limits of PCR-based methods, the timing of sample collection
after a tick bite and start of an antibiotic treatment, as well as the tissue tropism of the pathogen
strongly affect the ability of pathogen detection [35, 36]. The latter is corroborated in this
study: Only in one out of the 291 patients with an erythema migrans (EM) -a skin infection
caused by B. burgdorferis..—the DNA of this pathogen was detected in blood (Table 2). This
finding confirms that the chance of detecting B. burgdorferis.1. DNA in blood samples of
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Table 3. Characteristics of participants with DNA of tick-borne pathogens detected in blood.

Patient EM and self-reported Antibiotic Microorganism DNA | Tick (bite) characteristics: reported Reported tick exposure
symptoms treatment detected in EDTA- tick attachment duration, history
blood engorgement, detected DNA of

microorganisms in tick
Case 1: t=0:EM t=0: doxycycline | B. burgdorferis.|. Reported attachment duration of tick bite | 1 tick bite in past 7 days.
Male, age 100 mg b.i.d. 10 before the EM at enroliment: 24 hours. No other tick bites in
60 days past 5 years.
Case 2: t=0:EM t=0: doxycycline | B. miyamotoi Reported attachment duration of tick bite | 1 tick bite in past 7 days.
Male, age 100 mgb.i.d. 10 before the EM at enrollment: 72 hours. 3 other tick bites in past
42 days 5 years, >6 weeks ago.
Case 3: t=0: skin rash No A. phagocytophilum Submitted tick: unengorged adult female | 1 tick bite att = 0. 30
Female, Ixodes ricinus. Tick PCR positive for B. other tick bites in past 5
age 58 burgdorferi sensu stricto, Untypeable* years, 6 in past 6 weeks,

Ehrlichia / Anaplasma spp, Ca. 2in past 7 days.

Neoehrlichia mikurensis, and R.
helvetica. Reported tick attachment
duration: 17 hours.

Case 4: No t=12: A. phagocytophilum Submitted tick: unengorged nymph 2 tick bitesatt=0.>15
Female, doxycycline 1 wk Ixodes ricinus. Tick PCR negative. other tick bites in past 5
age 56 treatment of Reported tick attachment duration: 14 years, 1in past 6 weeks.
bronchitis hours.
Case 5: t=0: myalgia, tingling in No A. phagocytophilum Submitted tick: unengorged nymph 1 tick bite att=0. No
Female, limbs, fatigue. Ixodes ricinus. Tick PCR negative. other tick bites in past 5
age 63 t = 12: vomiting Babesia divergens Reported tick attachment duration: 2 years.
gastrointestinal hours.
symptoms.
Case 6: t=0:EM t = 0: amoxicillin A. phagocytophilum Submitted tick: partially engorged nymph | 1 tick bite in past 10
Female, t=12: myalgia 500 mg q.i.d. 14 Ixodes ricinus. Tick PCR negative. days. 1 other tick bite in
age 38 days Reported tick attachment duration: 36 past 5 years, >6 weeks
hours. ago.
Case 7: t=0:EM t=0: doxycycline | A. phagocytophilum Reported attachment duration of tick bite | 2 tick bites in past 7
Female, 100 mg b.i.d. 14 before the EM at enroliment: 25 hours. days. 2 other tick bites in
age 46 days past 5 years.
Case 8: No No Babesia divergens Submitted tick: partially engorged female | 1 tick bite att=0. No
Female, No information on t = 12. adult Ixodes ricinus. Tick PCR negative. | other tick bites in past 5
age 15 Reported tick attachment duration: 3 years.
hours.
Case 9: t=0:EM t=0: doxycycline | Babesia divergens Reported attachment duration of tick bite | 2 tick bites in past 7
Male, age 100 mgb.i.d. 14 before the EM at enrollment: 96 hours. days. No other tick bites
55 days in past 5 years.
Case 10: t=12: arthralgia No Ca. Neoehrlichia Submitted tick: unengorged nymph 1 tick biteatt=0.25
Female, mikurensis Ixodes ricinus. Tick PCR positive for R. other tick bites in past 5
age 63 helvetica. Reported tick attachment years, 4 in past 6 weeks.
duration: 8 hours.
Case 11: No No Ca. Neoehrlichia Submitted tick: partially engorged female | 1 tick bite att=0. No
Male, age mikurensis adult Ixodes ricinus. Tick PCR negative. | other tick bites in past 5
79 Reported tick attachment duration: 12 years.
hours.
Case 12: t=0: skin rash t=12: Ca. Neoehrlichia Reported attachment duration of tick bite | 3 tick bites in past 3
Male, age doxycycline mikurensis before the EM at enroliment: 8 hours. weeks. Other tick bites
40 t=12: EM 100 mgb.i.d. 10 (number unknown) in
days past 5 years, >6 weeks
ago.
Case 13: t=0:EM t=0: doxycycline | Ca. Neoehrlichia Unknown attachment duration of tick bite | 1 tick bite in past 7 days.
Female, 100 mg b.i.d. 10 mikurensis before the EM at enroliment. 10 other tick bites in past
age 60 days 5years, 3in past 6
weeks.
(Continued)
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Table 3. (Continued)

Patient EM and self-reported Antibiotic Microorganism DNA | Tick (bite) characteristics: reported Reported tick exposure

symptoms treatment detected in EDTA- tick attachment duration, history

blood engorgement, detected DNA of
microorganisms in tick

Case 14: t=0: faded EM (not t = 0: doxycycline | Ca. Neoehrlichia Reported attachment duration of tick bite | 1 tick bite in past weeks.
Female, inspected by physician), 100 mgb.i.d. 14 | mikurensis before the EM at enrollment: 16 hours. No other tick bites in
age 61 headache, myalgia, pain | days past 5 years.

in limbs.

t=12: myalgia.
Case 15: t=0: EM, tingling in limbs. | t = 0: doxycycline | Ca. Neoehrlichia Reported attachment duration of tick bite | 5 in past 7 days. >20
Male, age | Nginformationont=12. | 100 mg b.i.d. 10 mikurensis before the EM at enrollment: 10 hours. other tick bites in past 5
48 days years, >6 weeks ago.
Case 16: No No Ca. Neoehrlichia Submitted tick: partially engorged female | 1 tick bite att = 0. No
Male, age mikurensis adult Ixodes ricinus. Tick PCR negative. | other tick bites in past 5
71 Unknown tick attachment duration. years.

EM: erythema migrans.

t = 0: time of enrolment, at the time of blood sample collection for PCR-testing.

t=12: twelve weeks after enrolment.

b.i.d.: bisin die.

g.i.d.: quarter in die.

* PCR products from tick analyses that specifically reacted to the generic (“catch all”) probes, but that could not be further specified to the (geno)species
level. were designated as 'Untypeable’.

doi:10.1371/journal.pntd.0005042.t003

confirmed Lyme borreliosis patients is very low [35]. Rickettsia helvetica and R. monacensis
were both not detected in the 626 blood samples whereas, recently molecular evidence for their
presence in cerebrospinal fluid of neuroborreliosis patients and in a skin sample of an EM
patient was found [37, 38]. The absence of TBEV in blood samples can further be explained by
its extremely low infection rates in ticks and focal geographic distribution in the Netherlands
[15]. Candidatus Neoehrlichia mikurensis, A. phagocytophilum, B. miyamotoi and Babesia spe-
cies are all pathogens that can be expected in blood because of their biology and tissue tropism
[16, 20, 39, 40].

The tick samples were screened by a different method (RLB) than the blood samples (real-
time PCR). In 314 ticks removed from humans a wide variety of tick-borne pathogens were
detected namely, Borrelia afzelii, Borrelia garinii, Borrelia burgdorferi sensu stricto, Borrelia
valaisiana, Babesia microti, Babesia venatorum, Babesia divergens, Anaplasma phagocytophi-
lum, Candidatus Neoehrlichia mikurensis, Rickettsia helvetica, Rickettsia monacensis and Bor-
relia miyamotoi. All these pathogens have been found in questing ticks from field studies in the
Netherlands before [41-43]. The infection rate of tick-borne pathogens other than B. burgdor-
feris. 1. varied from 0.3% (B. divergens and R. monacensis) up to 18.8% (R. helvetica). With an
estimated incidence of 1.1 million tick bites per year, human exposure to a tick-borne pathogen
other than B. burgdorferis. 1. and TBEV varies from roughly 3500 for B. divergens, and 3500 for
R. monacensis to 207,000 persons for R. helvetica. Among the 322,000 persons exposed to B.
burgdorferi s. 1. through a tick bite, roughly 105,000 are simultaneously exposed to another
pathogen. In addition, exposure to more than one tick-borne pathogen can occur when people
have more than one tick bite at once or several consecutive tick bites.

Clearly, not all exposure to tick-borne pathogens results in human infection. Based on the
development of an EM or seroconversion, the risk of infection with B. burgdorferis. 1. after tick
bites was estimated to be 5.1% [29]. In this study, evidence for infection comes from the detec-
tion of Candidatus Neoehrlichia mikurensis, A. phagocytophilum, B. divergens, B. miyamotoi
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and B. burgdorferi s. 1. DNA in the blood of sixteen individuals after exposure to a tick bite.
None of these cases reported to be immunocompromised, and all the EM patients were treated
with antibiotics according to the guidelines for treatment of Lyme borreliosis [30]. Mild clinical
symptoms were reported by seven out of sixteen PCR-positive cases. However, using multivari-
ate logistic regression, we did not detect associations between DNA detected in blood and self-
reported symptoms at enrolment and follow-up. Furthermore, we did not find associations
between detection of DNA of tick-borne pathogens in blood and; PCR positive ticks, patient-
reported tick attachment duration, tick engorgement, and antibiotic treatment at enrolment.
The lack of statistically significant associations may be due to the mildness of symptoms
amongst immune-competent patients, and to a lesser degree due to insufficient numbers of
PCR-positive cases per pathogen genus in our analyses.

In this study, Candidatus Neoehrlichia mikurensis infection was observedin 1.1% (95%CI
0.5%-2.2%). Candidatus Neoehrlichia mikurensis infections have been described in immuno-
compromised patients [44], and more recently in immune-competent patients with relatively
mild symptoms in China, Poland, and Sweden [45-48]. Anaplasma phagocytophilum infection
was found in 0.9% (95%CI 0.3%-2.0%) of the persons exposed to tick bites in the Netherlands
(Table 2). Genetic analyses of the DNA sequences showed the highest similarity to the zoonotic
A. phagocytophilum ecotypeI [33]. Evidence for A. phagocytophilum infection is primarily
based on its molecular, microscopic or serological detection most disease cases [20, 49]. There
is serological evidence that A. phagocytophilum infection occurs in the absence of disease
symptoms [50]. Babesia divergens infection was observedin 0.5% (95%CI 0.1%-1.3%) of the
persons exposed to tick bites. In Europe, only two cases of human babesiosis have been
reported in immune-competent patients, one due to B. divergens [51]. Only one patient with
EM was possibly infected with B. miyamotoi 0.2% (95%CI 0.0%-0.8%). The presence of B.
miyamotoi DNA could only be determined by real-time PCR, and several attempts to confirm
this finding by conventional PCR was unsuccessful. This patient had received antibiotic treat-
ment at enrolment for his EM, so a low bacterial load in blood due to the treatment could be an
explanation for the high Ct value. Evidence for infection with B. miyamotoi in Europe comes
from one immunocompromised case [18], and a seroprevalence study in people exposed to
tick bites [52].

Altogether, the probability of infection with a tick-borne pathogen other than Lyme spiro-
chetes after tick bites in the Netherlands is roughly 2.4% (95%CI 1.1%-4.5%). This number is
similar to the probability of a co-infection with another tick-borne pathogen in patients with
EM (2.7%, 95%CI 1.3%-5.2%). Interestingly, one patient in this study had a co-infection with
A. phagocytophilum and B. divergens. The severity of self-reported symptoms of the seven EM
patients with a co-infection was indistinguishable from patients only having EM. No indica-
tions were found that infection with a tick-borne pathogen other than B. burgdorferis. 1. caused
overt symptoms that would indicate a corresponding illness. The low number of persons with a
tick bite or EM that were identified with an tick-borne pathogen infection other than B. burg-
dorferis. 1., in combination with the limited medical assessments, and the used method of path-
ogen detection are not sufficient to infer how often tick-borne pathogens other than B.
burgdorferis. 1. (and TBEV) cause disease. Also, to what extend they affect the diagnoses and
the etiology of Lyme borreliosis. Furthermore, the ability for a pathogen to cause disease
depends also on extrinsic factors for example the immune status of its host.

The high exposure to tick-borne pathogens other than B. burgdorferi s. 1. and TBEV, and
their ability to cause infection in the general population, warrants increased awareness, knowl-
edge, improvement of diagnostic tests and a clear-cut clinical case definitions in an European
setting. Only when better laboratory tests are available for these tick-borne diseases, their
impact as a co-infection with Lyme borreliosis can be assessed.
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