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ARTICLE INFO ABSTRACT

Keywords: Despite the presence of several microorganisms, other than Borrelia burgdorferi sensu lato (Bbsl) and TBE virus, in
Tick-transmitted infections Ixodes ricinus ticks from the Nordic countries, data is lacking on their pathogenic potential in humans. In this
Vector-borne infections study, we wanted to investigate the aetiology and clinical manifestations of tick-transmitted infections in in-

Public health
Emerging infections
Tick-borne pathogens
Co-infections

dividuals seeking medical care following a tick-bite.

The sampling frame was participants of a large-scale, prospective, multi-centre, follow-up study of tick-bitten
volunteers recruited in Sweden, Finland and Norway in the years 2007-2015. Participants who sought medical
care during the three-month follow-up period and from whom blood samples were collected during this
healthcare visit (n = 92) were tested, using PCR, for exposure to spotted fever group (SFG) Rickettsia spp.,
Anaplasma phagocytophilum and Babesia spp. Moreover, 86 of these individuals had two serum samples, collected
three months apart, tested serologically for six tick-borne microorganisms. The selected organisms — Bbsl, SFG
rickettsiae, Anaplasma phagocytophilum, TBE virus, Babesia microti and Bartonella henselae — have all been de-
tected in field-collected ticks from the Nordic countries. Medical records were reviewed and questionnaires were
completed to determine clinical manifestations.

We found Lyme borreliosis to be the most common tick-transmitted infection as seen in 46 (54%) of the 86
participants with available medical records. Among the 86 participants with paired sera, serological or mole-
cular evidence of recent exposure to other microorganisms than Bbsl could be demonstrated in eight (9%). Five
participants (6%) exhibited serological evidence of recent concomitant exposure to more than one tick-borne
microorganism. Clinical presentations were mild with one exception (TBE).

In conclusion, our data suggest a low risk of infection with tick-borne microorganisms, other than Bbsl, in
immunocompetent tick-bitten persons from the examined regions, a low occurrence of co-infection and mostly
mild or no overt clinical signs of infection in immunocompetent persons exposed to the studied agents.

Abbreviations: Bbsl, Borrelia burgdorferisensu lato; SFG, spotted fever group; TBE, tick-borne encephalitis; DNA, deoxyribonucleic acid; TBD, tick-borne diseases; TTI,
tick-transmitted infection; PHC, primary healthcare; PCR, polymerase chain reaction; LB, Lyme borreliosis; TBEV, tick-borne encephalitis virus; IQR, interquartile
range; EM, erythema migrans; LNB, Lyme neuroborreliosis; SSI, Statens Serum Institut; IFA, indirect immunofluorescence assay; ELISA, enzyme-linked im-
munosorbent assay
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1. Introduction

The castor bean tick (Ixodes ricinus) is widespread in the Nordic
countries and is the tick species most frequently implicated in trans-
mitting infectious agents to humans in northern Europe. It can carry
and transmit potentially pathogenic microorganisms such as Borrelia
burgdorferi sensu lato (Bbsl), spotted fever group (SFG) Rickettsia spp.,
Anaplasma phagocytophilum, Neoehrlichia mikurensis, Babesia spp. as well
as the European subtype of tick-borne encephalitis (TBE) virus
(Andersson et al., 2013; Karlsson and Andersson, 2016; Wallménius
et al., 2012). Moreover, studies have detected Bartonella henselae DNA
in field-collected I ricinus ticks but, thus far, no convincing clinical
cases of cat-scratch disease, following a tick-bite, have been reported
and the viability of ticks as vectors for this bacterium remains con-
troversial (Telford and Wormser, 2010).

All of the aforementioned microorganisms have been associated
with infections in humans (Fehr et al., 2010; Nilsson, 2009; Nilsson
et al., 2011, 2010; Uhnoo et al., 1992; von Loewenich et al., 2010).
Despite this, with the exception of Bbsl and TBE virus, little is known
about their pathogenic potential in a northern European setting and the
clinical features of patients seeking medical care due to these infections
remain to be fully elucidated. Furthermore, because I ricinus can si-
multaneously harbour multiple microorganisms, it can transmit more
than one during a single tick-bite (Koetsveld et al., 2016; Lindblom
et al., 2013; Nogueras et al., 2015; Swanson et al., 2006; Tijsse-Klasen
et al., 2013). However, the risk of such an occurrence and its sig-
nificance on the clinical presentation of the human host has received
little attention in the Nordic countries.

In this study, we examined individuals seeking medical care in a
three-month period following a tick-bite, to investigate 1) the propor-
tion presenting with a tick-transmitted infection (TTI), 2) the microbial
aetiology and clinical features of these infections, and 3) the proportion
concomitantly exposed to more than one tick-borne microorganism.

2. Material and methods
2.1. The tick-borne diseases STING study

This study is based on data and material collected through the Tick-
Borne Diseases (TBD) STING study, a prospective, multi-centre study
examining tick-bitten persons from geographically different areas in
southern, south-central, central and northern Sweden as well as the
Aland Islands in southwestern Finland and Tromgy in southern Norway.

Men and women = 18 years of age with a documented tick bite
were enrolled in the TBD STING study between the years 2007 and
2015 (Wilhelmsson et al., 2010). Participants were recruited through an
advertising campaign in media and public places, urging tick-bitten
individuals to bring their detached tick(s) to one of the 67 primary
healthcare (PHC) centres participating in the TBD STING study
(Fig. 1a). Ticks delivered during this initial visit served as doc-
umentation of tick exposure. Following written consent and the ful-
fillment of a standardized questionnaire regarding participant health
data, scheduled blood sampling was performed at the time of enrolment
and at a final follow-up visit three months later. Further, all participants
were informed to seek medical care and provide additional blood
samples at a TBD STING study affiliated PHC centre in case they de-
veloped symptomatic disease during the three-month study period.
These visits and corresponding blood samples will be referred to as
“intermediate” in the following sections.

Any additional ticks detached in the three-month study period were
also delivered to the PHC centres. Lastly, a self-completed questionnaire
was delivered during the final three-month visit, reporting on symp-
toms experienced throughout the study period and inquiring on whe-
ther the participant has sought medical care due to these symptoms.
Following collection, all blood samples were sent to Linkoping
University, Sweden, to be stored at — 70 °C until analysis.
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2.2. Selection of study participants

In this study, we chose to focus on TBD STING study participants
who developed symptomatic disease following a tick-bite and conse-
quently sought medical care at some point during the three-month
follow-up period. Of the 5080 participants initially enrolled in the
TBD STING study, 4230 (83%) attended the final follow-up visit, as
documented by the return of an at-least-partially filled out ques-
tionnaire, and/or had a blood sample delivered from an intermediate
healthcare visit, thus enabling us to assess whether they had sought
medical attention in the three-month study period (Fig. 2). Of these, a
total of 432 (10%) participants were assessed to have sought medical
care. Following the exclusion of those lacking intermediate blood
samples (n = 323) and those who had sought medical care after the
end of the three-month study period (n = 17), a total of 92 partici-
pants remained for inclusion in this sub-study. In addition to the tick
(s) delivered at enrolment, a median of six additional ticks (range
0-53) were detached from these participants and delivered
throughout the study period. One of the examined participants was
being treated with methotrexate at the time of enrolment. None of the
others were undergoing anti-neoplastic therapy or any other form of
immunomodulating treatment that could potentially interfere with the
host humoral response to tick-borne microorganisms. Paired sera,
from the time of enrolment and the three-month follow-up, were
available from 86 of these participants. Baseline characteristics of the
study cohort are presented in Table 1.

2.3. Molecular analysis

Serum samples taken during the intermediate healthcare visits
(n = 92) were analysed using real-time PCR for Rickettsia spp., A.
phagocytophilum and Babesia spp. at the Division of Medical
Microbiology at Linkoping University in Sweden (Fig. 2). In addition,
plasma samples from the same visits were prior to this study analysed
for N. mikurensis at Sahlgrenska University Hospital (Grankvist et al.,
2015).

An overview of the molecular assays is presented in Table 2a. Re-
verse transcribed total nucleic acid (cDNA) was prepared from 350 ul
sera, as described elsewhere (Wilhelmsson et al., 2013). Two micro-
liters of cDNA per reaction were used in separate real-time PCR assays
to detect Rickettsia spp., A. phagocytophilum and Babesia spp., as pre-
viously described (Casati et al., 2006; Henningsson et al., 2015; Stenos
et al., 2005).

2.4. Serological analysis

The 86 paired sera were examined at Statens Serum Institut in
Copenhagen, Denmark, for IgG antibodies against Bbsl, SFG Rickettsia
spp., A. phagocytophilum, Ba. microti, B. henselae and TBE virus (Fig. 2).
Samples were analysed using current serological “gold standards” for
diagnosing infections caused by these organisms with generally high
reported sensitivities and specificities (Hansmann et al., 2019; Krause
et al., 1994; Paris and Dumler, 2016; Zangwill et al., 1993).

An overview of the serological assays used is presented in Table 2b.
Detection of IgG antibodies was done using commercially available IgG
IFA (Focus Diagnostics, Inc., Cypress, CA, USA) for most microorgan-
isms. For Bbsl, we used an in-house indirect IgG ELISA (Hansen and
Asbrink, 1989) and for TBE virus we used a commercially available
indirect IgG ELISA (Enzygnost, Siemens, Erlangen, Germany). For both
ELISA assays, samples were run in duplicates. All IFA samples were
titrated to end-point fluorescence in two-fold dilutions, as described
elsewhere for SFG Rickettsia spp. (Kantsg et al., 2009). Fluorescent
microscopy was performed according to the manufacturer’s instructions
by laboratory technicians with many years of experience in interpreting
IFA results. Seroconversion was considered indicative of recent ex-
posure for all assays. For the IFA assays, seroconversion was defined as
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c. Molecular evidence of exposure

N. mikurensis* Rickettsia spp.

A. phagocytophilum

n=0

Babesia spp.

d. Serological evidence of recent exposure

SFG Rickettsia spp.

A. phagocytophilum

TBE virus B. henselae Ba. microti

Fig. 1. Maps showing a) recruitment sites for the TBD STING study (2007-2015), b) sites reporting Lyme borreliosis and TBE with cases of confirmed Lyme
neuroborreliosis marked as squares, c) sites with PCR findings, and d) sites associated with seroconversion between enrolment and the three-month follow-up visit.
LB: Lyme borreliosis. TBE: Tick-borne encephalitis. SFG: Spotted-fever group. Bbsl: Borrelia burgdorferi sensu lato. *Published (Grankvist et al., 2015).

a fourfold rise in antibody titre or detectable IgG antibodies above cut-
off level on the three-month visit in individuals who were seronegative
at inclusion. For the ELISA assays, seroconversion was defined as an
increase with > 3 arbitrary units, for Bbsl, and by a factor of = 3, for
TBE virus, or as detectable IgG antibodies on the three-month visit in
individuals who were seronegative at inclusion (Hammers-Berggren
et al., 1994).

2.5. Review of medical records

Physicians and co-authors JS, PF, MN and LFO reviewed the medical
records of 86 participants (94%) for clinical signs of LB at the time of
the intermediate healthcare visit (Fig. 2). The diagnosis of erythema
migrans (EM) was based on the assessment of the attending physician
and required a lesion diameter = 5cm in accordance with the Eur-
opean clinical case definitions for LB (Stanek et al., 2011). The diag-
nosis of Lyme neuroborreliosis (LNB) was based on the European Fed-
eration of Neurological Societies’ criteria from 2010 (Mygland et al.,
2010). Furthermore, medical records of participants with molecular or
serological evidence of recent exposure to tick-borne organisms other
than Bbsl were reviewed for clinical manifestations at the time of the
healthcare visit.

2.6. Self-reported symptoms

Questionnaires were filled out at the three-month visit by 88 (96%)
of the participants included in this study (Fig. 2). The questionnaires
asked about symptoms experienced at any time during the three-month
study period. Symptoms inquired about in the questionnaire were fever
(= 38°C), headache, myalgia/arthralgia, fatigue and nausea. These
symptoms were selected as they have previously been reported for TTIs
other than LB (Fournier et al., 2004; Henningsson et al., 2016;
Lindblom et al., 2013; Uhnoo et al., 1992; von Loewenich et al., 2010).

2.7. Statistical analysis

Statistical significance for the categorical data obtained from the
questionnaires was calculated with Fisher’s exact test (two-tailed) using
the statistical software R Studio (v1.0.153). P < 0.05 was considered
significant.
3. Results

3.1. Molecular analysis

No participants had detectable DNA from Rickettsia spp., A. phago-
cytophilum or Babesia spp. (Fig. 1c) at the time of the intermediate
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5080 tick-bitten persons enrolled
Enrolment criteria in the TBD STING study in the

- Documented tick bite period 2007-2015

- 18 > years of age n=2850

I No information on having
¢ ) sought medical care or not*

n=4230
Evaluated for inclusion

I ) n =3798

¢ Did not seek medical care

n=432
Sought medical care

I EXCLUDED n=323
¢ ) No intermediate blood samples
n=109
EXCLUDED n=17
I ) Medical care after end
n=86 ¢ of study period
Medical records reviewed
n=92
Included in this study
n=288
Questionnaires completed I

n=286 n=92
Tested with serology Tested with PCR

Inclusion sample Intermediate sample Three-month sample
Serology PCR Serology
n =386 n=92 n=286
* Bbs/ * Rickettsia spp. % * Bbsl
* SFG Rickettsia spp. * A. phagocytophilum * SFG Rickettsia spp.
* A. phagocytophilum * Babesia spp. * A. phagocytophilum
* Ba. microti - N. mikurensis™* - Ba. microti
* B. henselae * B. henselae
- TBE virus * TBE virus

Fig. 2. Flow-chart showing inclusion and exclusion criteria as well as the participants analysed for this study. Bbsl: Borrelia burgdorferi sensu lato. SFG: Spotted-fever
group. TBE: Tick- borne encephalitis. *No questionnaire on the final three-month follow-up visit and no blood samples collected from an intermediate healthcare
visit. **Published (Grankvist et al., 2015).
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Table 1

Overview of baseline characteristics, medical records and questionnaire data
for the study participants. The diagnoses of possible/confirmed LNB and EM
were based on the European Federation of Neurological Societies’ criteria from
2010 and the European clinical case definitions, respectively. All questionnaire
data were self-reported. IQR: Interquartile range. LB: Lyme borreliosis. EM:
Erythema migrans. TBE: Tick-borne encephalitis. LNB: Lyme neuroborreliosis.

Baseline characteristics (n=92)

Age, y, median (IQR, range) 64 (56-69, 28-79)

Sex, male, % 26
Medical records (n= 86) %
TBE 1
LB 54
- Physician-diagnosed EM 49
- Confirmed LNB 4
- Possible LNB 1

Questionnaire data (self-reported)
Co-morbidity at inclusion

% (no. of respondents)

- Diabetes mellitus 5(81)
- Neoplasia 3 (78)
- Asthma 13 (83)
Prior LB 57 (89)
Prior TBE 0 (88)
Immunised against TBE 55 (88)
Immunised against other flavivirus infections

- Japanese encephalitis 0 (85)
- Yellow fever 7 (84)
Symptoms experienced during study period

- Fever 15 (74)
- Myalgia/arthralgia 56 (81)
- Headache 39 (78)
- Fatigue 50 (82)
- Nausea 10 (73)

healthcare visit. However, N. mikurensis DNA was detected in two of the
participants, as described elsewhere (Grankvist et al., 2015).

3.2. Serological analysis
An overview of the serological results for the 86 participants with

Table 2
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Fig. 3. Serological responses against a selection of tick-borne microorganisms
observed for the 86 participants with paired sera from enrolment and the three-
month follow-up visit. Of these, 60 (70%) had unchanging levels of IgG anti-
bodies and 14 (16%) seroconverted against at least one of the investigated tick-
borne microorganisms. Four participants seroconverted against two micro-
organisms, one participant seroconverted against three (see Table 3) and many
participants had unchanging IgG levels above cut-off against multiple tick-
borne microorganisms. No antibodies against Babesia microti were detected.
Bbsl: Borrelia burgdorferi sensu lato. SFGR: Spotted fever group Rickettsia. TBEV:
Tick-borne encephalitis virus. Bh: Bartonella henselae. Ap: Anaplasma phagocy-
tophilum. Bm: Babesia microti.

paired sera is presented in Figs. 3 and 1d. Most of the participants
displaying seroconversion reacted against Bbsl (n = 9), followed by SFG
Rickettsia spp. (n = 5), B. henselae (n = 3), TBE virus (n = 2), A. pha-
gocytophilum (n = 1) and Ba. microti (n = 0). In total, 14 (16%) of the
86 participants seroconverted against at least one of the examined tick-
borne microorganisms. Of note, IgG antibodies against Bbsl could be
detected in both of the participants with N. mikurensis DNA (cases 6 and
7, Table 3) using our in-house assay (Hansen and Asbrink, 1989), with
one of them (case 6) seroconverting between the two visits. Five par-
ticipants (6%) seroconverted against more than one tick-borne micro-
organism (Table 3).

Overview of the molecular (a) and serological (b) assays used to investigate the study samples. Bbsl: Borrelia burgdorferi sensu lato. ELISA: enzyme-linked im-
munosorbent assay. IFA: indirect immunofluorescence assay. SFG: Spotted fever group. TBE: Tick-borne encephalitis. * Values in arbitrary units, reflecting rise in
optical density. ** Participants with follow-up samples showing a titre value of 1:128 had their initial inclusion samples re-examined at a dilution of 1:64 to
determine if the rise in titre was at least fourfold between the two visits and thus indicative of recent exposure. *** Cut-off calculated as the mean absorbance value of

the two negative controls + 0.200 (according to manufacturer’s instructions).

a.

Microorganism Primer/Probe Nucleotide sequence (5'—3") Target gene Reference

Rickettsia spp. CS-F TCGCAAATGTTCACGGTACTTT gltA (Stenos et al., 2005)
CS-R TCGTGCATTTCTTTCCATTGTG
CS-P FAM-TGCAATAGCAAGAACCGTAGG CTGGATG-BHQ1

A. phagocytophilum ApF TTTTGGGCGCTGAATACGAT gltA (Henningsson et al., 2015)
ApR TCTCGAGGGAATGATCTAATAACGT
ApM FAM-TGCCTGAACAAGTTATG-BHQ1

N. mikurensis Forward CGGAAATAACAAAAGATGGA groEL (Grankvist et al., 2015)
Reverse ACCTCCTCGATTACTTTAG
Probe 6FAM-TTGGTGATGGAACTACA-MGB

Babesia spp. BJ1 GTCTTGTAATTGGAATGATGG 18S rRNA (Casati et al., 2006)
BN2 TAGTTTATGGTTAGGACTACG

b.

Microorganism Method Manufacturer Antigen 1gG cut-off

Bbsl Indirect ELISA In-house (Hansen and Asbrink, 1989) Purified flagellum (B. afzelii)

SFG Rickettsia spp. Indirect IFA Focus Diagnostics Inactivated R. rickettsii 1:128**

A. phagocytophilum Indirect IFA Focus Diagnostics Infected HL60 cells 1:64

Ba. microti Indirect IFA Focus Diagnostics Infected erythrocytes 1:64

B. henselae Indirect IFA Focus Diagnostics Infected Vero cells 1:64

TBE virus Indirect ELISA Siemens Inactivated TBE virus sk




03
013
0) 1

202

11¢

iseases

ick-borne Dis:
d Tic

. an

Ticks

L

ias, et ai

Ocias,

LF.

ds were
or re-
dical reE49%) pntS
ds ose me -two rticipa 8
ecor s wh Forty he pa case 8,
ical r ipant: ig. 1b. of t ipant ( ys
f medi articip d Fig. e (1%) rticipa i, d
Review o the 86 P1))16 ! af; and on One paed for resentet
. . % ively. italiz S p at-
3.3 iew of in Ta e (4 ctive pita icipant the
rvie ted Thre espe hos rticip. I by .
ove esen 1. B, r was ) pa TT isit.
An is pr able 1 e LN nd 45% toa e vi ical
5 VieWEd'th EM ('1;1 POSSlb}i TBE al of 39 ( nrelateiealthcag Serol()'g ms,
A re i n it ta ¢ unre te it nis
& d w da w Ato b dia SW ga
= nte irme ed . d to e icipant: icroor ith N.
S . se d confir resent1 2016) assesse interm articipa e micr: nts Wlth~so—
g = 8 ha le 3) Pn eta at were of the eightp.ck.bof“ rticipa with i )
T3 = b ingsso ha ime he ti artic 1y 15).
- 3 =5 Ta gs ints t ti f t to 0o p inica 20
g P 2 nin nts the ions o ure tw lini 1.
g 4 » 5 en lai X at ion! 0S’ he C . t al.,
o4 2 g g B z (H comp sician ifestat nt exp le3. T ented kvist e
9 g g2 5 &8 2 with g phy 1 mani f rece in Tab 3) pres (Gran
S =z ~s mﬁ0w din; inica ceo di le re
k= £ = 2 & 5 2 g g9 ten lin. iden nte ab he
S 2 F o= '=§~°” ec Vi rese ,T. sew
@ s 5 £3 ERER Thlecularbil (casn 6 and 7deta“1 o ring the
oy L © =1 [ mo Bbsl, ase d in du ipants
8 E R = » or han (c se ime icipa
27 M ) a, g Z > T t NA iscus: tim rtic. -
=] N o= H % 1 = © the is D dis ny fpa on
£ 3 5 S 5 o is e a I
§° ? E t ?;‘3 S I I 5 B S mikurenl\; and ar ms toms atportion (‘;hose (llfthose
5 5 85 = £ — E toi p ro in it]
S 93 ] = g 1 ™ x 8 ted p sym € p 2) i dw no
g & o R g g o o 5 la d sym ted Th 0.0 re as
£ 5 5 2% 3 s & x - orte or L. = pa Te W e
SO z 33 B — -rep -rep ble (p com The ST
2 > S5 50 ER If- 1f: in Ta iocher - ). ipant:
5 & 3 z < - i Se f se in igh ia spp le 3 icipa ioue
g = = 2 = § g 0% 3.4. e o ised ly h ickettsia ab arti fatig
g g S E = 5 - nec arlsed ntly cke its (T fp a
<5 S 5 e 2 ese mm ifica G Ri isits ion o 00),
g5 g p g & g € presel summa ni SF o Vi tio =1.
@ S o g = 8 Th iod is s sig inst tw opor (p=
2 8 g « 5] = P erio wa aga the pr he
g =} 5 £ p er ion en th the dac S.
< ] 2 00 > Q = udy ; fevi TS10: we n au up
£ 1 £ g k= E 2 s Stportlng rocoﬂversion beftference 0.37), hfhese gro
g & = S g 35 2 re ing se (S i = 0.
§ % . E I.;) ) % g g g, Stratlngsel‘oconviﬁcant (ligia (p ) between STING
= = ) =9 : ign a 1
g g g 8 g S £ king sig; rthr. =0.4 TBD iod,
S E % g E g &3 N li:tisticall};algia/:ea (= in thetudy pe.rlg a
2 a 5 g E S B statis m nau ipating es tin
Z é d = i g < 3 ] pOrtllz)g36) or pal‘ticlpguring tl:ns Pron(jgig‘ 2).
=g o 2 9 z g X = 0. s e to ions 1,
gk E : g = g ® ion luntee ical car symp reglont (=7 a
s = Z ) E e E iscussio f the Voht medi eloplngtudied mos ure to
2= \ g k=] © o < Di t, o ug| f dev he s sera, XPOS ignS
g = v | & & B g3 4. that, % S0 isk o in t ired te rs
g = & d 0 is ite i ai en ula he
@ U A L] < -CL < Un ) 1 W T -bit ith P f rec lec f t]
= = & e g j: o b e fo 230 > lo ick Wi [0 mo (SX0) ;o
S @) B0 e S W =4 ally at ts idence lor t ony 1
=0 & p g E £= n= ner ing a ti ipan ide ica eas N. m
5 =2 e £ g g 2y e £ i% study (ting a gi f"uowz_;ﬁ Partljopgical ev Serologainst atl1 DNA ( etoa
] = & 50 s s . .
25 s f 3 g E R Z Z sugges are visi mined or Serohose Wltherted 8 icroblal care dlrlnicro—
S 3 £ £ B ho - g =& lthe exa lar f onvert d m dica ne mic al
S E =1 g .8 =] =] b} 2 —~ hea the lecu ism. O T0C ibite me: -bor: g1C
O ) = 9 2 B © > n g mo. ism 4 se xhi 'ng ick rolo
£ES 5| 5 8 EE = 2 ° = on no gan ), 1 oe eki T tick se 3).
S <& a2 N1 v = 2 I =) © Am had icroor =15), twi e se othe: ing ble A
Q. 3] E S i 2 8 ) S = %) ic = nd hos ith isplay (Ta ill
— g o3 oo ; g o : S 3 em (n isms aj f t w1 disp ts icall
o g3 £ = 153 CHERS 8 n re m O d ni itically
= a3 S g = < S < : ick-bor: osu nis 3). cte ipants age itic r-
RN E % = £ 0 a - B = tick t exp orgal able infe ticip ther re cr rthe
9w § g| & a g & $ 4 < z T cen icro 7. T tion ar| 0 0 we . Fu ical
: g 5|7 g E s E £ E % Z ; of rrenined rne 6 and ’Proporly cight poSure t]3E’ noninittanceerologcm
= — s
+HE : 3 i 2: X 3 Kurensis found a - recent veloped epicl 2 e microorgn e
23 'z Z & . = ER g 8= S & re u bs T Vi os dis icre rn
) x® 5 S 3 z g ku fo B f de ift h ic ick-bo
§ ; E ; .%Oioo § g § % ?S g g = % TTI, we s than idence Ont Who‘ng swift ired Sell.(aborrle r'[I;le tick G an-
S 5 | & N B g =8 E€-g = T nism r ev icipa itati ith pa tick- ulti le Ig he
E g 2 £ = & R 58 £ 8 & 3 = orga lecula part ecess ts wi none ith m ctab in t
g5 g S oo ERS £ 8 sgH 5 & mo one te nece ipan tha ion w dete sure re-
EE e 2 i < 5.3 g7 b= £873 g @ or from, 1 sta rtic ore t fectio had XPO dy
8 S 5 5 2 = g o a, < 2 rt inica e pas tom f in ipants f e ish stu %)
S8 o ® 3 2% £8 g 5 e S Apa clin f th ure to ot 1nie ipa Is o dis 11
c} ;;‘; = 2 % Z 2 § z & E % :g) 52 + I or in anly 6% Ont exposlow rlSko partlclgw leveent S‘/\C]l('evidualS (et al.,
s g =5 s ~~:>’8 o ce ine a n . rec indi n
= 2 g o % E g i .-E‘ % 858 + more’nce of reggestlngrestinglyi’ndicatlnagst to 39 of 86 ln(SVenSSO
5 = g = T E = s Y 1 ide u te i tr .. ns
S .2 'T': £ E g 2 B + evlble 3), S.Sms. In microu’ark con icroti 11.'l € perso
2 & & E“?é 23 ' (Ta oorganl-nst Ba. is in st t Ba. m pOsitiv
= B 151 >E | 2 . 8 icri ai his ins ero
2 m ies ag T a s
ég E “ . 3o ] sg 8 tibodlesregionszbodies ?gn of Bbs bodies
N R .
S & E REERY studied IgG e populatio A
Em% oy © 233 ting te : ig. 1b) i ick-
g 5 & g N @ g - 2 por a selec isplaying (Fig. 1 on tlcl
g3 - o Bz, ¢ 8 33 S5 8 from nts dl~thEMtcomm et al,
87 - oo Z . : s 1
s 2 g = 1E . o= ; 18 % ks - 2019) TBE virus partlclpaically Wthe m?ielmssogsplayed
v 2 S| <8 5 o= in ; 15pla) -
S5 5 2= @ = vV g bsl and ion of ting cl I to be s (Wi also er tick
2= a3 3 = . § 1. B ort sen Bbs ion: ho oth ny
£33 ar A 5F = P . h o prehoWing died with EM w senced with & d
&S % 8 ) Vo & 8 5 - i ig. 3 s u it ure e rte
g S S ?E Ve v & £ s S 5 E e The }11)5%1 (Fig. nt dat? the Stipants wt exp 0; presentself‘repo one
2B < 2 g ; 2 2 S S 8 BE @ inst B rre in tic cen 3 d dn
5 & 5 & a, S 5 ¥ g : = S . cu isms ar re: le an in an ical
) . < L E a g 5] s ain h 1sm p f ab ds illin inica
Z 3 . 2 S =< 2 2 = Z = = ag wit an ee e 0 T Or' icilli lin:
8 g . & g g w-~a<v=}az nt org thr idenc d7, 1 rec nICIID c
=3 % -2 S g & o < q iste icro the vid an ica pe ting
5 < ] @ 8 o < S ) < S1 mi f € 6 edi on €s
98 B 3 S 3 .S < 55 o ne e o tory 4, m red sugg
<5 c g <3 & { & “ bor Non ora ases 4, the ove P,
S .2 = & 2 =0 < - . ab . (c n ec W-U]
g i g 2 g o 2 £5 £ 2013)mitant 1rgan“c’mas IlOte(zcase 7)t;1er follo
5 s g & B 5 8 nco icroo ms m fur
k= o & B @ S+ co mic to: the or
; = £l § @R g £8 borne al syInpone of turned f
538 5 g g 2 5 dleonal sy ore
= 2 2 g e Z ad ionna ing tw
EEx N = 5 questi emaini
g 3 & E E a ~ 03 E" of the r
o, ) % S A | L‘: EEN
go4 g 2z I e
2 % S| & ) o ] 2 N ©
@ 2| £ £ | DA 5 83
ey e | 25853
‘D @ o o ~ 2R
2 8 = SR
z S5 AN (&)
fi s g — = a3 '[:‘
[ =] 2 g . o
o £ 5 g IS
g5 2 o
o = 8 "g,
=5 E)
E523
[



L.F. Ocias, et al.

Table 4
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Overview of self-reported symptoms during the three-month study period in those with and without seroconversion against SFG Rickettsia spp. between enrolment
and the three-month visit, among the 86 study participants tested serologically. Participants who did not report on the presence or absence of a specific symptom
were left out of the calculations for that symptom (missing data; fever, n = 14; myalgia/arthralgia, n = 7, headache, n = 10, fatigue, n = 6, nausea, n = 15). SFG:

Spotted fever group.

Seroconversion against SFG Rickettsia spp. No seroconversion against SFG Rickettsia spp. P-value
Fever (%) 3/5 (60) 8/67 (12) 0.02
Myalgia/arthralgia (%) 4/5 (80) 39/74 (53) 0.37
Headache (%) 2/5 (40) 28/71 (39) 1.00
Fatigue (%) 4/5 (80) 36/75 (48) 0.36
Nausea (%) 1/5 (20) 6/66 (9) 0.41

recovery.

Of note, approximately half of all included participants had received
immunisation against TBE virus prior to enrolment, as reflected in the
high seroprevalence of anti-TBE virus IgG antibodies in the examined
subjects (Table 1 and Fig. 3). Two participants seroconverted against
TBE virus between the two visits. However, as one of them was im-
munised around the time of enrolment, the seroconversion was most
likely in response to the immunisation. The other participant was never
immunised and presented with TBE as previously described
(Henningsson et al., 2016).

4.2. N. mikurensis

Neoehrlichia mikurensis DNA was detected in two participants, both
presenting clinically with EM, as described elsewhere (Grankvist et al.,
2015). One of these participants was reported to have had persisting but
unchanging anti-Bbsl IgG antibodies above cut-off and the other parti-
cipant lacked anti-Bbsl antibodies on both visits (Grankvist et al., 2015).
However, on repeat testing using an in-house assay (Hansen and
Asbrink, 1989), we detected anti-Bbsl IgG in both participants (cases 6,
7, Table 3) with one of them (case 6) seroconverting between the two
visits, indicating recent Bbsl exposure and possibly suggesting an in-
cidental finding of N. mikurensis DNA in a patient with EM of borrelial
aetiology. Despite previous reports of N. mikurensis DNA detected in
immunocompetent patients with EM (Jahfari et al., 2016; Quarsten
et al., 2017), it has also been reported in asymptomatic persons (Welc-
Faleciak et al., 2014) and no causality has been established between
EM-like skin lesions and infection with N. mikurensis.

4.3. SFG Rickettsia spp

High bacterial loads are uncommon in the blood of patients with
rickettsiosis resulting in a reduced clinical sensitivity of PCR assays
which could explain the observed discrepancy between our serological
and molecular results (Paris and Dumler, 2016). Only one (case 1,
Table 3) of the five participants who seroconverted against SFG Rick-
ettsia spp. exhibited clinical features suggestive of rickettsiosis during
the intermediate healthcare visit, indicating a substantial proportion of
asymptomatic or mild infections. This participant presented with iso-
lated fever lasting for a period of two days prior to the intermediate
healthcare visit and had slightly elevated CRP at the time of the con-
sultation. No treatment was initiated and clinical recovery was ob-
served after two days with a spontaneously waning CRP over the next
two weeks. The remaining four participants had either no apparent
clinical signs of infection (cases 3 and 5), displayed clinical signs of EM
(case 4) or presented with clinical manifestations unlikely to be asso-
ciated with rickettsiosis (case 2). Of note, two participants (cases 2 and
3) reported fever in the self-completed questionnaire despite it not
being mentioned in the medical records, suggesting that fever had been
present during the study period but did not lead to a healthcare visit.
Moreover, the proportion of participants reporting fever in the self-
completed questionnaires was significantly higher in persons demon-
strating seroconversion against SFG Rickettsia spp. compared with those

lacking seroconversion (p = 0.02, Table 4). These findings are con-
sistent with most previous studies reporting mild febrile disease fol-
lowing exposure to R. helvetica (Fournier et al., 2004, 2000; Phongmany
et al., 2006), the most common SFG Rickettsia sp. in field-collected ticks
from Sweden (Wallménius et al., 2012). With this in mind, it is equally
important to note that all the symptoms inquired upon in the self-
completed questionnaires are non-specific and no causal association
between symptom and infectious agent can be inferred from the current
study. No eschars were noted in any of the participants and, despite
previous reports linking R. helvetica to neuroinfection (Nilsson et al.,
2011, 2010), no such cases were encountered in the current study.

Of note, three participants (cases 2, 4 and 5) exhibited both anti-
Rickettsia antibodies and antibodies against B. henselae. Given the low
occurrence of B. henselae in Scandinavian ticks and the as yet un-
established viability of ticks as vectors for this bacterial species (Telford
and Wormser, 2010), serological cross-reactivity between B. henselae
and SFG Rickettsia spp. is a possibility and has been reported elsewhere
(Takeda et al., 2007).

4.4. Strengths and limitations

This is the first study examining the aetiology of TTIs in high-risk
individuals seeking medical care following a tick-bite in the Nordic
countries with all available blood samples having been tested for some
of the most common tick-borne microorganisms present in these geo-
graphical regions. By selecting TBD STING study participants who had
sought medical care during the three-month study period, we included
those who were ill to such a degree that they chose to make a health-
care visit. Thus, the participants with TTI included in this study are the
ones with the most severe manifestations of their infections. Given that
participants not seeking medical care in this period of time could still
have experienced symptoms of TTI, those were most likely of a milder
and self-limiting nature.

It is important to note that selection bias is present and the study
participants do not constitute a random population sample. This is re-
flected by a predominance of females (74%) and a high median age of
64 years. Furthermore, the high number of ticks detached in the three-
month study period (median 6) as well as the high proportion of par-
ticipants with a self-reported history of LB or prior immunisation
against TBE (Table 1), suggests a population at particular risk of tick-
bites and exposure to tick-borne microorganisms. Previous studies have
observed increased participation rates in epidemiologic studies among
women and persons more likely to view the issue being studied as
particularly important to their way of life and this is likely the case in
the current study (Galea and Tracy, 2007). With this in mind, one must
exercise caution when extrapolating these results to the general popu-
lation. However, assuming that the study population is at a particularly
high risk of tick-bites and thus of contracting a TTI, it is likely that the
proportion of people seeking medical care following a tick bite in the
general population is lower than what we report in this study.

The high prevalence of persisting but unchanging anti-Rickettsia
antibody levels above cut-off (Fig. 3) could be indicative of prior tick-
mediated exposure. However, the prevalence is unexpectedly high,
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even surpassing the seroprevalence of antibodies against Bbsl, the most
frequently detected microorganisms in field-collected ticks from the
studied regions (Wilhelmsson et al., 2013). This could be suggestive of
non-specific background reactivity or other routes of exposure and
underscores the importance of local cut-off levels based on regional
seroprevalence studies and the importance of testing paired sequential
samples for diagnostic purposes. Of particular interest, high back-
ground seroprevalence levels of anti-Rickettsia IgG have previously been
reported among healthy blood donors in neighbouring Denmark
(Kantsg et al., 2009). It is likewise important to note that R. rickettsii
was used as antigen which could have reduced the sensitivity of the
assay for other species of SFG Rickettsia. However, due to the con-
siderable homology among the SFG Rickettsia, we expect the assay to be
capable of detecting the relevant tick-borne Rickettsia spp. present in
the Nordic countries, as has been previously suggested (Nilsson et al.,
1999). Since R. helvetica is the most common Rickettsia sp. in field-
collected ticks from this region, the detected anti-Rickettsia antibodies
most likely reflect exposure to this particular species (Wallménius et al.,
2012). However, it is important to keep in mind that the serological
assay used is not species-specific and could reflect exposure to other
species of SFG Rickettsia, including R. sibirica, which has previously
been detected in field-collected I ricinus ticks from Sweden
(Wallménius et al., 2012).

5. Conclusions

Our study indicates that, following a tick-bite in the studied regions,
the proportion of people developing symptoms leading to a healthcare
visit is generally low. Among the examined high-risk individuals who
sought medical care within three months following a tick-bite, many
presented with complaints unrelated to TTIs. Of those presenting with
TTIs, a large proportion displayed clinical signs of EM. Laboratory
evidence of recent exposure to tick-transmitted microorganisms other
than Bbsl was infrequent in this population of mostly im-
munocompetent individuals, with those exposed to these agents pre-
senting with no or only mild overt symptoms of infection. Finally,
concomitant exposure to more than one tick-borne microorganism was
uncommon and of no demonstrable clinical implication in the current
study.
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