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Abstract. Introduction. Knowledge about tick-borne disease (TBD) distribution is necessary to improve prevention, where-
as detection of human serum IgG antibodies against relevant pathogens is a method for monitoring TBD prevalence in lo-
cal population. The study objective was to estimate seroprevalence of IgG antibodies against tick-borne encephalitis virus
(TBEV), Borrelia burgdorferi sensu lato, Coxiella burnetii, Anaplasma phagocytophilum, and Ehrlichia chaffeensis/E. muris
in healthy residents from the five territories of the Northwestern Federal District of the Russian Federation (Arkhan-
gelsk Oblast, Leningrad Oblast, Pskov Oblast, the Republic of Komi and the Republic of Karelia). Materials and meth-
ods. In 2017-2019, a total of 1244 serum samples from healthy residents, not vaccinated against TBDs or other flavivirus-
caused infections was studied by ELISA. Results. 21.7% of the sera samples contained IgG antibodies against a single TBD
pathogen, whereas 2.1% showed signs of coinfection with two or more pathogens. The most common were IgG antibodies
against TBEV (5 territories, 12.2%), followed by Borrelia burgdorferi sensu lato (5 territories, 3.5%), C. burnetii (4 territo-
ries, 2.9%), Anaplasma phagocytophilum (3 territories, 1.6%), E. chaffeensis/E. muris (5 territories, 1.5%). The IgG antibod-
ies were more common in men (55.2%) than in women (44.8%), being found virtually evenly in age-independent manner
(from juniors under 18 to seniors over 60). Conclusion. The results of this first comprehensive serosurveillance study in the
Northwestern Federal District of the Russian Federation assessing serum IgG antibodies against tick-borne diseases in-
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dicate a wide distribution of such pathogens. Moreover, infections caused by C. burnetii, Anaplasma phagocytophilum, and
Ehrlichia chaffeensis/E. muris might be highly underdiagnosed.

Key words: seroprevalence, antibodies, tick-borne encephalitis, Lyme disease, human granulocytic anaplasmosis, human monocytic
ehrlichiosis, Q fever, European North of Russia.
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Pesiome. Bsedenue. 3HaHMe pacrpoCTpaHeHMs KJEUIEBbIX 3a00JieBaHUII HEOOXOAMMO MJIsl YAYUIIEHUS UX
npodUIaKTUKHU, a BblsiBiAeHUe IgG-aHTUTEN K X BO30OYIUTESIM B CHIBOPOTKAX KPOBU UeJIOBEKa SIBJISICTCS METOIOM
MOHUTOPUHTA PaCIpOCTPaHEHHOCTHU KJICIIEBBIX 3a00JeBaHUI Cpeau MECTHOro HaceneHus. Llenb mcciaenoBaHus:
M3y4YeHHUE CEPOITPEBaJICHTHOCTH MPAKTUIECKH 3T0POBOTr0 HaceleHU T ApXaHTeabcKoii, JIeHnHrpanackoii, [IckoBckoit,
obnacreit, Pecryonuk Komu n Kapenuu, pacrionoxeHHbIx Ha eBporieiickom CeBepe Poccuu, BoTHomeHun Bupyca K9,
Borrelia burgdorferi sensu lato, Coxiella burnetii, Anaplasma phagocytophilum n Ehrlichia chaffeensis/E. muris. Mamepuano:
umemodsi. Bcero 0b110 ccnenoBaHo 1244 cBIBOPOTKY KPOBH IMTPAKTUUCCKH 3I0POBBIX TN, ITOCTOSTHHO ITPOXMBAIOIIX
Ha JaHHOM TepPUTOPUHU, He BAKIIMHIPOBAHHBIX IIPOTHUB KJICIIEBOT0 SHIIe(haInTa 1 IPYTUX MHPEKIINIA, BEI3BIBAEMBIX
bnaBuBupycamu, mpodeccusi KOTOpbIX He CBsI3aHA C PUCKOM 3apakeHUs KielieBbiMU nHheKusiMu. ChIBOPOTKYU
KpOBU JAOHOPOB uccaenoBain MetonoM ELISA. Pezyasbmamer. YctaHoBieHo, 4To B 21,7% o6pa3suax UCCieI0BaHHbBIX
CBIBOPOTOK, TIOJTYYEHHBIX OT XKUTEJed BCeX aHAJIU3MPYEMbBIX TEPPUTOPHMI, OOHapyXeHbl aHTUTena Kjiacca IgG
K BO30YAMTEIIM pa3IMUHBIX MHPEKIIUA, Mepeaaolnxcs KieamMu, B TOM Jyucie B 26 mpobax — OJHOBPEMEHHO
K ABYM U 0oJiee matoreHaM. B ceiBopoTKax xkuteneit pecnyonuk Komu u Kapenus, a takxke JleHuHrpaackoii odaact
BBISIBJICHBI aHTHUTEJa KO BCEM MCCIEIOBaHHBIM aHTUIEHAM, B CHIBOPOTKAX XUTeJlelt ApXaHIeJbCKoil o0JacTu —
aHTUTeNa K BUPYCY KielieBoro sHuedanuta, Borrelia burgdorferi sensu lato, C. urnetiid v E. chaffeensis/E. muris
a B CBIBOpOTKax xxuTeneit IIckoBcKoii 001acT — aHTUTENa K BUPYCY KJeleBoro sHuedanuta, Borrelia burgdorferi
sensu lato v E. chaffeensis/E. muris. Y myxuuH IgG-aHTHTeNa K KJIeIEeBbIM MHOEKLIMSIM OIpeaesiinuch yanie (55,2%),
yeM y XeHIUUH (44,8%). 1gG-anTuTena K KiellueBbiM MHGEKLIUAM ObLIU ONpeae/eHbl IPAKTUYECKX PABHOMEPHO
y KUTeJIEl BCEX BO3PACTOB OT AeTCKOro (o 18 jet) mo moxuioro (ctapiue 60 net). Obcyxcoenue. IlpencraBaeHHbIE
pe3yNbTaThl TIEPBOTO KOMITJICKCHOTO 00CiemoBaHus XKuteieil esporeiickoro CeBepa Poccum Ha Haiamuunme B UX
ChIBOpOTKaxX KpoBu IgG-aHTUTEN K KJIeeBbIM WHMPEKIINSIM, CBUIETEICTBYET O IIUPOKOM PACTIPOCTPAHEHUM ITUX
WHGbEKIMI U, BEPOSITHO, O CYIIECTBEHHOU TMMOAUarHOCTUKE UHbeKIIniA, Bbi3biBaeMbIx C. urnetiid, Anaplasma phago-
cytophilum w Ehrlichia chaffeensis/E. muris.

Karouesvle caosa: ceponpesaseHmuHocns, aHmumend, Kaeujeoll sHyegarum, 60ae3us Jlaima, epanyroyumapHsli aHania3mo3
Yen08exa, MOHOUUMAapHsLil 3pauxuo3 yesoeexka, Ky-auxopaoka, Esponeiickuii Cesep Poccuu.

Introduction

TBDs are among important drivers of habitat
quality, public and herd health, as well as the epide-
miological safety of the local population [5]. Recent
social changes and stronger anthropogenic impacts
on abiotic components of landscapes may contrib-

ute to the evolution of those infections [1, 24]. In this
regard, any advance in understanding of TBDs real
distribution within a territory is of great importance
for prevention of these diseases.

TBD incidence rate is an important factor that
defines prophylaxis volume and methods within an
administrative unit. However, it does not always re-
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flect to a full degree the real spread of TBD, since
that depends much on the awareness of the local
population, their health seeking behavior, availability
and quality of medical care, qualification of medi-
cal personnel, availability of laboratory diagnostics,
etc. There is a high risk of underdiagnosis since most
of the human TBDs appear as subclinical forms [5].
Many patients are asymptomatic or experience mild
symptoms and, as a rule, do not seek medical help,
thus reducing the reported incidence rate. However,
the absence of pronounced symptoms does not ex-
clude the probability of chronic TBD course, result-
ing in disability or even fatal outcome [1, 8, 24, 48].
Knowledge of TBDs actual distribution is neces-
sary to improve its effective prevention in the area.
The detection of IgG antibodies to TBD pathogens
in blood sera of humans is a method for indicating
the real level of infection in the local population.

Among all TBDs it is TBE that poses the most so-
cially important problem in the Russian Federation,
being diagnosed in 46 subdivisions. At least 1508
cases of TBE were reported in 2018, including 153
in children under 14. TBE incidence rate was 1.3 per
100 thousand inhabitants; in 98% of cases the disease
developed after tick bites. Twenty two cases of TBE
were fatal; i.e. the infection case fatality rate was
0.7% [8].
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In 1996—2017, in Komi, in the European North
of Russia, the TBE case fatality rate was 2.3% [28].

The incidence of both TBE and LD remains rather
high in Northwestern Federal District of the Russian
Federation (NWFDREF) [1, 3, 10, 12, 49]. For exam-
ple, from 2006—2017 in Komi, the average TBE inci-
dence rate ran to 1.4, while that of LD was 0.8 [1].

HGA, HME and Q fever are practically not re-
corded in the European north of Russia, although
in some cases they are responsible for irrevers-
ible damage to the internal organs and disability
of patients [5].

The choice of territories under study of human
sera derives from the northward spread of ixodid ticks
in the European north of Russia [10]. Such expansion
in the tick’s geographic range contributes to favorable
conditions for TBDs distribution.

The objective of our work was to study the seroprev-
alence of IgG antibodies against TBEV, Borrelia burg-
dorferi sensu lato, Coxiella burnetii, Anaplasma phago-
cytophilum, and Ehrlichia chaffeensis/E. muris in the
healthy population of NWFDRF: in the Arkhangelsk
Oblast (AO), Leningrad Oblast (LO), Pskov Oblast
(PO), Republic of Komi and Republic of Karelia.
The purpose was to study the variation in seropreva-
lence of these indicators in different territories and
whether there are age and gender differences.
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Figure. Administrative divisions of the Northwestern Federal District

Note. 1 — Arkhangelsk Oblast, 2 — Vologda Oblast, 3 — Kaliningrad Oblast, 4 — Republic of Karelia, 5 — Komi Republic,
6 — Leningrad Oblast, 7 — Murmansk Oblast, 8 — Nenets Autonomous District, 9 — Novgorod Oblast, 10 — Pskov Oblast,
11 — St. Petersburg. The surveyed divisions (1, 4, 5, 6, 10) are highlighted in dark grey.
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Table 1. Distribution of donors by gender, by age, and by territory of residence

Territory Number Gender Age (years)
of residence ofdonors | Male | Female | <18 | 18-29 | 30-39 | 40-49 | 50-59 | >60
Republic of Komi 659 246 413 3 62 108 126 150 210
Republic of Karelia 292 148 144 0 35 109 95 45 8
AO 103 24 79 12 16 23 19 28
PO 98 42 56 0 21 23 35 17 2
LO 92 36 56 50 18 24 0 0 0
Total 1244 496 748 58 148 280 279 231 248

Materials and methods

The blood serum of healthy donors was sampled
in 5 administrative divisions of NWFDRF: Komi,
Karelia, AO, LO, PO. The territory of NWFDRF
involves numerous islands, however, all samples were
collected in mainland territory only. Figure shows
a map of NWFDRF with the designation of its ad-
ministrative units.

Blood was sampled in 2018—2019 after informed
voluntary consent of donors and based on their per-
sonal data (Table 1). The inclusion criteria were as
follows: good health at study entry; no professional
risk of TBD acquisition; no history of vaccination
against TBD and/or other infections caused by fla-
viviruses; no manifest forms of TBD; no diseases or
conditions that affect the results of serological stud-
ies; residence in the territory under study and no trips
out of it for several years at least.

Blood was sampled from the cubital vein into
vacuum tubes, followed by centrifugation (10 min,

3000 rpm), freezing and storage of sera at —70°C.
Subsequent transportation of the material was car-
ried out in compliance with the “cold chain”. All sera
samples were analyzed by ELISA with commercial
test systems for detection of:

— IgG antibodies to TBEV — “VectoVKE-IgG”

(CJSC “Vector-Best”, Novosibirsk),

— IgG antibodies to Borrelia burgdorferi sensu

lato — “LimeBest” (CJSC “Vector-Best”, Novo-

sibirsk),

— IgG antibodies to Coxiella burnetii, “Anti-Q”

(Pasteur Institute, St. Petersburg),

— IgG antibodies to Amaplasma phagocyto-

philum — “GACh-ELISA-IgG” (LLC “Omnix”,

St. Petersburg),

— IgG antibodies to Fhrlichia chaffeensis/

E. muris — “MECH-IFA-IgG” (LLC “Omnix”,

St. Petersburg).

All sera samples were tested according to the
manufacturer’s manuals. The test results were clas-
sified as positive, negative, or borderline according

Table 2. IgG antibodies to TBD pathogens in sera of NWFDRF residents

IgG-antibody-positive samples (number of positive/seroprevalence, %)
2 L E - S| 2 £q
=fn 0 - = — (2]
Territory Number §E S £ Z S¢ § ? & S % 2 glq-, s
of residence | of samples > b4 S= o 3 S 88 Q3 @s D
= T © = » S 3 > & € Qo
8S% | 38 | &a5% S g8 8y | BER
228 28 35 S D S 3s5a
- H - 0\
< 5 | u g
Republic Kk
of Komi 659 149/22.6 83/12.6 21/3.2 23/3.5 15/2.3 714 15/2.3
Republic
of Karelia 292 59/20.2 38/13.0 9/341 9/3.1 1/0.3 2/0.7 5/1.7
AO 103 15/14.6 7/6.8 2/1.9* 1/1.0 0 5/4.9** 1/1.0
PO 98 19/19.4 11/11.2 5/5.1 0 0 3/3.1 2/2.0
LO 92 28/30.4 13/14.1 6/6.5* 3/3.3 4/4.3 2/2.2 3/3.3
Total 1244 270/21.7 152/12.2 43/3.5 36/2.9 20/1.6 19/1.5 26/2.1

Note. When comparing the seroprevalence rates of IgG antibodies against TBD pathogens significant differences were found: *in relation to Borrelia
burgdorferi sensu lato in AO and LO: the corresponding value of Fisher’s criterion is 1.651 (while for p=0.01 the critical value is 1.450); **in relation
to E. chaffeensis/E. muris in Komi and AO: the corresponding Fisher’s criterion is 2.244 (while the critical value for p=0.01is 1.450).
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to the instructions enclosed in the diagnostic sys-
tems. Considering the probability of false positive
results due to the common antigenic sites of some
antigens, any borderline results were regarded as
negative. In addition, for a more objective assess-
ment of the results on TBEYV, all sera containing [gG
antibodies to TBEV according to VectoVKE-IgG
system (CJSC Vector-Best, Novosibirsk, Russia)
were simultaneously studied using the test sys-
tem Enzygnost® Anti-TBE/FSME Virus (IgG)
(Siemens Healthcare, GmbH, Marburg, Germany),
both with specificity 99.5% according to the manu-
facturer’s manual.

The distribution of our sera donors’by gender, age
and territory of residence is shown in Table 1.

Results

Inthisstudy 1244 serasamples were tested for TBD
pathogens. The parallel studies of 152 sera samples
analysed for IgG antibodies to TBEV by VectoVKE-
IgG were confirmed by Enzygnost® Anti-TBE Virus
(IgG). The results of detection of IgG antibodies
to the TBD pathogens Borrelia burgdorferi sensu lato,
Coxiella burnetii, Anaplasma phagocytophilum, and
FEhrlichia chaffeensis/E. muris are shown in Table 2.

From the 1244 studied sera samples IgG an-
tibodies to TBD pathogens were detected in 270
(21.7%), where 26 (2.1%) samples contained an-
tibodies to more than one pathogen. The overall
seroprevalence was highest in LO (30.4%), then
followed by Komi (22.6%), Karelia (20.2%), PO
(19.4%) and AO (14.6%). 1gG antibodies to all five
TBD pathogens (TBEYV, Borrelia burgdorferi sensu
lato, C. burnetii, Anaplasma phagocytophilum and
E. chaffeensis/E. muris) were found in sera samples
from Komi, Karelia and LO. In AO we revealed anti-
bodies to four (TBEV, Borrelia burgdorferi sensu lato,
C. burnetii and E. chaffeensis/E. muris), while in PO
only to three of them (TBEV, Borrelia burgdorferi
sensu lato and E. chaffeensis/E. muris).

The number of samples from each territory was
not sufficient to conclude on statistically significant
differences in frequency of antibodies to the patho-
gens in this study.

However, from Table 2 the seroprevalence of IgG
antibodies to TBEV and Borrelia burgdorferi sensu
lato was 2.1 and 3.4 times higher in LO than in AO,
respectively, while in Komi, Karelia and PO the per-
cent of antibody-positive samples for these pathogens
essentially did not differ, except for a slightly higher
prevalence of Borrelia in PO and LO. In other terri-
tories the seroprevalence of IgG antibodies to TBEV
did not vary significantly.

The highest seroprevalence to A. phagocytophi-
lum was recorded in LO, to E. chaffeensis/E. muris
the highest prevalence was detected in AO, and
for C. burnetii 1gG antibody seroprevalence in Kare-
lia, Komi and LO was nearly the same.

1gG antibodies to all studied TBD pathogens were
detected more often in men (55.2%) than in women
(44.8%). The difference is especially demonstrated
for IgG antibodies to TBEV where seroconversion
was 15.7% in men, while only 9.9% in women.

In our study IgG antibodies to TBD did not de-
pend considerably on the donor’s age, being near-
ly the same for juniors (< 18 years) and seniors
(> 60 years). However, IgG antibodies to B. burgdor-
feri sensu lato and A. phagocytophilum were detected
in juniors somewhat more often than in seniors. IgG
antibodies to Coxiella burnetii were highest in sen-
iors (> 50 years), while IgG antibodies to Borrelia
and Anaplasma, on the contrary, were highest in the
youngest group (< 18 years) (see Table 3).

Discussion

Ixodid ticks are among the most important vec-
tors of human TBDs, including TBE, LD, HGA
and HME [4, 30]. The epidemiological profiles
of those TBDs are nearly similar. Therefore, in the
majority of cases IgG antibodies against TBEYV,
B. burgdorferi sensu lato, A. phagocytophilum, and
E. chaffeensis/E. muris are indicative of frequent ex-
posure to infected ticks within the studied territo-
ries. Seroprevalence is indicative of both the activity
in TBD natural foci and the risk of infection in the
local population [5]. On the contrary, the probability
of catching Q fever directly from ixodid ticks is in-
significant [25]; therefore, the IgG antibodies against

Table 3. Age distribution of donors with IgG antibodies to TBD pathogens

IgG antibody-positive/all donors; percent of antibody-positive (%)
TBD pathogen <18 18-29 30-39 40-49 50-59 >60 Total

n=58 n=148 n=280 n=279 n=231 n=248 n=1244
TBEV 6/10.3% 19/12.8% | 39/13.9% | 39/14.0% | 24/104% | 25/101% | 152/12.2%
B. burgdorferi sensu lato 4 /6.9% 3/2.0% 11/3.9% 8/2.9% 8/3.5% 9/3.6% 43/3.5%
A. phagocytophilum 3/5.2% 2/1.4% 1/0.4% 4/1.4% 4/1.7% 6 /2.4% 20/1.6%
E. chaffeensis/E. muris 2/3.4% 5/3.4% 1/0.4% 4/1.4% 3/1.3% 4/1.6% 19/1.5%
C. burnetii 1/1.7% 4/2.7% 5/1.8% 6/2.2% 9/3.9% 11/4.4% 36/2.9%
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C. burnetii are more indicative of Q fever anthro-
pogenic foci activity. The role of ixodid ticks in the
C. burnetii distribution is largely due to the infection
of wild, agricultural and domestic animals. In addi-
tion, these blood-sucking arthropods infected with
C. burnetii feed on migratory birds that transfer
the infection to virgin territories [17, 52].

Here we present our first comprehensive sero-
survey of humans in five administrative units of the
NWFDREF for the presence of IgG antibodies against
TBEYV, B. burgdorferi sensu lato, A. phagocytophilum
and E. chaffeensis/E. muris and C. burnetii. The re-
sults indicate that the proportion of TBD-infected
populations in different territories varies.

Our results on the seroprevalence of IgG anti-
body to TBEV in AO (6.8%) and in Komi (12.6%)
are close to those reported earlier (7.9% and 13.7%,
respectively) [10, 51]. The index varies much de-
pending on the territory under study. E.g., in the
south of AQ, it reached 20.9% [10]. Seroprevalence
beingthe result of a permanent dynamic process de-
pends both on the activity of TBD natural foci and
the frequency of humans’ exposure. An illustrative
example is the increased seroprevalence of IgG an-
tibodies to TBEV in the population of Komi be-
tween 2001 and 2013 from 3.5% to 13.7%, prob-
ably due to climatic changes [49], that favor both
northward expanding of tick geographic ranges
and exposure of local inhabitants to infected tick
bites [51]. An increase in TBEV seroprevalence
is typical not only for the North of Russia; a simi-
lar trend has been observed in some regions of the
Czech Republic [35].

Here we studied the seroprevalence of IgG an-
tibodies to TBEV in the healthy population of the
Northwestern Russia, while researchers in Europe
focus mostly on occupationally-risk groups. However,
in many European countries the reported TBEV-
seroprevalence in high risk occupationally exposed
groups is much less (e.g., only 2.3% in France [43]),
than that of healthy donors in NWFDRF, where
the seroprevalence is 12.2%. Serosurveillance of 1213
healthy donors in Western Norway showed little to no
TBEYV prevalence among local residents [31]. Similar
results were obtained from a survey of healthy do-
nors in other areas (Vestfold and Telemark coun-
ties) in Norway. Only 0.4% of them had antibodies
to TBEV [36, 38].

Our findings on seroprevalence of IgG antibod-
ies to B. burgdorferi sensu lato. In NWFDRF (3.5%)
do not differ much from those reported in other
European countries. E.g., in Belgium B. burgdor-
feri sensu lato seroprevalence in a healthy population
of blood donors was 2.6—2.9% [21].

HGA must be classified as an emerging in-
fection in NWFDRF. HGA was first diagnosed
in 1990 in Wisconsin (USA) in a patient with a tick
bite history and severe febrile illness [18]. However,
under-diagnosis of HGA is typical for many coun-

tries, including USA [40]. The incidence of human
HGA cases in Europe is lower (estimated under
300) than reported from the USA, where a steady
increase has been reported since 2001, with more
than 15,000 accumulated cases until 2015 [16].
HGA cases have now been reported from Austria,
Croatia, France, Italy, Latvia, the Netherlands,
Norway, Poland, Slovenia, Spain, and Sweden [37,
39]. There is an incongruence between human
seroprevalence and observed clinical cases that
might arise from incomplete diagnosis, or a high
rate of asymptomatic infections [41]. In Russia,
as well as in other European countries, HGA
is rarely registered. In many territories of Russia,
where ticks infected with A. phagocytophilum were
found, HGA is not diagnosed [9]. A similar situ-
ation is observed in NWFDRF, where 4. phago-
cytophilum was also found in ticks [26], and HGA
is not diagnosed in humans either. It is possible
that HGA patients are given a different diagno-
sis, for example, “FIu” or “fever of unknown etio-
logy.” The discrepancy between the relatively high
seroprevalence rates for A. phagocytophilum (4.3%
in LO), and the lack of diagnosis of this infection
in humans in NWFDREF, revealed by us, is prob-
ably due to the wide spread of asymptomatic forms
of this disease and the imperfection of its diag-
nosis [41]. Despite the obviously ubiquitous pres-
ence of A. phagocytophilum in ticks and various
wild and domestic animals in the European North
of Russia [26], the reported HGA clinical cases are
very rare, and territories with A. phagocytophilum-
infected ticks are much more numerous than those
with a few registered HGA cases [41]. However,
in S.P. Botkin hospital in St. Petersburg antibod-
ies to HGA were detected in 16 of 934 tick-bitten
febrile patients, while no other antibodies to TBD
pathogens (TBEV or B. burgdorferi sensu lato)
were found. In two of these 16 patients an increase
in IgG antibodies to A. phagocytophilum was re-
corded which, along with the clinical picture and
pre-existing tick bites, made it possible to diag-
nose HGA. In Europe rather high HGA seropreva-
lence rate was detected in TBE-suspected patients:
30.96% in Belgium [20], 25% in Slovakia [34],
16.28% in donors in Norway [31], 11.4—-28%
in Sweden [40, 46], and 3.5—9.4% in Poland [19,
53]. According to our findings the average level
of HGA seroprevalence in the healthy popula-
tion of NWFDRF was 1.6% (though 4.3% in LO)
that is less than in most of the European countries
mentioned above. This comparatively low sero-
prevalence, on the one hand, may stem from lower
A. phagocytophilum prevalence in the territories un-
der study; on the other hand, it may be due to dif-
ferent methods of antibodies detection and differ-
ences in the surveyed contingents. To detect 1gG
antibodies to A. phagocytophilum in Europe the IFA
assay was mostly applied to survey “occupational
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risk” groups, while here we used ELISA and ap-
plied it in healthy donors without “occupational
risk”. However, in our opinion, even the relatively
low figures for A. phagocytophilum seroprevalence
in LO, Komi and Karelia substantiate the need
to examine tick-bitten febrile patients for the pres-
ence of antibodies to 4. phagocytophilum.

HME, despite its clinical resemblance to HGA,
is characterized by more severe course and a higher
mortality rate [24]. HME is widespread in the south-
eastern, southern, central, and mid-Atlantic parts
of the United States. In 2015, E. chaffeensis infection
was reported in 35 states, with most numerous cas-
es in Missouri, Arkansas, New York, and Virginia.
In the European Union, E. chaffeensis is not subject
to registration [37], however, HME cases have been
reported in Serbia [15], Czech Republic, Denmark,
Sweden, and other countries [28], but those find-
ings are fragmentary. In the Russian regions diag-
nosis of HME cases are rare compared to detection
of E. chaffeensis/E. muris in ticks [1]. However, our
earlier serological studies revealed the HME occur-
rence in the North-West of Russia: e.g., in the healthy
population of St. Petersburgs outskirts the seropreva-
lence of IgG antibodies to E. chaffeensis/E. muris was
4.4% [50].

In this study the seroprevalence of IgG antibodies
to E. chaffeensis/E. muris in average was 1.5%. It was
revealed in all territories under study and varied from
0.7% (in Karelia) to 4.9% (AO). Those findings are
consistent with an earlier communication on de-
tection of IgG antibodies to E. chaffeensis/E. muris
in the sera of 23.3% of febrile patients hospitalized
in Arkhangelsk city after tick bites [50].

Q fever is diagnosed in humans and animals, and
its natural or household foci are identified practi-
cally all over the world, with the possible exception
for New Zealand [14]. Not all countries have man-
datory registration of Q fever incidence, however,
the infection is usually diagnosed where appropriate
research is carried out [33]. In Europe, Q fever is reg-
ularly notified in many countries, e.g., in Bulgaria,
France and Germany [27]. The largest known Q fe-
ver outbreak reported to date involved approximately
4,000 human cases (25 fatal) and occurred during
2007—2010 in the Netherlands [22, 25, 44]. In the
NWPFDREF, a large outbreak of Q fever was recorded
at the end of 20'" century [2].

In our study, IgG antibodies to C. burnetii were
detected in all studied territories, with the exception
for PO, while in Karelia, Komi and LO it was rather
high (> 3%).

However, Q fever is not diagnosed in NWFDRF
in recent years, and only one Q fever case was diag-
nosed in LO in 2017—2019.

Among the reasons for Q fever under-diagnosis
is the difficulty of its clinical recognition due to pro-
nounced polymorphism of the disease manifesta-
tions and the absence of pathognomonic symptoms.

Significant under-diagnosis of Q fever causes ir-
rational treatment, resulting in chronicity. Chronic
Q fever is a very frequent outcome of the disease.
For example, in the south of France 5—8% of all
endocarditis cases are caused by C. burnetii [48].
Such development of the disease in humans is often
fatal [42].

Comparison of IgG antibody seroprevalence
in LO (3.3%) with the same long-term indicator
in the city of St. Petersburg (0.4%) [6] lends indi-
rect support to the view that ixodid ticks play a rela-
tively small role in C. burnetii infection in humans.
The overwhelming majority of St. Petersburg resi-
dents annually spend their recreation time in LO
and tick-bitten by ixodid ticks [12]. However, the IgG
antibody seroprevalence in the city residents is much
lower than in the LO population, because a larger part
of the LO population tend to temporary be in contact
with animals at livestock enterprises or private farms
compared to city residents.

In our study, IgG antibodies to TBDs were de-
tected in humans of various ages, from children
(< 18 years) to the elderly (> 60 years). Similar find-
ings are available for Russia as a whole [7]. The age
dependence of seroprevalence was insignificant.

The most significant gender differences in sero-
prevalence rates were related to TBE.

In men, the seroprevalence of IgG antibodies
to TBEYV exceeded that in women, probably to a cer-
tain extent due to their exposure to ticks during tra-
ditional out-of-doors occupations (fishing, hunting,
hiking, etc.).

Analysis of modern literature on infections
transmitted by ixodid ticks suggests that any dis-
ease resulting from tick bites should be considered
as a potential mixed infection. Coinfection of two
or more pathogens during the disease development
complicates the diagnosis of mixed infections [4].
It was found that in northwestern Russia, mixed in-
fection without pronounced clinical manifestations
occurs 7.6 times more often than with the devel-
opment of the clinical picture of diseases [11, 13].
In our study, antibodies to two or more pathogens
were detected in 2.1% of sera samples, and as a rule,
those were IgG antibodies to TBEV and Borrelia
burgdorferi sensu lato. Our findings do not allow
us to determine whether people were infected with
those two pathogens simultaneously or from differ-
ent tick bites. Although, considering the pathogens
ability to persist in a human body, it can be assumed
that individuals with coinfections may have a greater
risk of chronicity.

When testing sera by the ELISA methods one
cannot completely exclude the possibility of false-
positive results. To minimize this risk in our study
we interpreted the borderline results as negative, and
similar results from two different test systems in par-
allel was required to conclude that a sample was
positive.
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However, for our purpose, the absolute figures are
less important than the variation in seroprevalence
of those indicators in different territories, and in per-
sons of different ages and gender.

Conclusions

A sizable portion (on average 21.7%) of NWFDRF
population is infected with TBD pathogens. The per-
cent of infected population varies significantly depend-
ing on the territory. The presence of IgG antibodies
to TBD pathogens in the sera of humans in the absence
of reported incidence is indicative of underdiagnosis
of those TBDs. The discrepancy between our findings
on seroprevalence and the reported TBDs prevalence
is largely due to the absence of pathognomonic symp-
toms in these diseases, its mild, asymptomatic clinical
course in some cases, and insufficient laboratory diag-
nostics. Significant underdiagnosis of TBDs as a conse-
quence of irrational treatment results in chronic course
and lethality, therapeutic misconception, erroneous
ideas about the real distribution of TBDs and the lack
of proper alertness of medical staff to those diseases.

Men are infected with TBDs more often than
women. However, people, starting from children
(< 18 years old) to the elderly (> 60 years old) were
found to be infected with TBD pathogens almost
evenly irrespective of age. Infection with two or more
TBD pathogens was detected in 2.1% of the surveyed
humans.

The detection of IgG antibodies to TBD patho-
gens in the northern territories, where TBDs never
had been diagnosed, confirms indirectly the north-
ward expansion of tick habitats [10, 46, 51]. Similar
expansion of ixodid tick habitats has also been ob-
served in other countries of the Northern Europe [32,
45, 47]. Of particular concern is the health of the in-
digenous population of the North, who historically
had never been exposed to ticks and more vulnerable
to tick-borne infections [29].
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