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Abstract

Introduction: Knowledge about tick-borne disease (TBD) distribution is
necessary to improve prevention, whereas detection of human serum IgG antibodies
against relevant pathogens is a method for monitoring TBD prevalence in local
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 (Arkhangelsk Oblast, Leningrad Oblast, Pskov Oblast, the
Republic of Komi and the Republic of Karelia). Materials and methods: 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 territories, 2.9%),
Anaplasma phagocytophilum (3 territories, 1.6%), E. chaffeensis /E. muris (5
territories, 1.5%). The IgG antibodies 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
indicate a wide distribution of such pathogens. Moreover, infections caused by C.
burnetii, Anaplasma phagocytophilum, and Ehrlichia chaffeensis /E.muris might be
highly underdiagnosed.
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European North of Russia

Pe3rome.

Beenenue: 3HaHme  pacmpocTpaHEHHs ~— KICHIEBBIX  3a00JeBaHUN
HEOOXOMMO IS YAYUIIeHUsS UX MpoduiaakTuky, a BoisiBiaeHue [gG-anTuTen Kk ux
BO30OY/AMTENIIM B CHIBOPOTKAX KPOBHU UYENOBEKA SBIISETCS METOJOM MOHUTOPUHIA
pacmnpoCTpaHEHHOCTH KJICIIEBHIX 3a00JIeBaHUN Cper MECTHOTro HaceneHus. Llenpb
UCCJICIOBAHMS: M3YyUYEHHE  CEPONPEBAICHTHOCTH  MPAKTUYECKH 3J0POBOTO
HacesleHus: ApxaHrenbckol, Jlenunrpaackol, IlckoBckoit, obmactelt, PecrmyOauk
Komu u Kapenuu, pacrionoxeHHbIX Ha eBporieiickom CeBepe Poccun, B OTHOLIEHUN
Bupyca K3, Borrelia burgdorferi sensu lato, Coxiella 6urnetiid, Anaplasma
phagocytophilum, and Ehrlichia chaffeensis /E.muris. Matepuanbl 1 METO/IbI. BCETO
ObUI0 HccnenoBaHo 1244 CHIBOPOTKM KpPOBU MPAKTHUYECKH 30POBBIX JIHII,
MOCTOSIHHO MPOKUBAIOIIUX HA IAHHOW TEPPUTOPHH, HE BAKIIMHUPOBAHHBIX MPOTUB
KJIEIIEBOrO HHIeQannuTa M Apyrux WHGEKUUH, BBI3bIBAEMBIX (DIaBUBHUPYCAMHU,
npodeccusi KOTOPHIX HE CBSI3aHA C PUCKOM 3apaKeHMsI KJICIIEBbIMU MHOEKIUSIMHU.
CbhIBOpOTKH KpOBH JOHOpPOB wuccieaoBanu MetogoM ELISA. PesynbraTs:
YCTaHOBJIEHO, 4TO B 21,7% 00pa3iax uccieJOBaHHBIX CHIBOPOTOK, MOTYUYEHHBIX OT
KUTEJEeN BCeX aHAJIM3UPYEMbIX TEPPUTOPHil, OOHapYKeHbI aHTUTeNa Kiacca 1gG k
BO3OYAUTEINISAM Pa3TUIHBIX HHPEKIIMH, TTePEeTArOIINXCS KIICTaM1, B TOM YHUCIIe B 26
npo0ax OJHOBPEMEHHO K JBYM M OoJiee maroreHam. B cbIBOpOTKax >KuUTelen
Pecny6nuk Komu u Kapenus, a Tak JIeHUHrpaackoil 00JacTH BbISIBJIEHBI aHTUTENA
KO BCEM HCCIIEIOBAHHBIM AHTUIEHAM, B CBIBOPOTKAX JKHUTENIEU APXaHIEIbCKOU
00J1acTH — aHTHUTENA K BUPYCY KJieleBoro ’Hedanura, Borrelia burgdorferi sensu

lato, C. 6urnetiid u E. chaffeensis/ E. muris a B ceiBOpoTKax xuteneit [IckoBckoi
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00JIacTH - aHTUTEJIa K BUPYCY KienieBoro sHuedanura, Borrelia burgdorferi sensu
lato u E. chaffeensis/ E. muris. Y myxuun [gG — anTHTENA K KJIEMIEBHIM UHHEKIHSIM
onpenensics  yvame (55,2%), yem y sxkenmuH (44,8%.). 1gG —anTuTena
KJIEMIEBHIM WH(EKIHUAM ObLTH OTpEACICHBI MPAKTUISCKH PABHOMEPHO Y JKUTENIEH
BCEX BO3pAacCTOB OT JeTckoro (mo 18mer) mo moxwioro (crtapmie 60 jeT).
OOcyxeHue: TpeCTaBICHHBIC pe3yNIbTaThI MEPBOTO  KOMIUIEKCHOTO
oOcnenoBanusi skureneid  espomeiickoro CeBepa Poccum Ha Hanmwume B WX
CBIBOPOTKax KpoBu IgG -aHTUTEN K KIIEMIEBBIM WH(DEKINIM, CBUAECTEILCTBYET O
IIMPOKOM PaCIPOCTPAHEHUH STUX WH(GEKIHWHA W, BEPOATHO, O CYIIECTBEHHOU
TUNOAUarHocTuke  uHpeknuit, BelbBaeMbix C.  7urnetiid,  Anaplasma

phagocytophilum, and Ehrlichia chaffeensis /E.muris.

KiaruyeBble c10Ba:  CEpONPEBANIEHTHOCTh;,  AHTUTENA;  KIICIIEBOU
sHHeanut; Oone3np JlaiiMa; TrpaHyJIOUUTApHBIM  aHamIa3Mo3  4YeJOBEKa;

MOHOLIMTAPHBIN 3pauxuo3 uenoseka; Ky-nuxopanka; EBponerickuii CeBep Poccum.
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Introduction

TBDs are among important drivers of habitat quality, public and herd health, as well
as the epidemiological safety of the local population [4]. Recent social changes and
stronger anthropogenic impacts on abiotic components of landscapes may contribute
to the evolution of those infections [24, 28]. 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 reflect 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 medical personnel, availability of laboratory diagnostics, etc.
There is a high risk of underdiagnosis since most of the human TBDs appear as
subclinical forms [4]. 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 exclude the probability of
chronic TBD course, resulting in disability or even fatal outcome [24, 28, 7, 49].
Knowledge of TBDs actual distribution is necessary 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 socially 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% [7].
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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 NWFDRF [28, 2, 11, 9,
51]. For example, from 2006-2017 in Komi, the average TBE incidence rate ran to
1.4, while that of LD was 0.8 [28].

HGA, HME and Q fever are practically not recorded in the European north of Russia,
although in some cases they are responsible for irreversible damage to the internal
organs and disability of patients [4].

The choice of territories under study of human sera derives from the northward
spread of ixodid ticks in the European north of Russia [9]. Such expansion in the
tick’s geographic range contributes to favorable conditions for TBDs distribution.
The objective of our work was to study the seroprevalence of IgG antibodies against
TBEV, Borrelia burgdorferi sensu lato, Coxiella 9Yurnetiid, Anaplasma
phagocytophilum, and Ehrlichia chaffeensis/E.muris in the healthy population of
NWEFDREF: in the AO, LO, PO, Komi and Karelia. The purpose was to study the
variation in seroprevalence of these indicators in different territories and whether

there are age and gender differences.

2. Materials and methods

The blood serum of healthy donors was sampled in 5 administrative divisions of
NWFD RF: Komi, Karelia, AO, LO, PO. The territory of NWFD RF involves

numerous islands, however, all samples were collected in mainland territory only.

Figure 1 shows a map of NWFD RF with the designation of its administrative units.

Figure 1. Administrative divisions of the Northwestern Federal District: 1-
Arkhangelsk Oblast (AO), 2- Vologda Oblast, 3- Kaliningrad Oblast, 4 — Republic
of Karelia (Karelia), 5 — Komi Republic (Komi), 6 — Leningrad Oblast (LO), 7-

Murmansk Oblast, 8 — Nenets Autonomous District, 9- Novgorod Oblast, 10- Pskov
Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)
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Oblast (PO), 11 — St. Petersburg city. Five surveyed divisions (1, 4, 5, 6, 10) are

marked out in dark. https://creativecommons.org/licenses/by-sa/3.0/deed.en.

Blood was sampled in 2018-2019 after informed voluntary consent of donors and
based on their personal 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 flaviviruses; no manifest
forms of TBD; no diseases or conditions that affect the results of serological studies;

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 carried 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”, Novosibirsk),

- IgG antibodies to Coxiella 10urnetiid, “Anti-Q” (Pasteur Institute, St.
Petersburg),

- IgG antibodies to Anaplasma phagocytophilum — “GACh-ELISA-IgG” (LLC
“Omnix”, St. Petersburg),

- IgG antibodies to Ehrlichia 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 classified as positive, negative, or borderline according to the
instructions enclosed in the diagnostic systems. Considering the probability of false

positive results due to the common antigenic sites of some antigens, any borderline
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results were regarded as negative. In addition, for a more objective assessment of
the results on TBEV, all sera containing IgG antibodies to TBEV according to
VectoVKE-IgG system (Vector-Best CJSC, Novosibirsk, Russia) were
simultaneously studied using the test system Enzygnost® Anti-TBE/FSME Virus
(IgG,) (Siemens Healthcare, GmbH, Marburg, Germany), both with specificity
99.5% according to the manufacturer’s manual.

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

in Table. 1.

3. Results

In this study 1244 sera samples 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
1 lurnetiid, Anaplasma phagocytophilum, and Ehrlichia chaffeensis/E.muris are

shown 1n Table 2.

From the 1244 studied sera samples IgG antibodies to TBD pathogens were
detected in 270 (21.7%), where 26 (2.1%) samples contained antibodies 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%). IgG antibodies to
all five TBD pathogens (TBEV, Borrelia burgdorferi sensu lato, C. Ilurnetiid,
Anaplasma phagocytophilum and E. chaffeensis/E. muris) were found in sera
samples from Komi, Karelia and LO. In AO we revealed antibodies to four (TBEV,
Borrelia burgdorferi sensu lato, C. I lurnetiid and E. chaffeensis / E. muris), while
in PO only to three of them (TBEV, Borrelia burgdorferi sensu lato and E.
chaffeensis / E. muris).
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The number of samples from each territory was not sufficient to conclude on
statistically significant differences in frequency of antibodies to the pathogens 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 percent 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 territories the seroprevalence of IgG
antibodies to TBEV did not vary significantly.

The highest seroprevalence to A. Phagocytophilum was recorded in LO, to E.
chaffeensis/E. muris the highest prevalence was detected in AO, and for C.
12urnetiid 1gG antibody seroprevalence in Karelia, Komi and LO was nearly the
same.

IgG 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 depend considerably on the donor’s
age, being nearly the same for juniors (<18 years) and seniors (> 60 years). However,
IgG antibodies to B. burgdorferi sensu lato and A.phagocytophilum were detected
in juniors somewhat more often than in seniors. IgG antibodies to Coxiella
1 2urnetiid were highest in seniors (> 50 years), while IgG antibodies to Borrelia and
Anaplasma, on the contrary, were highest in the youngest group (<18 years) (see

Table 3).

4. Discussion

Ixodid ticks are among the most important vectors of human TBDs, including

TBE, LD, HGA and HME [4, 31]. The epidemiological profiles of those TBDs are
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nearly similar. Therefore, in the majority of cases IgG antibodies against TBEV, B.
burgdorferi sensu lato, A. phagocytophilum, and E. chaffeensis/ E. muris are
indicative of frequent exposure to infected ticks within the studied territories.
Seroprevalence is indicative of both the activity in TBD natural foci and the risk of
infection in the local population [4]. On the contrary, the probability of catching Q
fever directly from ixodid ticks is insignificant [25]; therefore, the IgG antibodies
against C. [ 3urnetiid are more indicative of Q fever anthropogenic foci activity. The
role of ixodid ticks in the C. /3urnetiid distribution is largely due to the infection of
wild, agricultural and domestic animals. In addition, these blood-sucking arthropods
infected with C. /3urnetiid feed on migratory birds that transfer the infection to
virgin territories [17, 50].

Here we present our first comprehensive serosurvey of humans in five
administrative units of the NWFDRF for the presence of IgG antibodies against
TBEV, B. burgdorferi sensu lato, A. phagocytophilum and E. chaffeensis/ E. muris
and C. [3urnetiid. The results indicate that the proportion of TBD-infected
populations in different territories varies.

Our results on the seroprevalence of IgG antibody to TBEV in AO (6.8%) and
in Komi (12.6%) are close to those reported earlier (7.9% and 13.7%, respectively)
[9, 53]. The index varies much depending on the territory under study. E.g., in the
south of AQ, it reached 20.9% [9]. Seroprevalence being the result of a permanent
dynamic process depends both on the activity of TBD natural foci and the frequency
of humans’ exposure. An illustrative example is the increased seroprevalence of IgG
antibodies to TBEV in the population of Komi between 2001 and 2013 from 3.5%
to 13.7%, probably due to climatic changes [51], that favor both northward
expanding of tick geographic ranges and exposure of local inhabitants to infected
tick bites [53]. An increase in TBEV seroprevalence is typical not only for the North
of Russia; a similar trend has been observed in some regions of the Czech Republic

[36].
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Here we studied the seroprevalence of IgG antibodies 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 [44]), 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 TBEV prevalence among local residents [32]. Similar
results were obtained from a survey of healthy donors in other areas (Vestfold and
Telemark counties) in Norway. Only 0.4% of them had antibodies to TBEV [39, 37].

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

HGA must be classified as an emerging infection 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 countries,
including USA [41]. 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 [38, 40]. There is an
incongruence between human seroprevalence and observed clinical cases that might
arise from incomplete diagnosis, or a high rate of asymptomatic infections [42]. In
Russia, as well as in other European countries, HGA is rarely registered. In many
territories of Russia, where ticks infected with 4. phagocytophilum were found,
HGA is not diagnosed [8]. A similar situation is observed in NWFDRF, where 4.
phagocytophilum was also found in ticks [26], and HGA is not diagnosed in humans

either. It is possible that HGA patients are given a different diagnosis, for example,
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“Flu” or “fever of unknown etiology.” 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 probably due to the wide
spread of asymptomatic forms of this disease and the imperfection of its diagnosis
[42]. Despite the obviously ubiquitous presence of 4. 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
[42]. However, in S.P.Botkin hospital in St. Petersburg antibodies 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 4. phagocytophilum was recorded which,
along with the clinical picture and pre-existing tick bites, made it possible to
diagnose HGA [12]. In Europe rather high HGA seroprevalence rate was detected
in TBE-suspected patients: 30.96% in Belgium [20], 25% in Slovakia [35], 16.28%
in donors in Norway [32], 11.4-28% in Sweden [41, 47], and 3.5-9.4% in Poland
[19, 54]. According to our findings the average level of HGA seroprevalence in the
healthy population 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
seroprevalence, on the one hand, may stem from lower 4. phagocytophilum
prevalence in the territories under study; on the other hand, it may be due to different
methods of antibodies detection and differences in the surveyed contingents. To
detect IgG antibodies to A. phagocytophilum in Europe the IFA assay was mostly
applied to survey “occupational risk” groups, while here we used ELISA and applied
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 presence

of antibodies to A. phagocytophilum.
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HME, despite its clinical resemblance to HGA, is characterized by more severe
course and a higher mortality rate [24]. HME is widespread in the southeastern,
southern, central, and mid-Atlantic parts of the United States. In 2015, E. chaffeensis
infection was reported in 35 states, with most numerous cases in Missouri, Arkansas,
New York, and Virginia. In the European Union, E. chaffeensis is not subject to
registration [38], however, HME cases have been reported in Serbia [15], Czech
Republic, Denmark, Sweden, and other countries [29], but those findings are
fragmentary. In the Russian regions diagnosis of HME cases are rare compared to
detection of E. chaffeensis/E. muris in ticks [28]. However, our earlier serological
studies revealed the HME occurrence in the North-West of Russia: e.g., in the
healthy population of St. Petersburgs outskirts the seroprevalence of IgG antibodies
to E. chaffeensis/ E. muris was 4.4% [52].

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 detection of IgG antibodies to E. chaffeensis / E. muris in the sera
of 23.3% of febrile patients hospitalized in Arkhangelsk city after tick bites [52].

Q fever is diagnosed in humans and animals, and its natural or household foci
are identified practically all over the world, with the possible exception for New
Zealand [14]. Not all countries have mandatory registration of Q fever incidence,
however, the infection is usually diagnosed where appropriate research is carried out
[34]. In Europe, Q fever is regularly notified in many countries, e.g., in Bulgaria,
France and Germany [27]. The largest known Q fever outbreak reported to date
involved approximately 4,000 human cases (25 fatal) and occurred during 2007—
2010 in the Netherlands [25, 22, 45]. In the NWFDREF, a large outbreak of Q fever
was recorded at the end of 20" century [1].
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In our study, IgG antibodies to C. [7urnetiid 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 NWFDREF in recent years, and only one Q
fever case was diagnosed in LO in 2017-2019.

Among the reasons for Q fever under-diagnosis is the difficulty of its clinical
recognition due to pronounced polymorphism of the disease manifestations and the
absence of pathognomonic symptoms. Significant under-diagnosis of Q fever causes
irrational 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. I 7urnetiid [49]. Such development of the disease in humans
is often fatal [43].

Comparison of IgG antibody seroprevalence in LO (3.3%) with the same long-
term indicator in the city of St. Petersburg (0.4%) [5] lends indirect support to the
view that ixodid ticks play a relatively small role in C. I7urnetiid infection in
humans. The overwhelming majority of St. Petersburg residents annually spend their
recreation time in LO and tick-bitten by ixodid ticks [11]. 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 detected in humans of various ages,
from children (<18 years) to the elderly (> 60 years). Similar findings are available
for Russia as a whole [6]. The age dependence of seroprevalence was insignificant.

The most significant gender differences in seroprevalence rates were related to

TBE.
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In men, the seroprevalence of IgG antibodies to TBEV exceeded that in women,
probably to a certain extent due to their exposure to ticks during traditional out-of-
doors occupations (fishing, hunting, hiking, etc.).

Analysis of modern literature on infections transmitted by ixodid ticks suggests
that any disease 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 [3]. It was found that in northwestern
Russia, mixed infection without pronounced clinical manifestations occurs 7.6 times
more often than with the development of the clinical picture of diseases [13, 10]. 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 different 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 parallel was required to conclude that a sample was positive.

However, for our purpose, the absolute figures are less important than the
variation in seroprevalence of those indicators in different territories, and in persons

of different ages and gender.

5. Conclusions

A sizable portion (on average 21.7%) of NWFDRF population is infected with
TBD pathogens. The percent of infected population varies significantly depending
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
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TBDs. The discrepancy between our findings on seroprevalence and the reported
TBDs prevalence is largely due to the absence of pathognomonic symptoms in these
diseases, its mild, asymptomatic clinical course in some cases, and insufficient
laboratory diagnostics. Significant underdiagnosis of TBDs as a consequence 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 pathogens in the northern territories,
where TBDs never had been diagnosed, confirms indirectly the northward expansion
of tick habitats [9, 53, 47]. Similar expansion of ixodid tick habitats has also been
observed in other countries of the Northern Europe [48, 33, 46]. Of particular
concern is the health of the indigenous population of the North, who historically had

never been exposed to ticks and more vulnerable to tick-borne infections [30].
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FIGURES

Fig.1. Administrative divisions of the Northwestern Federal District: 1- Arkhangelsk Oblast,
2- Vologda Oblast, 3- Kaliningrad Oblast, 4 — Republic of Karelia, S — Komi Republic, 6 —
Leningrad Oblast, 7- Murmansk Oblast, 8 — Nenets Autonomous District, 9- Novgorod
Oblast, 10- Pskov Oblast, 11 — St. Petersburg city. The surveyed divisions (1, 4, 5, 6, 10) are
highlighted in red. Foreign territories are highlighted in grey.

Pucynok 1. AZMHHHCTPATHBHO-TEPPUTOpPHAJIbHBIC o0pasoBanus Cesepo-3anaaHoro
(enepanbHoro oxpyra: 1- ApxaHreiabckas o0Jgactb, 2- Boaoroackas o0maactb, 3-
Kanuaunrpaackasa oo0maactb, 4- PecnyOonmka Kapenusi, 5- PecnyOimkxa Kommu, 6-
Jlenunrpaackas odaactb, 7- Mypmanckas o0aactb, 8- HeHenkuii aBTOHOMHBIN OKpYyT, 9-
HoBropoackas o6aactb, 10- IlckoBckas obGaactb, 11- ropoax Canxr-IlerepOypr.
Oo0caenyemble oOpazoBanuss (1, 4, 5, 6, 10) ormedyeHbl KpPACHBIM LBETOM, IpoYHe
TePPUTOPHH BblJeIeHbI CEPbIM I[BETOM.

Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)
ISSN 2313-7398 (Online)



CEPOIIPEBAJIEHTHOCTbDH KH B C30 P® 10.15789/2220-7619-SOT-1953
SEROPREVALENCE OF TBD IN NFD RF

Russian Journal of Infection and Immunity ISSN 2220-7619 (Print)
ISSN 2313-7398 (Online)



CEPOIIPEBAJIEHTHOCTSB KH B C30 P® 10.15789/2220-7619-SOT-1953
SEROPREVALENCE OF TBD IN NFD RF

TABLES

Table 1. Distribution of donors by gender, by age, and by territory of residence

Tadauna 1. Pacnpenesienne J0OHOPOB MO MOJIy, BO3PacTy W TeppUTOPUHU

NMPOKUBAHMS.
Gende Age (ye

Territory of neet ge (years)

Number of
residence ITon Bo3spacr (71eT)

donors
Teppuropus MaleFemale

Huciio n1oHopoB <18 18-29 30-39 40-49 50-59 > 60
IPOKUBAHUS

M X

Komi

659 246 413 3 62 108 126 150 210
Komu
Karelia

292 148 144 0 35 109 95 45 8
Kapemns
AO 103 24 79 5 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
Bcero
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Table 2. IgG antibodies to TBD pathogens in sera of NWFDREF residents.

Ta6auua 2. AaTurtena IgG k Bo30yaureasam K3 B cbIBOpOTKe KPOBH KUTeJIei

C390 PD.

IgG- antibody-positive samples (number of positive /seroprevalence, %)
IgG-nonoxurenbHbie o0pa3isl (konMuecTBO

MTOJIOKUTEHHBIX/CEPOTIPEBATIEHTHOCTH, %0)

. Numbe Anavl
Territory . Borrelia napras
r of Tick- ma
of burgdor C. E. AT TIPOTHB OBYX
' sample Antibody- borne 7
residence feri burnetiP""48%  chaffeensis/ - Gollee
S positive toencephalit . z .
o sensu. 1 cytophil & TUTLS — goxGynureneit
any TBDIS virus /
ato um K3

pathogens

Komi 659 149/22.6 83/12.6 21/3.2 23/3515/23 7/1.1*%* 15/23

Karelia 292  59/20.2 38/13.0 9/3.1 9/3.1 1/03 2/0.7 5/ 1.7
AO 103 15/14.6 7/6.8 2/19* 1/10 0 5/ 4.9%%* 1/1.0
PO 98 19/194 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* 3/33 4/43 2/2.2 3/3.3

Total 1244 270/21.7 152/12.2 43/3.5 36/2920/1.6 19/1.5 26/2.1

When comparing the seroprevalence rates of IgG antibodies against TBD pathogens
significant differences were found:

*1n 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),.
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**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 = 0.01 is 1.450).

Mpu cpaBHEHMM NOKa3aTesel ceponpeBaseHTHOCTN aHTUTeN IgG K Bo3byauTenam K3 BbiaBaeHbI
[OCTOBEPHbIE PA3/IMYMA:

* B oTHowweHuK Borrelia burgdorferi sensu lato 8 AO 1 J1O: cooTBeTCTBYlOLLLEE 3HAYEHME KpUTEPUA
duwepa pasHo 1,651 (npu p = 0,01 KpuTMyeckoe 3HadYeHMe paBHo 1,450).

** B oTHoweHuu E. chaffeensis/E. muris 8 Komu 1 AO: cooTBeTCTBYOWMNIA KpuTepuii duwepa paseH
2,244 (npu 3TOM KpuUTUYecKoe 3HavyeHue ans p = 0,01 pasHo 1,450).
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Table 3. Age distribution of donors with IgG antibodies to TBD pathogens.

Ta6auua 3. Bo3pacTHoe pacnpeneseHue 10HOPOB ¢ aHTuTenamu IgG k

Bo30yaureasam K3.

Age distribution of IgG antibody-positive donors (years).
Bo3spactHoe pacnpenenenue IgG-nonoxKUTENbHBIX TOHOPOB (JIET).

IgG antibody-positive/ all donors; percent of antibody-positive (%)

TBD pathogen
IgG-monoxkuTepHbIC/BCE JOHOPHI; MTPOIICHT MOJI0KUTEIBHBIX aHTUTEN (%)
<18 18-29 30-39 40-49  50-59 Total
> 60n- 248
n=58 n=148  n=280 ;279 n=231 n=1244
39/ 39/
TBEV 6/10.3% 1/912.8% 24/10.4%25/10.1% 152/ 12.2%
13.9% 14.0%
B. burgdorferi 11/
4/6.9%  3/2.0% 8/2.9% 8/3.5% 9/3.6% 43/3.5%
sensu lato 3.9%
A.phagocytophilu
3/52% 2/14% 1/0.4% 4/1.4% 4/1.7% 6/2.4% 20/ 1.6%
m

E. chaffeensis/ E.
2/34% 5/34% 1/04% 4/1.4% 3/1.3% 4/1.6% 19/1.5%

muris

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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