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Background. Early detection of tick-borne pathogens in blood samples of infected people prevents the disease before
clinical manifestations using antibiotic and immunoglobulin treatment. As far as tick-borne diseases are associated
with significant activation of innate immune response, the changes in the cytokine profile soon after a tick bite could
be used as an indicator of early tick-borne infection.

Aims. The goal of this study was to characterize the production of cytokines during first 2-4 days after a tick bite in
asymptomatic people infected with tick-borne pathogens.

Materials and methods. The infection of tick-borne encephalitis virus, B. burgdorferi sensu lato, A. phagocytophilum
and E. chaffeensis / E. muris was detected in blood of bitten humans using appropriate commercial real time RT-PCR
and ELISA assays. Concentration of 14 cytokines in plasma of 89 infected and 45 non-infected people was established
using quantitative ELISA kits.

Results. Between 2" and 4% days after tick bite, the prevalence and concentration of certain cytokines in blood of in-
fected people significantly differed from those of the control group. Bacterial pathogens exhibited very similar patterns
of cytokine profiles with induction of IL-1a, IL-8 u IFN-a and suppression of SOD, IL-1Ra u IL-17A. For virus infection
the increased concentrations of IL-1a, IL-8, IL-10, IL-17A4, IFN-y and SOD were detected. The only suppressed cytokine
was IL-1Ra receptor antagonist.

Conclusions. The results suggest that evaluation of innate immune response between 2" and 4" days after the tick bite
could be a useful tool for evaluation of the risk of tick-borne disease for the humans bitten by ticks.

Key words: tick-borne infections, tick-borne encephalitis, Lyme disease, human monocytic ehrlichiosis, human
granulocytic anaplasmosis, blood, cytokines
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Bsedenue. HccaedosaHue 8poricdéHHO20 UMMYHHO20 0meema 4e/108eKd K KAewe8blM UHPEKYUsIM nocae noomeepaic-
0€HHO20 hakma yKyca 3apaicéHHbIM KAeUOM HA PAHHUX, CKPbIMbIX OOKAUHUYECKUX cmadusix Moxcem nokasamso
Peakyur op2aHu3Ma 4esn08eka u 6ydem chocob6cmeosams paspabomke HO8bIX ch0co608 paHHell JuazHOCMUKU U
npoguaaKkmuKku mpaHcMUCCU8HbIX 3a601e8AHULIL

Mamepuan u memodsl. Bcezo Ha 3apaxcéHHOCMb 8UpYcoM Kaeujegoeo 3Hyegaauma, B. burgdorferi sensu lato,
A. phagocytophilum u E. chaffeensis / E. muris npoanaausuposaH 2821 o6pasey kposu om arodell, nocmpadaswiux om npu-
cacbleaHust ukcodoswix kaewjell. 1421 npoba npoaHaau3uposaHa Ha HaAUYUe aHmume K KaeujesolM uHgekyusim. B zapa-
JHCEHHBIX 06pA3YaAX KPOBU C NOMOWbI0 UMMYHOPEPMEHMHO20 AHAU3A OnpedeaeHd KOHYeHMpayusi 0CHOBHbIX YUMOKUHOB.
Pesysnbmameol u 06¢cysxicdeHue. YemaHosaeHa UHPUYUPOBAHHOCMb sit0deli noc/ie npucacvieanull kKaewel: 3,2 % - anmu-
2eH supyca kaeujesozo sHyegpaauma; 1,8 % - PHK eupyca knewegozo snyepaaruma; 4,1 % - B. burgdorferi sensu lato;
0,45 % - A. phagocytophilum; 0,15 % - E. chaffeensis / E. muris. [loka3aHo, umo 6akmepua/ibHble NamozeHul, 0C06eHHO
B. burgdorferi sensu lato u A. phagocytophilum, uHdyyupyrom oyeHb noxosxcue npoduau 8pO#IEHHO20 UMMYHHO20
omeema 4e/108eKa. /111 3Imux MUKpoop2aHuamos xapakmepHa akmusayusi IL-1a, IL-8 u IFN-a u nodasieHue cunme3sa
SOD, IL-1Ra u IL-17A. HHgekyust BK3 Ha paHHeli cmaduu uHdyyupyem c80eobpasHblii npoduab YUmoKuH08020 omeae-
may 3apadxcéHHozo ves08ekKa. []5 supycHoll uHgeKyuu XxapakmepHo so3pacmaHue koHyenmpayuu IL-1a, IL-8, IL-10,
IL-17A, unmepgepora IFN-y u, 8 omau4ue om 6akmepuaavHuix uHgexkyutl, SOD. Hekomopoe nodasieHue cuHmesa
ommeyaemcsi mo/abKo 0151 peyenmopHoz2o aHmazoHucma IL-1Ra.

3akaroueHue. [IokazaHo, 4mo UMMYHHbIU 0meem npu Kaewessblix UHPEKYUSIX 3anycKaemcsi cpasy nocae 3apaiceHust 4eao-
8eKa, uydice 8 hepsble 2—-5 OHetl MOX*CHO 0OHAPYHCUMb USMEHEHUS 8 KOHYEHMPAYUU OCHOBHbLIX YUMOKUHO8 8 NA3Me KPOBU.

KntoyeBbie cnoBa: kielleBble MHGEKUNn, KIeLeBoi aHLedannT, MKCo40BbIN KaelLleBo 6oppesnos, MoHouuTap-
HbIVi 9PJINXMO3 YesioBeKa, rpaHyaoUnTapHbIi aHaniaamos 4yesoseka, 06pasibl KPOBU, LIMTOKUHbI

Currently, viral and bacterial infections transmit-
ted to humans by ticks are a serious health problem in
many countries of Eurasia, including the Russian Fed-
eration, especially in the regions of the Siberian Federal
District. An important feature of tick-borne infections

is the polymorphism of clinical manifestations of the
infection. However, most of the current data on the
pathogenesis of tick-borne infections were obtained
basing on studies of patients with severe clinical man-
ifestations of infections.
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From the official statistical reports of the Federal Ser-
vice for Supervision of Consumer Protection and Infectious
and Parasitic Disease of the Russian Federation, itis known
that approximately 3,000 cases of tick-borne encephalitis
(TBE) and about 9,000 cases of Lyme disease (LD) are
registered annually in Russia [4]. Recently two tick-borne
infections less studied in our country - human granulocytic
anaplasmosis and human monocytic ehrlichiosis - are rec-
ognized by physicians. The significance of tick-borne diseas-
esis determined by possible fatalities, disability, transition
to chronic form, and high cost of treatment. Tick attack
rate is very high in endemic regions. Thus, in Irkutsk, the
Centre for Diagnosis and Prevention of Tick-Borne Diseases
(hereinafter, the Centre) of the Scientific Centre for Family
Health and Human Reproduction Problems (FBSC FHHRP)
reports that approximately from 6.5 to 8.0 thousands of
people bitten by ixodid ticks seek treatment annually.

There is a wide variety of clinical manifestations of
tick-borne infections. Thus, up to 80 % of cases of TBE
is followed by febrility without neurological manifesta-
tions or without any clinical symptoms at all. However, in
20-40 % a serious illness develops with the development
of meningoencephalitis, and a possible chronization of the
infection. The incubation period of TBE is 7-21 days, while
in the 2-4 days after infection the antigen of BSE and infec-
tious virus are detected in the blood of infected people [2,
3,14, 15, 16, 19, 20]. During the course of TBE in humans
and in model animals, stimulation of elements of the innate
immune response, in particular, interferons aand 8 (IFN-q,
IFN- B), interferon gamma (IFN-y), tumor necrosis factor
(TNF-B) and interleukin 6 ( IL-6) [1, 5, 23, 27].

For LD, there is also a wide variability in clinical man-
ifestations, including feverish forms, severe damage of
joints (lyme-arthritis), skin (acrodermatitis), and central
nervous system (neuroborreliosis). There is a correlation
between the species of B. burgdorferi sensu lato and the
features of the course of the disease [7, 25, 26]. In patients
with LD, the induction of cytokines IL-6, IL-8, IL-12, IL-18,
IFN-y, IFN-f3 and CXCL13 predominates [9, 17].

The causative agent of HGA - A. phagocytophilum -
was opened in 1994. The infection is distributed across
the entire territory of North America and Eurasia [10, 13,
21]. In the Russian Federation, A. phagocytophylum was
detected in I persulcatus ticks both in European [12] and
in Asian [22; 24] parts of the country. Incidence of HGA has
the highestrates in the US: up to 65 cases, with an average
of 0.3-1.5 cases per 100 thousands of population [6]. The
immune layer among the healthy population in the United
Statesis between 0.5 and 3.5 % [18], however, ranging from
9 to 36 % among the people exposed to tick bites. At the
same time, most infections are asymptomatic [6, 11]. In
the immunopathogenesis of HGA, the expression of [FNy
and IL-10 was increased, whereas the synthesis of TNF-f3,
IL-1, and IL-4 was suppressed [11]. In this case, IFN-y is
considered one of the limiting factors of the infection [8].
In Russia, the real epidemiological significance of HGA is
not completely characterized.

In the literature, we have not found any studies devoted
to the complex study of the earliest stages of tick-borne
infections in the humans. The closest studies describe the
course of infection in patients after the emergence of a full
range of clinical symptoms of the infectious process. With

another approach, applied in modern science, the course
of infection in model systems - laboratory animals and cell
cultures - has been studied. In this regard, the aim of the
study is to evaluate the course of infection and the dynamics
of the immune response at the earliest, subclinical stages in
individuals infected through the bite of ixodid ticks.

MATERIALS AND METHODS

The samples of plasma and the leukocyte fraction of
the blood of people who attended the Centre after tick bite
during 2016 were used in the work. In total, 2,281 blood
samples were tested for the infection with TBEV, B. burg-
dorferi sensu lato, A. phagocytophilum and E. chaffeensis /
E. murisand 1/421 samples were examined in ELISA for the
presence of antibodies to the abovementioned infections.
Three main factors affecting the course and outcomes of tick-
borne infections were studied: the pathogens themselves,
the innate immunity of patients and the humoral immunity
of patients after the bite of an infected tick. Each of these
elements was examined both at the time of infection and in
dynamics, which allowed to assess more fully their effect on
the development of infection in the subclinical stage.

The ELISA kit “IFA TC AG TBEV” (FGUP “NPO” Microgen”,
Russia, Moscow) was used to detect the antigen of TBEV in
blood samples. The nucleic acids of TBEV, B. burgdorferi sensu
lato, A. phagocytophilum and E. chaffeensis / E. muris were
detected using the multiplex real-time PCR kit “Multiprime”
(Amplisens, Moscow). To confirm the fact of human infection,
positive samples were verified either in analysis of ELISA
/ PCR, or in PCR with primers to specific fragments of the
genome of the corresponding pathogens (Table 1).

Detection of immunoglobulins I[gM and IgG for TBEV,
B. burgdorferi sensu lato, A. phagocytophilum and E. chaf-
feensis / E. muris were produced with the help of ELISA test
systems VektoTBEV-IgM, VektoTBEV-IgG, LymeBest-IgM
and LymeBest-IgG (Vector Best, Novosibirsk), HGA-IFA-IgM,
HGA-IFA-IgG, HME-IFA-IgM and HME-IFA-IgG (000 Omnix,
St. Petersburg) according to the manufacturers’ instructions.

The spectrum and balance of cytokines were assessed
by ELISA test systems for quantifying the concentration
of interleukins IL-1q, IL-1f, IL-4, IL-8, IL-10, IL-17A, IL-
18, granulocyte colony stimulating factor G-CSF, tumor
necrosis factor (TNF-q, interferon IFN-o and IFN-y, super-
oxide dismutase SOD, and IL-1Ra interleukin-1 receptor
antagonist. The test systems of 000 Tsitokin (St. Peters-
burg) were used, with the exception of the test system for
estimating IL-18 interleukin (Vector-Best, Novosibirsk)
according to the manufacturers’ instructions.

The results were presented as mean values; a stan-
dard deviation of the mean values was calculated to esti-
mate the variability of the results. To analyze the results
obtained, we used standard statistical methods, such as
the Shapiro - Wilk test, the Mann - Whitney U-test, the
Kruskall - Wallace criterion, the Student t-test, and others.

RESULTS AND DISCUSSION

Infection of people with pathogens
of tick-borne infections after a tick bite
Analysis of tick-borne pathogens in infected people
showed that 3.2 % of people had TBEV antigen, 1.8 %
had TBEV RNA, and 4.1 %, 0.45 % and 0.15 % had RNA/
DNA of B. burgdorferi sensu lato, A. phagocytophilum and
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Table 1
PCR primers used for amplification of genome fragments of tick-borne pathogens
ID Sequence Organism Fragment length, b.p.
TBEV 5°f AGATTTTCTTGCRCGTGCRTGCGTTTGCTTCGG
1643
BEV 1643 r GCCAGATCATTRAACCAGTC
TBEV
TBEV 1255f YTCRATGGAYGTGTGGCTTGA
388
TBEV 1643 r GCCAGATCATTRAACCAGTC
16SEhrD GGTACCYACAGAAGAAGTCC
Ehrlichia sp. 344
16SEhrR TAGCACTCATCGTTTACAGC
rrs 11f GTGCGTCTTAAGCATGCAAGTCAA
500
rrs 519r CCGAACAACGCTCGCCCCTTA
OspC Cr GTAACTGGAAAAATAAAGTCAATAT
B. burgdorferi sensu lato 800
OspC Nf CACAAATTAATGAAAAAGAATACA
RS1 CTGCGAGTTCGCGGGAGA
250
RS2 TCCTAGGCATTCACCATA
GIpQF GGTATGCTTATTGGTCTTC
B. miyamotoi [28] 340
GIpQR TTGTATCCTCTTGTAATTG
Ap-3761F CTGCTCTKGCCAARACCTC
~400
Ap-4183R CAATAGTYTTAGCTAGTAACC
A. phagocytophilum
ApF1 TCCTGGCTCAGAACGAACG
1461
ApR1 CCTACAGCTACCTTGTTACG

E. chaffeensis / E. muris, respectively. Analysis of human
blood samples for the presence of antibodies to tick-borne
pathogens revealed the presence of IgM antibodies to the
agents of the TBE, Lyme disease, HME and HGA in 16 %,
10 %, 14 % and 11 % of samples, respectively. IgG anti-
bodies to these infections were detected in 4.8 %, 30 %,
12 % and 6 % of the population. Interestingly, in 85 cases
(~ 2 % of the affected), none of the trivial causative agents
of tick-borne infections was detected, as were the antibod-
ies to them. However, these patients developed obvious
health disorders after the tick bite.

Based on the data obtained, a group of people with
positive samples (hereinafter “test group”, 89 people) and
a control group (45 people) were formed. These groups
were used for further study of tick infections at the pre-
clinical stage. In particular, the tests confirming the fact
of infection, the characteristics of the genetic diversity of
microorganisms, analyses of humoral and innate immuni-
ty were conducted. Independent confirmation of infection
was obtained for 58 samples (65 %) from the test group.
All samples from the control group had significantly
negative results on TBEV, B. burgdorferi sensu lato, B. mi-
yamotoi, A. phagocytophilum or E. chaffeensis / E. muris.

Human humoral immune response
at the preclinical stage of the infection

Analysis of the humoral immune response in the test
group showed that after the prevention of tick infections,
10 out of 58 people still produced antibodies to causative
agents of TBEV (6 cases) or Lyme disease (4 cases). The
dynamics of the humoral immune response in all cases
corresponded to the previously described data. IgM anti-
bodies were detected at 11-23 days after infection, while
the production of IgG antibodies occurred at later stages
of infection (30-51 days after the tick bite). There were no

antibodies detected to the agents of HME or HGA. No anti-
bodies were detected at the earliest stages of infection at
2-11 days after the tick bite as well. This indicates that none
ofthe people surveyed in the foreseeable past was infected
with TBEV, B. burgdorferi sensu lato, A. phagocytophilum,
or E. chaffeensis / E. muris. Thus, it can be assumed that all
observed responses of the human body are associated with
the investigated case of infection, and not with previous
contacts of the infected people with any of these pathogens.
Innate immune response in humans
at the preclinical stage of the infection

Analysis of the spectrum of cytokines present in the
blood of uninfected people showed that all the cytokines in
the control group are present. However, the occurrence of
each of them varied greatly. For example, interleukin IL-13
was found in only 3 % of persons affected by the bite of an
infected tick, IL-1R receptor antagonist IL-1R - in 17 %,
whereas such cytokines as IFN-a, IFN-y and SOD were
expressed in all the examined people from the control
group. A detailed description of the cytokine profiles of
the control and test groups is given in Table 2.

In humans infected with TBEV at an early stage of
infection, virtually all cytokines are also found, with the
exception of IL-1f3, which was not detected. However, the
occurrence of some of them is significantly different in
comparison with the control group. For example, IL-6 (in
77 % of people infected with TBEV, compared to 47 of the
control group), IL-17A, IL-18 and IL-1Ra are significantly
more often detected in blood samples from infected hu-
mans (Table 2). At the same time, IL-1a is less common in
the test group than in the control group (30 % vs. 53 %).

For B. burgdorferi sensu lato infection, the overall spec-
trum of cytokines is similar to that of a subset of people in-
fected with TBEV, but among these patients no expression of
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Table 2

Occurrence of different cytokines in people infected with TBEV, B. burgdorferi s.l., and in control group
(uninfected people)

IL- IL-

lalpha | lbeta IL-4

IL-6 IL-8 | IL-10

IFN-
alpha

IFN-
gamma

TNF-

alpha SOD

IL-17A | IL-18 | G-CSF IL-1Ra

TBEV-infected, % 30 0 48,5 77 70 76

30 54,5 82 42 100 100 100 37

B. burgdorferi s.1.-

infected, % e 0

50 100 100 75

0 50 50 25 100 100 100 0

Control group, % 53 3 53 47 80 78

55 30,5 72 42 100 100 100 17

5000

o +3

-5000 -
DOEhrlichia sp.

pg/ml

-10000 A

-15000 A

-20000 -

10000

-10000

OA. phagocytophilum

pg/mi

-20000

-30000

-40000

10000 -~

0 = T T T T r

-10000 A
0OB. burgdorferi s.I.

pg/ml

-20000 A
-30000 A

-40000 -

120000 1
100000 A

OTBEV

[

B

T
@
=

20000 A I_l
0 L
<

©
o
©
-

IL-4
IL-6
IL-10 |

IL-1beta

=

T
<
~
-
=

IL-18
G-CSF
TNF-alpha
IFN-alpha
IFN-gamma ﬂ
SOD
IL-1Ral]

Fig. 1. Changes in cytokine levels after the infection with different tick-borne pathogens at subclinical stage of infection. The
changes in comparison to control group (uninfected people) are shown.

the IL-1Ra receptor antagonist has been found. There was a
significantincrease in the proportion of people with interleu-
kins IL-1a, IL-6 and IL-18. At the same time, the proportion of
patients with G-CSF and TNF-a presentin the blood is slightly
reduced relative to the control group (Table 2).

For confirmed cases of human infection by A. phago-
cytophilum and E. chaffeensis / E. muris, the quantitative
characteristics of expression of the components of the
innate immune response is given.
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When considering the quantitative characteristics
of the innate immune response in the studied groups, it
turned out that in all cases, the data obtained within the
samples are characterized by high variability. However,
even in this case, there are significant differences in the
levels of cytokine expression in the groups of infected and
uninfected patients (Fig. 1).

Thus, in TBEV infection, an increase in the concen-
tration of IL-1a, IL-8, IL-10, IL-17A and interferon IFN-y
can be noted. Some inhibition of synthesis is noted for
the IL-1Ra receptor antagonist. The greatest changes are
observed in the level of SOD expression, the concentra-
tion of which increases almost threefold (from 61,000 to
172,000 pg/ml). The infection of B. burgdorferi sensu lato,
on the contrary, leads to inhibition of SOD synthesis as
well as IL-1Ra, while the concentration of IL-1a slightly
increases. There is also a decrease in the expression level
of IL-17A and G-CSF. The cytokine profile in infection
with A. phagocytophilum is generally similar to that of
B. burgdorferi sensu lato, except for a slight increase in the
concentration of IL-8 and interferon IFN-a. Infection with
Ehrlichia sp.is also accompanied by suppression of IL-1Ra,
but the SOD level remains unchanged. As with the other
two bacterial infections, the concentration of IL-1q, IL-8
and IFN-a increases, and the synthesis of IL-17A is sup-
pressed. However, in contrast to B. burgdorferi sensu lato
and A. phagocytophilum, a slight increase in this index is
observed instead of decreasing the concentration of G-CSF.

CONCLUSION

For the first time, a number of fundamental features of
tick-borne infections were revealed, which must be taken
into account when improving the measures of urgent di-
agnostics and prevention of tick-borne diseases. We found
that only 65 % of cases of human infection with TBEV,
B. burgdorferi sensu lato, A. phagocytophilum and E. chaf-
feensis / E. muris is confirmed by an independent method.
This may indicate the overdiagnosis of microorganisms
in the screening test, for example, due to nonspecific
reactions, especially when detecting an antigen of TBEV
in plasma and human serum. The detection of specific
antibodies to tick-borne pathogens after the prevention
procedures (within 96 hours after sucking of an infected
tick) indicates an important process of triggering an
immune response in humans in the early stages of the
preclinical stage. In our opinion, this is a sign of the active
role of elements of innate immunity which are activated
within a few hours after the infection event.

When assessing the cytokine profile of infected people
at the preclinical stage, a number of fundamental features
of the course of infection were revealed. Thus, it has been
shown that bacterial pathogens, especially B. burgdorferi
sensu lato and A. phagocytophilum induce very similar pro-
files of the innate human immune response. These micro-
organisms are characterized by activation of IL-1q, IL-8 and
IFN-a and suppression of the synthesis of SOD, IL-1Ra and
[L-17A. Infection of BSE at an early stage induces a peculiar
profile of the cytokine response in an infected person. A viral
infection is characterized by an increase in the concentration
of IL-1a, IL-8,IL-10, IL-17A, interferon IFN-y and, in contrast
to bacterial infections, SOD. Some suppression of synthesis
is noted only for the receptor antagonist IL-1Ra.

Thus, we showed that the immune response is trig-
gered immediately after human infection, and already on
the second or fifth day, changes in the expression levels
of the main cytokines can be detected. The data obtained
suggest that the evaluation of the intensity of the innate
immune response after the bite of an infected tick can
significantly increase the accuracy of the risk assessment
of human infection with tick infections.

The study was carried out using the equipment of
the Center for Collective Use “PCR-Diagnostics” of the
FBSC FHHRP.
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