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Infections caused by EBV are the most common and occupy an important place in the structure of herpes
aetiology diseases.

The purpose of this work was to study the characteristics of the cytokine status in patients with chronic
EBYV infection, depending on the level of viral replication.

We examined 78 patients with chronic EBV infection, the main clinical manifestations of which were
various immunopathological and immunodeficiency states: Group I — with low, Group II — with medium,
Group III - with a high degree of viral replication. The Tiff method was used using the Vector-Best reagent
kits (Novosibirsk, Russia) to study the cytokine profile in the serum of patients with EBV infection. The
determination of alpha and gamma fractions of serum interferon was carried out using the ELISA method by
means of the ProCon IF2 plus reagent kit manufactured by Protein Contour LLC (St. Petersburg, Russia).

As aresult of a study of the cytokine status in patients with chronic EBV infection, it was found that in all
three groups there was a significant increase in both pro-inflammatory (IL-1B, IL-6, TNF-a) and anti-
inflammatory cytokines (IL-10, IL 4, TGFpB1). However, anti-inflammatory cytokinemia was more
compensated in group I patients compared with patients in groups II and III. A decrease in IFN-a and IFN-y
was detected in all patients with chronic EBV infection while studying the interferon status. A correlation was
found between the level of viral replication and a decrease in the level of IFN-a and IFN-y.

The identified features of the cytokine status in patients with chronic EBV infection can be used to
optimize therapy and help develop a differentiated approach to the immunocorrection of these patients,
depending on the level of viral replication.
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Indexnii Buxnukani BEB € mHaiOinmem nomupeHnMH 1 3aliMaroTh BaXXJIMBE Micllé B CTPYKTYypi
3aXBOPIOBAHb IePIIECBIPYCHOM eTioMorii.

Mertoro naHoi pobotn OyJ0 BHBYHTH OCOOIMBOCTI ITUTOKIHOBOTO CTAaTyCy y XBOpHX Ha XxpoHiuHy BEB-
iH(EKIIiI0, B 3aJISKHOCTI Bi piBHA BipyCHOI pernTiKarii.

Hawmu 6yno o6crexeno 78 marieHTiB 3 XpoHiuHOI0 BEB-iH(eKI1i€r0, OCHOBHIMH KIIIHIYHUMH TPOSBaMU B
AKAX OynH pi3HI IMMyHONATONOTWYHI 1 iMyHomedinuTHI ctaHu: I Tpyma — 3 HU3BKHM CTYIEHEM BipyCHOI
pemikanii, Il rpyma — i3 cepeanim cryneHeM BipycHoi perutikanii, III rpyma — 3 BHCOKHM CTymieHeM BipyCHOT
perutikarii. JIias mOCTiDKEHHS IMTOKIHOBOTO Tpo@iaio B cHpoBarmi KpoBi xBopux Ha BEB-iHdekmiro
BUKOpHUCTOBYBaiH MeTol TIDA 3 BukopuctanusMm HabopiB peareHTiB 3AT «Bekrop-bect» (HoBocubGipchk,
Pocist). BuznaueHHs ¢pakiiiii cupoBaTKOBOTO iHTEpPEepoHy aibda Ta ramMma 3IiHCHIOBATH 3a JOMOMOTOIO
TBepAo(}a3HOro iMyHO(EPMEHTHOTO METOJy 3 BHKOpHUCTaHHSAM Habopy peareHTiB ProCon IF2 plus
BupoOHunTBa TOB «IIpoTeinoBuii koutyp» (Cankt-IlerepOypr, Pocis).
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3a pesyabpTaTaMu JOCIHIIPKEHHS LIUTOKIHOBOI'O CTaTrycy y XBopuxX Ha xpoHiuHy BEB-indexniro Oymo
BUSIBJICHO, IO B YCiX TPhOX IpyHax BiJ3HAYanocs CyTTE€BE MiABUINEHHS sK npo3ananbHux (1JI-1P8, 1J1-6,
©®HII-0), Tak i nporuzanansaux nutokiHis (1JI-10, IJI-4, TOPP1). Oxnak, npoTHsanaibHa UTOKIHEMIs Oyia
y naunieHTiB | rpynu 6inpl KoMIeHCOBaHO y nopiBHsHHI 3 mauieHtamu 11 ta III rpyn. Ilpu mocmimxeHi
inrepdeponoBoro crarycy Oyio BusiBieHo 3HWkeHHs |OH-a ta IOH-y B ycix xBopux Ha xponiuny BEB-
iH}ekuito. byno BusBIEHO KOpeALiiHMI 3B 130K MK piBHEM perutikalii Bipycy Ta 3HmxeHHsM piBHeM [DH-
o Ta IOH-y. BusiBneHi ocoOIMBOCTI LIUTOKIHOBOTO CTAaTrycy y XBOpHX XpoHiuHoio BEB-indexuiero, B
3aJIeKHOCTI BiJ PpIBHSA BIpyCHOI perntikauii, MOXyTb OyTM BHKOPHCTaHI Il ONTHMi3alil Tepamii Ta
JIOTIOMOXYTb pO3pOOHTH I epeHIiHoOBaHUH MiIXi/] 1O IMyHOKOPEKLIT TAKMX MaLi€HTIB.

K/TFIO90BI CJ/IOBA: intepdepoH, iHTepeiiKking, TNTOKiHY, XpoHiuHa BEB-iH(ekuis, piBeHb perutikanis
Bipycy

OCOBEHHOCTHU IUTOKUHOBOI'O CTATYCA VY BOJIbHBIX
XPOHUYECKOW BEB-UH®EKIIUEN
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Wndexunn, BozBanasle BOB, sBstrorcss Hanbosiee pacpoCTpaHEHHBIMH M 3aHMMAIOT Ba)KHOE MECTO B
CTPYKTYpe 3a00JIeBaHUH TePIIECBUPYCHON 3THOJIOTHH.

Lenpto nanHOI pabOTHI OBUIO M3YYNUTh OCOOCHHOCTH IUTOKHHOBOTO CTaTyca y OOJBHBIX XPOHHYECKOH
BOb-uH(peknueit, B 3aBUCIMOCTH OT YPOBHS BUPYCHOH PETLTHKAIIHH.

Hamu Obuto obcnemoBano 78 manueHTOB ¢ XpoHUYECKoW BOB-mH(ekmed, OCHOBHEIMH KIIMHUYECKUMH
NPOSIBICHUSIMA Y KOTOPBIX OBUTH Pa3Hble MMMYHOIIATOJIOTHYECKHE M MMMYHOJe(UIUTHBIE COCTOSHMSA: |
rpynna — ¢ Hu3koi, Il rpynna — co cpenneit, 111 rpynna — ¢ BEICOKOH cTeNEHbIO BUPYCHOU peruinkauuu. s
MCCIIEIOBaHNS IINTOKMHOBOTO TPO(IIIS B CEIBOPOTKE KPoBH O0sbHBIX BOB-nH}eknue ncrnoap3oBaim MeTox
Tuda ¢ ucnonp3zoBanuem HabopoB peareHTOB 3A0 «Bektop-bect» (HoBocubupck, Poccnst). Onpenenenue
¢pakuuii cIBOPOTOYHOrO HHTEpdepoHa anbha M TaMMa OCYIIECTBISUIM C IMOMOIIBIO TBEpAO(A3HOTO
UMMYHO(DEPMEHTHOTO METOAa C HMCIOJb30BaHHEM Habopa peareHToB ProCon IF2 plus mpomsoactea OO0
«[IporennoBsiit KOHTYp» (CankT-IleTepOypr, Poccus).

B pesynprate mccienoBaHUS NATOKHHOBOTO CTaTyca y OONBHBIX XpoHmdeckod BIOB-mH(peknmen Obu1o
BBISBJIEHO, YTO BO BCEX TPEX IPYIIAX OTMEYAIOCh CYIIECTBEHHOE ITOBBIIICHHE KaK IPOBOCHAIUTEIBHBIX
(AJI-1B, WJI-6, ®HO-0), Tak U MPOTUBOBOCHANUTENbHBIX mHUTOKHHOB (MUJI-10, WJI 4, TOPB1). Omnako
MPOTHUBOBOCHIAJINTENIbHAS IIMTOKWHEMHUsI ObUla y TanueHToB | rpymnmel Oojiee KOMIEHCHPOBAaHHOW 110
cpaBHeHHIO ¢ manueHTaMu 11 u III rpynm. Ilpu mccnemoBannu MHTEPPEPOHOBOTO CTaTyca OBLIO BEBISBICHO
camxkenne V®H-o m MOPH-y y Bcex OonbHbIX xponuueckoii BOB-nndexumeit. briza oOGHapyxeHa
KOpPpEIALHOHHAS CBA3b MEX/Y YPOBHEM pEIIMKALMY BUpYca U cHIbkeHreM ypoBHeM MDH-o u UOH-y.

BrisiBeHHBIE 0COOCHHOCTH IIMTOKMHOBOTO cTaryca y OOJNbHBIX XpoHnueckod BOB-undexumeii, B
3aBUCHMOCTH OT YPOBHSI BUPYCHOW PEIUIMKAIWHU, MOTYT OBITh MCIIOJIb30BAHBI JUISl ONTUMH3AIMK TEParuy U
MOMOT'YT pa3zpaboTarts 1uddepeHIMpOBaHHBIN TOIX0 K MIMMYHOKOPPEKIIMH TAKUX NallMEHTOB.

K/IIIOYEBBIE CJIOBA: wuntepdepoH, WHTEpIEHKWHBI, LUTOKHHBL, XpoHH4eckas BDOB-nudekmus,
YPOBEHb PEIlIMKaLUs BUpyca

paid to herpesvirus infections. Nowadays

INTRODUCTION there is a tendency for the diseases caused by

Every year, the impact of adverse herpesviruses to spread widely [2—3].
environmental factors increases on the body The Epstein-Barr virus (EBV) belongs to
and, particularly on the immune system. In the Herpesviridae family. Infections caused
the modern world, infectious diseases occupy by this virus are the most widespread and
a leading place in human pathology [1]. occupy an important place in the structure of
Among the numerous factors that directly herpesvirus aetiology diseases. This is due to
affect the immune system, special attention is the high degree of infection of the population
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all over the world, as specific antibodies to
this virus are found in almost 95 % of the
adult population [4-5]. Active proliferation of
the virus in all organs and systems that have
lymphoid tissue, leads to structural changes,
which has a negative impact on the whole
body [6]. EBV has multiple mechanisms of
immunosuppression and protection from the
host's immune response that can lead to the
formation of a chronic viral infection and
immunological disorders deepening [7]. It is
also established that EBV violates the
mechanisms of the immune response,
suppresses the production of interferons
(INFs), blocks the mechanisms of apoptosis.
A secondary immunodeficiency is formed on
the basis of these disorders, that promotes the
development of autoimmune and tumour
processes in  genetically  predisposed
individuals. The study of diseases caused by
EBV is relevant due to the life-span
persistence of the virus in the human body,
the potential for oncogenicity, and the ability
to reactivate autoimmune diseases, to damage
the heart, kidneys, joints, and others [2, 8-9].

Data obtained from many studies suggest
a violation of the interferon chain of
immunity while herpesvirus infections. Low
content of these cytokines does not provide
sufficient antiviral effect. In this regard, the
study of indicators of immunity provided by
interferons becomes particularly relevant in
patients with chronic EBV infection [10].

Non-specific  factors of  protection,
including interferons are the first line
response while infecting the human body and
they induce the increase of the body's
resistance. The course and effects of the
disease depend on the rate of INF system
involvement in the process of INF antiviral
protection. The wuntimely or reduced
production of its own IFN, as a rule, leads to
the chronization of the WEB infection.
Interferon-alpha (IFN-a) is the most active in
the early phase of the EBV infection, when
even the EBV antigens do not spred beyond
the cell, and products of specific antibodies
are not possible. a-IFN prevents the spread of
EBYV by providing the antiviral function from
the site of penetration into the body to distant
organs and systems.

Interferon gamma (IFN-y) is an indicator
of activity of the cellular immunity. It also
has an antiproliferative effect, which is
relevant in case of EBV infection, which is an
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antigen of many tumours and neoplasia.
However it is known that EBV is capable of
suppressing the IFN-y synthesis and thus
suppressing cellular immunity, creating
conditions for its lifelong persistence [11].

OBJECTIVE

The purpose of this work was to study the
cytokine status features in patients with
chronic EBV infection, depending on the
level of viral replication.

MATERIALS AND METHODS

We examined 78 patients with chronic
EBV infection, the main clinical
manifestations of which were various
immunopathological and immunodeficient
conditions. All patients in the main group
were divided into 3 groups according to the
level of viral replication: Group I — with low
degree of viral replication, composed of
25 people (11 men and 14 women); Group II
— with an average degree of viral replication,
included 27 patients (12 men and 15 women);
Group III — with a high degree of viral
replication, consisted of 26 patients (12 men
and 14 women). The age of patients ranged
from 19 to 57 years (mean age was 33 years +
11.7 years). The control group consisted of 20
practically healthy people aged from 20 to
35 years.

The work was performed at the
Department of General and Clinical
Immunology and Allergology of the Medical
Faculty of the V.N.Karazin Kharkov
National University and clinical bases of the
department: Regional Clinical Infectious
Hospital in Kharkiv and the Clinical Hospital
«City Polyclinic Ne 6», as well as on the basis
of the SI «. I. Mechnikov Institute of
Microbiology and Immunology of the
National Academy of Medical Sciences of
Ukraine» in the period of 2014-2018 in the
framework of the research topic: «The study
of the role of immune, autoimmune and
metabolic disorders in pathogenesis and the
consequences of the infection process caused
by herpesvirusesy», state registration number
01120005911. The analysis of samples and
their technical implementation was carried
out in the clinical diagnostic laboratory of the
Regional Clinical Infectious Hospital, part of
the analyses were carried out in the
laboratories «Virolos» and «Analitika». The
TIFA method was used by means of the
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reagent kits of CJSC  Vector-Best The statistical processing of the results of
(Novosibirsk, Russia) using the the study was conducted wusing the
manufacturer's instructions to investigate the STATISTICA 10.0 statistical software
cytokine profile in the blood serum of package.

patients with EBV infection. Determination RESULTS AND DISCUSSION

of alpha and gamma fractions of serum
interferons was performed using a solid phase
immunoassay method by means of the set of
ProCon IF2 plus reagents manufactured by
the Protein Contour LLC (St. Petersburg,

IFN-a level was reduced in patients with
chronic WEB infection with different levels
of virus replication in all studied groups
compared with the control group (tab. 1).

Russia).
Table 1
The content of IFN in serum in patients with chronic WEB infection
Indicator I group II group III group Control group p
IFN-a, pg/ml 30,3+1,7 275+1,9 25,6+ 1,8 324+23 p < 0,001
IFN-y, pg/ml 37,1+ 1,8 353+ 1,6 254+ 1,7 382+ 1,6 p < 0,001

Thus, IFN-o was 30.3+ 1.7 g/ml in I
group patients, in group II — 27.5 £ 1.9 g/ml,
in group III — 25.6 + 1.8 g/ml. Thus, there
was a correlation between the level of viral
replication and a decrease in the level of IFN-
a in chronic EBV infection. Possibly, EBV
conversion from a latent state and its
replication (reactivation of EBV infection)
occurred under favourable conditions. A
significant decrease in IFN-a and, as a
consequence, a significant inhibition of
antiviral  defence, contributed to the
accumulation of an active infectious agent
that was actively multiplying.

According to many studies, in the majority
of patients with acute EBV infection, a
significant increase in IFN-y levels is usually
observed in comparison with relatively
healthy people. This indicates cellular
immunity level and its predominance over the
humoral link. Probably, therefore, in many
cases, the acute form of the EBV infection
ends with a rapid and, as a rule, complete
recovery [12-13].

Among our patients with chronic forms of
EBV infection, IFN-y was decreased in all
studied groups compared with the control
group. Thus, IFN-y was 37.1 £ 1.8 pg/ml in
group I patients, in group II patients — 35.3 +
1.6 pg/ml, in group III patients — 25.4 + 1.7
pg/ml. So, it is probably the IFN-y deficiency
that led to protracted forms of infection with
possible latent (for several years), or recurrent
course. Probably the decrease in the content
of IFN-y may be considered as one of the
indicators of prolonged EBV infection.

It was found an increase in all indicators
in all three groups (I, I, III) compared to the
control group during the studying of the
content of cytokines in blood serum of
patients with chronic EBV infection, but
these changes, had their own characteristics
due to the level of replication of the virus
(tab.2). A higher anti-inflammatory
cytokinemia and a deeper cytokine imbalance
were recorded in patients of groups II and III
compared with patients in group L.

Table 2
The content of the main serum cytokines in patients with chronic EBV
Indicator I group IT group III group Control group p
IL-1B, pg/ml 59,1+2,1 56,4+24 56,3+23 29,5+1,9 p <0,001
IL-6, pg/ml 91,2+ 2,1 100,3 + 2,7 104,4+£3,6 392+ 1,7 p <0,001
TNF-a, pg/ml 52,8+2,4 62,4+22 65,7+2.8 32,6 +1,8 p <0,001
IL-2, pg/ml 78,1+£25 68,4+24 68,3+2,6 40,2+2,1 p <0,001
IL-10, pg/ml 91,3+1,8 88,3+2,1 88,2+1,9 19,1+1,5 p <0,001
IL-4, pg/ml 80,3+2,3 75,6 +2,6 75,5+22 212+ 1,7 p <0,001
TGFB1, pg/ml 1724+ 3,1 166,5+ 2,9 166,3 £2,2 58,3+22 p <0,001
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Thus, there was a more pronounced
increase in IL-1B (59.1 £ 2.1 pg/ml) in case of
the group I than in patients in groups II and
I (56.4 £ 2.6 pg/ml and 56.3 + 2.3 pg/ml,
respectively) in comparison with the control
group (29.5 £ 1.9 pg/ml).

It was found during the study that IL-6
increase was observed in all patients with
chronic EBV infection in comparison with
the control group, but this indicator increased
to a greater extent in patients of groups II and
III (100.3 + 2.7 pg/ml and 104.4 + 3.6 kg/ml,
respectively). IL-6 was at 91.2 + 2.1 pg/ml in
patients of group I, while in the control group
it was 39.2 = 1.7 pg/ml.

The level of TNF-a was elevated in all
patients with chronic EBV infection
compared to the control group, but it was
higher in patients of groups II and III (62.4 +
2.2 g/ml and 65.7 + 2.8 g/ml in accordance).
In patients of Group I, the FNP-a was 52.8 +
2.4 pg/ml and in the control group it was 32.6
+ 1.8 pg/ml.

It is known that IL-2 is an important factor
in the activation of immune cells and the
development of a full-fledged immune
response [14-16]. IL-2 levels were also
elevated in all patients with chronic EBV
infection, but this increase was not as
significant as an increase in IL-1, IL-6 and
FNP-a levels. Thus, IL-2 levels were higher
(78.1 £ 2.5 pg/ml) in group I patients than in
patients of groups II and III (68.4 £+ 2.4 pg/ml
and 68.3 £ 2.6 pg/ml, respectively). In the
control group, IL-2 was at 40.2 = 2.1 pg/ml.

Concentration of IL-10 in serum was
elevated in all patients with chronic EBV
infection compared to control group.
However, IL-10 levels increased to a greater
extent (91.3 = 1.8 pg/ml) in group I patients,
compared with patients in groups II and III
(88.3 £ 2.1 pg/ml and 88.2 + 1.9 pg/ml,
respectively). In the control group, this
indicator was 19.1 £ 1.5 pg/ml.

The level of IL-4 was elevated in all
patients with chronic EBV infection
compared to the control group, but it reached
much higher figures (80.3 + 2.3 g/ml) in
group | patients, compared to patients of
groups Il and III (75.6 + 2,6 pg/ml and 75.5 £
2.2 pg/ml, respectively). In the control group,
this figure was 21.2 = 1.7 pg/ml.

The concentration of TGFp1 was elevated
in all patients with chronic EBV infection
compared to the control group, but in patients
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of group I it level increased greater (172.4 +
3.1 pg/ml), compared to patients of groups II
and I ( 166.5 = 2.9 pg/ml and 166.3 + 2.2
ug/ml, respectively). This indicator was 58.3
+ 2.2 pg/ml in the control group.

Thus, anti-inflammatory cytokinemia was
more compensated in patients of group I,
compared with patients of groups II and III,
as indicated by the ratio of proinflammatory
and anti-inflammatory cytokines. It is known
that anti-inflammatory cytokines are involved
in limiting the inflammatory response, inhibit
the secretion of proinflammatory cytokines,

and reduce the damaging effect of
inflammation on tissues [17-20].
CONCLUSIONS

Thus, our study of cytokine status in
patients with chronic EBV infection showed
that a significant increase in all three groups
in both proinflammatory (IL-1B, IL-6, FNP-
o) and anti-inflammatory cytokines (IL-10,
IL-4, TFRP1). However, the following
features were revealed depending on the level
of viral replication: elevation of IL-1B, IL-10,
IL-4, TFRP1 to a greater extent was observed
in patients of group I, compared to patients in
groups II and III, in which IL-6, FNP-a
prevailed. Thus, anti-inflammatory
cytokinemia was more compensated in
patients group I compared to patients of
groups II and III, as shown by the ratio of
proinflammatory  and  anti-inflammatory
cytokines. IL-2 levels were also elevated in
all patients with chronic EBV infection, but
this increase was not as significant as the
increase in other cytokines levels, which in
turn affected the process of activation of
immune-competent cells and prevented the
formation of a complete immune response.

IFN-a and IFN-y levels were decreased in
all patients with chronic EBV infection when
interferon status was studied. A correlation
was found between the level of wviral
replication and a decrease in IFN-a and [FN-y
levels. A significant decrease in IFN-a
contributed to significant inhibition of
antiviral defence, which in turn effected the
accumulation of an active infectious agent
that was actively multiplying. The IFN-y
deficiency did not allow forming a sufficient
immune response and contributed to the
development of a chronic form of infection.
Probably the decrease in the content of IFN-y
may be considered as one of the indicators of
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the prolong course of EBV infection and the
development of chronic forms of EBV
infection.

PROSPECTS FOR FUTURE STUDIES

patients with chronic EBV infection can be
used to optimize therapy depending on the
level of viral replication and will help to
develop a differentiated approach to immune

correction of such patients.
The revealed features of cytokine status in
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