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Pesome. Lleab: poiib (haKTOPOB BPOXKICHHOTO 1 aJalITUBHOTO NMMYHHUTETA B Pa3BUTUU BHYTPUYTPOOHOM
TeHepaIM30BaHHOU IIMTOMETaJI0BUPYCHOM MHMOEKITNH.

[Mox HaGIIOMEHEM HAXOOMIJIOCH 47 HOBOPOXKICHHBIX JIETCH C BPOXICHHOI reHepaIM30BaHHOM IIMTOME-
raJJoOBUPYCHOM MHGEKIIMelT, KOTopble cocTaBuIM | rpymnmy. Ha ocHOBaHMYM maHHBIX KIMHUKO-JTA00PaTOPHOTO
o0cenoBaHMs BCe UCCIIemyeMble HOBOPOXKICHHBIE OBIIM pa3neseHbl Ha a1Be moArpyriisl. [Toarpyrmmy 1.1 (29
YeJI0BEeK) COCTAaBIIIM HOBOPOXIEHHBIC ¢ TsoKenou popmoii LIMBUW u moarpymiry 1.2 (18 genoBek) — HOBO-
pPOXIEHHBIE cO cpenHeTsKebIM TedeHrneM LIMBH. B KOHTpOJIbHYIO IPYIIITY BOILIIJIX 26 HOBOPOXKIEHHBIX 0€3
reprnecBupycHoi nHbeknuu. OnpenaeaeHne KOJIMIecTBa MOHOIIUTOB, 3KCIIpeccupytoimux Toll-perernTopsl
(TLR), mpoBommiim MeTOIOM Jja3epHoil mpotouHoit mutomerpun (Beckman Coulter) ¢ mcronb3oBaHeM
pearentoB Beckman Coulter, HyCultBiotechnology: FITC-CD282*, CD284", CD286" u PE-CD14". Kon-
uentpauuio [IFNy, IFNa, IL-6, IL-8 B cbIBOpOTKE KPOBU HOBOPOXIEHHBIX ompeaesisuin metonoM MDA ¢
MCTOJb30BaHUEM TecT-cucteM BenderMedsistems.

BhyTpuyrpooHas reHepanu3oBanHas [LIMBU ¢ nmojHONM KIIMHUYECKOW CUMIOTOMATUKON Y HOBOPOXKIEH-
HBIX XapaKTepH30Bajlach CHIDKEHUEM KOJIMYECTBA MOHOLUTOB, sKcipeccupytomux TLR-2 u TLR-6, yto
6610 conpstkeHo co cHmkeHueM ypoBHsT IFNo, IFNy, nmoseiiennem yposHs IL-6, 1L-8 u MCP-1. Tloa-
rpyIirna ¢ HeToJIHOM KJIMHuYecKoii cumntomMaTtukoit LIMBU xapaktepusoBaachk cHxkeHueM ypoBHs IFNa,
B COYETAHUM C MOBbIIICHUEM YpoBHs 1L-6. BbisiBieHHBIE UMMYHHBIC HapyILICHUsSI IIPUBOIAT K PEAYKIINK
MPOTUBOBUPYCHOTO MMMYHHOTO OTBETa, OIPEACISIOT TSLKECTh 3a00JIeBaHUS Y TIepUHATAIbHO WHOUIIMPO-
BaHHBIX HOBOPOKICHHBIX.

Karouesvie crosa: eposcdennviii ummynumem, TLR-peyenmopbl, yumoxunsl, GHympuympoOHas UHpeKyus, yumome2aiosupyc,
HOB80pOJICOeHHble Demu
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FACTORS OF CONGENITAL AND ADAPTIVE IMMUNITY
IN THE PATHOGENESIS OF INTRAUTERINE GENERATED
CYTOMEGALOVIRUS INFECTION
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Abstract. Subject: to assess a role of factors of innate and adaptive immunity in the development of
intrauterine generalized cytomegalovirus infection.

The study included 47 newborns with congenital generalized cytomegalovirus infection comprising group 1.
Based on the data of clinical and laboratory examination, all newborns studied were divided into two subgroups.
Subgroup 1.1 (29 subjects) consisted of newborns with severe CM VI and subgroup 1.2 (18 subjects) — newborns
with moderate CMVI. The control group included 26 newborns without herpesvirus infection.

Determination of the number of monocytes expressing Toll receptors (TLR) was performed by laser flow
cytometry (Beckman Coulter) using Beckman Coulter, HyCultBiotechnology reagents: FITC-CD282*,
CD284*, CD286", and PE-CDI14*. The newborn serum concentration of IFNy, IFNa, IL-6, 1L-8 was
determined by ELISA using BenderMedsistems test systems.

Intrauterine generalized CMVI with complete clinical symptoms in newborns was characterized by a
decrease in the number of monocytes expressing TLR-2 and TLR-6, which was associated with a decrease in
the level of IFNa, IFNy, an increase in the level of I1L-6, IL-8 and MCP-1. The subgroup with incomplete
clinical symptoms CMVI was characterized by a decrease in the level of IFNa, in combination with an increase
in the level of IL-6. The identified immune disorders lead to a reduction in the antiviral immune response and

determine the severity of the disease in prenatally infected newborns.

Keywords: innate immunity, TLR receptors, cytokines, intrauterine infection, cytomegalovirus, newborn children

Introduction

Intrauterine infectious pathology in newborns is
recorded in 11 to 45% of deaths as well as in 14-18%
of stillbirths.

Herpesvirus infections hold a leading place among
the causes of premature birth, infant mortality, and
morbidity in newborns, being one of the most difficult
problems to solve in modern medicine. It was shown
that in the structure of infant mortality, 10 to 61%
cases result from intrauterine infections, among
which cytomegalovirus infection (CMVI) prevails [3].
In newborns, cytomegalovirus infection may be also
characterized by generalization of the process and
accompanied by the DIC development. Often, new-
borns recovered after CMVI have persistent neu-
rological symptoms by the end of the first year of
life, development of early disability being the most
important medical and social problem of modern
perinatology.

The development and severity of intrauterine
infection in neonates is determined by the type of
pathogen, its virulence, duration of infection, tropism
of the pathogen to the organs and tissues of the

fetus, maternal protective reserves, fetal potential to
mount immune response [6] as well as reduced T-cell
functional activity underlying the pathogenesis of
severe forms of cytomegalovirus infection [2].

Taking into account the activation and regulation
of adaptive immune response depends on the func-
tioning of the innate immune system, a large number
of studies has been recently carried out to study Toll-
like receptors (TLR), which ligation by microbial
factors leads to inflammatory response mediated by
the production of cytokines, which further determines
the nature, modality and intensity of body adaptive
immune response [7]. In the resting state, non-
activated TLRs are found monomers on the cell
membrane. After the TLR interacts with the ligand,
certain genes are activated and expressed to ensure
destruction of invading pathogens.

As a result of TLR activation, a wide range of
biological reactions occurs — from induced production
of proinflammatory cytokines and interferons ensu-
ring execution of innate immunity reactions, to
the expression of co-stimulating molecules which
promote activation of T-lymphocytes and stimu-
late development of adaptive immune response [4].
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In recent years, evidence has been accumulated that
defects in the TLR system such as decreased expres-
sion and function due to mutations or epigenetic
disorders in TLR regulation underliedevelopment of
immunodeficiency states, the implementation and
generalization of infection.

It is evident that characteristics of immunological
disorders in neonatal CMVI characterized by sup-
pressed immune response should be throughly inves-
tigated.

Objective: the role of innate and adaptive immunity
factors in the development of intrauterine generalized
cytomegalovirus infection.

Materials and methods

The study included 47 newborns with congenital
generalized cytomegalovirus infection comprising
group I. Based on the data of clinical and laboratory
examination, all newborns were divided into two
subgroups. Subgroup 1.1 (29 subjects) consisted of
newborns with a severe CMVI and subgroup 1.2
(18 subjects) — newborns with moderate CMVI.
The control group included 26 newborns without
herpesvirus infection.

Determination of the number of TLR expressing
monocytes was performed by flow cytometry (Beck-
man Coulter) by using HyCultBiotechnology reagents:
FITC-CD282", CD286" and PE-CD14". The level of
serum IFNy, IFNa, IL-6, IL-8 was determined by
ELISA (Bender MedSistems).

Quantity of CMV DNA in neonatal blood and urine
of newborns was assessed by real-time PCR (Corbet-
Researc, Australia). The determination of specific
IgG and IgM antibodies against cytomegalovirus
(CMV) in the blood serum of newborns was carried
out by enzyme immunoassay using reagents from the
“Vector-Best” company (Novosibirsk).

Analyzing statistical significance of differences
between the study groups, the Mann—Whitney and
Wilcoxon test was used. The correlation coefficient
was calculated according to Spearman test. The
statistical significance level (p) in our study was set at
0.05.

Results and discussion

The analysis of the conducted studies showed
that all children in group I were born to women with
burdened obstetric and gynecological history, from
high-risk pregnancies, so that we analyzed anamnestic
data of mothers and paired newborns in the surveyed
subgroups.

Comparative analysis of gynecological diseases re-
vealed that the history of endocervicitis in the mothers
of paired children from both subgroups of group I was
revealed at significantly higher rate than in the control
group (by 24.1 and 22.2%, respectively). Similar chan-

ges were found while studying the frequency of dete-
cted adnexitis (27.6 and 27.7%, respectively).

Mothers of the examined children from both
subgroups of group I vs. control group had significantly
higher rate of previous of the urinary system diseases
(58.6 and 55.6%, respectively), diseases of the
gastrointestinal tract (48.3 and 44.4%, respectively).
From the anamnesis of mothers of subgroup 1.1
it was found that 17.2% of the examined previous
pregnancies were completed with non-developing
pregnancies, 34.5% — spontaneous miscarriage at age
of 5-11 weeks, which was significantly higher than in
the control. A history of premature birth was noted in
31.5% of women.

Theleading place in the pathology of pregnancy and
childbirth in mothers from subgroups 1.1 and 1.2 was
held by threatened termination of pregnancy (48.3%
and 44.4%, respectively), which occurred significantly
more often than in the control, early gestosis) —
34.5 and 33.3%, respectively). Polyhydramnios was
a characteristic clinical symptom in mothers from
subgroup 1.1, which was more common than in the
control group and subgroup 1.2; similar data were also
found for the early maturation of the placenta.

When analyzing the clinical symptoms in the
examined newborns with cytomegalovirus infection,
it was revealed that in the subgroup with severe
CMVI it had significantly higher rate of hepatitis
than the subgroup with moderate disease (37.9 and
5.6%, respectively), whereas pneumonia (51.7 and
11.1%, respectively), hemorrhagic syndrome (44.8
and 11.1%, respectively); meningoencephalitis and
myocarditis were diagnosed only in newborns with
severe generalized CMVI (6.9 and 10.3%, respec-
tively). All newborns with cytomegalovirus infection
had perinatal CNS lesion.

Studying the mechanisms of innate immunity
found that only newborns with CMVI in subgroup
1.1 had decreased number of monocytes expressing
TLR-2 (CD282%), compared with subgroup 1.2
and the control group (45.4+8.9%, 65.1+6.1% and
76.2%£5.6%, respectively). Similar changes were
shown for TLR-6 (CD147CD286%) (44.6+5.9%,
57.842.2% and 61.1+1.4%, respectively). Signaling
from TLR-2 is the main factor in the activation of T-
and B-lymphocytes.

Interferon production including interferon alpha
and gamma in newborns with cytomegalovirus
infection was significantly decreased. Owing to
interferons, cells become resistant to the virus. A
decrease in the level of interferon inevitably leads
to significantly lower response against invading viral
agent. Insufficient activation of a specific antiviral
response occurs, which further may be one of the
factors in developing severe form of the disease. In this
regard, the study of the cytokine system as regulators
of inflammation processes is of great interest.
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During the study we found a direct correlation
between the number of TLR-2 expressing monocytes
and level of IFNy (r = 0.60, p < 0.05).

When conducting a study of the level of interferon
alpha, it was found that in both subgroups it was
significantly decreased compared to the control
(8.3+0.9 pg/ml and 10.7x1.1 pg/ml versus 15.9+2,
1 pg/ml, respectively), with the peak decrease in
subgroup 1.1 (8.3£0.9 pg/ml), which maybe associated
with lowered number of monocytes expressing TLR-2
in such newborns.

It should be noted that the level of IFNy in group
1.1 was significantly decreased (42.1£9.7 pg/ml)
both compared with group 1.2 and control group.
A decrease in the production of IFNa and IFNy,
which can be both a cause and a consequence of acute
and chronic viral diseases, indicates a congenital or
acquired deficiency in the interferon system and can
be considered a marker of severe generalized cyto-
megalovirus infection.

Taking into account that interleukin 6 participates
as a cofactor in the maturation and differentiation of
B-lymphocytes, we studied its level in the newborn
cohort. It was found that during severe generalized
CMVI, the amount of IL-6 was significantly higher
than the value of the control group (25.8%5.2 pg/ml
versus 9.0+1.6 pg/ml. disease, the concentration
of IL-6 was also higher than in the control group
(18.314.2 pg/ml and 9.0%1.6 pg/ml, respectively).

IL-8 is a major chemokine involved in neutro-
phil activation, apoptosis, chemotaxis, and migration
of immune cells during inflammation and antiviral
response. In the peripheral blood serum of healthy
newborns, the level of IL-8 averaged 26.3+7.7 pg/ml,
whereas in subgroup 1.1 it reached 71.3+5.8 pg/ml,
being higher by 2.7-fold than in control group.

MCP-1isapotent chemoattractant formonocytes /
macrophages and activated T-lymphocytes, produced
by many cell types. MCP-1 production is initiated
by inflammatory mediators: IL-1, TNFa, IFNy,
and lipopolysaccharides (LPS). After analyzing the
data obtained, it was revealed that in subgroup II
the content of MCP-1 was significantly higher than
the level of the control group (1083.2+258.4 pg/ml
versus 600.5+53.9 pg/ml) compated to newborns in
subgroup 1.2, where no change in the level of MCP-1
was observed compared with the control group.

Infectious diseases in newborns are the most
important medical and social problem of modern
perinatology, which is due to the severity of the course
of the disease and high frequency of complications.
An increase in the frequency of fetal and neonatal
infectionsis caused by a prominent spread of infection,
including cytomegalovirus, in the urogenital tract in
pregnant women, which in turn results in complicated
adaptation during the neonatal period.

Innate immunity plays an important role in pro-
tecting newborns from infection because in the first
month of life there is no immunological memory and
the ability to develop specific antibodies to pathogens
is significantly reduced. Therefore, protection against
infection in newborns mainly depends on innate
immunity and its humoral component.

Cytomegalovirus is able to evade immune control,
including impaired both the quantitative composition
of immune cells and their synthetic function. Our
analysis of immunological parameters showed that
the formation of cytomegalovirus infection was ac-
companied by impaired immunity in newborns. The
subgroup with severe CMVI and full clinical picture
was characterized by decreased in the number of
monocytes expressing TLR-2 and TLR-6, decreased
level of IFNa, IFNY, increased level of IL-6, IL-8, and
MCP-1. In the subgroup with moderate CMVI, there
was a decrease in the IFNa content in combination
with an increase in the I1L-6 level.

The consequence of decreased count of monocytes
expressing TLRs may result in no proper response
against invading virus, prolonged persistence and
chronicity of infection, because our data showed
that the number of monocytes expressing TLRs
correlates with the cell activity. Such monocytes are
incapable of adequate activation — sensing and signal
transmission after infection; suppressed production of
pro-inflammatory cytokines which affects the timely
activation of antigen-specific arm in the immune
system. Consequently, the observed decrease in the
level of monocytes expressing TLR-2 and TLR-6
can account for the high sensitivity to CMV and is
consistent with the data [5] on the participation of
TLR in the formation of generalized CMVI.

Cytokine production forms the basis for the im-
mune response and has a direct effect on the me-
chanisms of immunoresistance in cytomegalovirus
infection.

In our study, an increased amount of IL-6 was
found in subgroups with varying degrees of CMVI
severity. We hypothesized that these changes can lead
to a shift in the differentiation of T-helpers towards
Th2 subset and lacked effective antiviral response.

An increase in the level of IL-8 and MCP-1 in
newborns with CMVI can lead to elevated CMV
replication due to the use of chemokine receptors,
damage to the vascular endothelium, and a reduction
in the antiviral interferon activity, which is consistent
with the previous dat a [1].

Among the factors of immune defense, the
interferon system, which plays an important role
both in mounting antiviral immunity and regulation
of the immune response in viral infection, has been
currently attracting much attention. The state of
the neonatal interferon system determines host
immunological maturity. These data on decreased
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IFNa production indicate at imbalance in this
protective mechanismresultinginthe onsetandsevere
course of intrauterine cytomegalovirus infection.
A low level of IFNy demonstrates impairment in
the functional activity of CD4*-lymphocytes in
newborns, which is of decisive importance in the
formation of immune dysfunction.

Thus, the development of intrauterine cytomega-
lovirus infection in newborns is associated with im-
paired cytokine balance with a tendency to the Th2-
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