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LUTOKUHOBAYA ANATHOCTUKA B NMPOrHO3E
KPUTUYECKUX COCTOAHUIN Y HOBOPOXXAEHHbIX,
POOMBLLNXCS OT MATEPEU, UHOULIMPOBAHHbBIX
COVID-19

Hagpyszoga IILI., Baparos C.C., Haouesa 3.T.

byxapckuii eocyoapcmeentbiii meduyuHckuii uncmumym, e. byxapa, Pecnybauka Y36exucman

Pe3iome. CraThst mocBsilieHa pa3paboTKe Crocoda IMMTOKUHOBOW TUArHOCTUKU JIJIs TIPOTHO3UPOBAHUS
Pa3BUTUSI KPUTUYECKUX COCTOSIHUI Y HOBOPOXKIASHHBIX, poauBIIMXCs OT matepeii ¢ COVID-19, uto umeer
OoJTBbIITOe 3HAYEHUE [IJIsI OPTaHOB 3/IPABOOXPAHEHUS TIPU OPTaHU3AIINH CTITeIINATU3UPOBAHHO HEOHATOIOTH -
YeCKOI U TeAUaTpUIECKOM CIyKOBbI.

Llens — pazpaboTaTh MeTOJL HEMHBA3MBHOW ITUTOKMHOAMATHOCTUKU JUISI TIPOTHO3UPOBAHUST PAa3BUTHUS
KPUTUYECKUX COCTOSIHUIM Y HOBOPOXKIIEHHBIX, pOxkKAeHHbIX OT Matepu ¢ COVID-19. ITpeanoxkeHHbIi criocod
MO3BOJISIET paHHEUW MTMAarHOCTUKU U TIPOGWIAKTUKY PAa3BUTHSI KPUTUIECKUX COCTOSIHUM Y HOBOPOXKICHHBIX,
YTO UMEET BaXKHOE MpaKTUiecKoe 3HaueHue. KoHTposIb HIMTOKMHOB MOYM B TMHAMUKE OTIPEAEsIsieT MPOTHO3
Pa3BUTUS KPUTUIECKUX COCTOSIHUI, KaK B paHHUI, TaK ¥ B TTO3MHUI MEPUO/ afanTallii HOBOPOXIEHHBIX.
SBNsASICH MapKepoM BOCIIAJIUTEILHOIO TIPOoLiecCa U KIIOYEBbIM LIMTOKMHOM KOCTHOM pe3opouuu, IL-17A
UTPAET CIIOXHYIO POJIb B poLIecCe afanTalliid HOBOPOXIAEHHBIX, poauBiLuxcs ot matepu ¢ COVID-19. Ho-
BOPOXJIEHHBIE, poxaeHHbIe oT Mmatepu ¢ COVID-19, umeror nossiienue IFNy u IFNo B KpoBuU B nepBblii
JIeHb kn3HU Ha poHe nosbimieHus [L-17A B 1,48 pa3a, 4To CBUAETEILCTBYET O PUCKE PAa3BUTHS KaK MH(bEK-
LIMU, TAK U HAPYLIEHUI OCTeoreHes3a. YCTaHOBJIEHA aKTUBALIMS UHTEPMEPOHOBOTO cTaryca K 7-My JTHIO XK13-
HU Y HOBOPOXIIEHHbBIX Ha (POHE MOBBIIIEHUS KJIIOUEBOT0 LIUTOKMHA KOCTHOU pe3opouuu (IL-17A). ¥V HoBO-
POXIEHHBIX AETei, pOXKIEHHBIX OT MaTepu, MHpuLmpoBaHHOU COVID-19, o6HapykeHO CHUXKEHUE B MOYe
MOJIEKYJISIPHBIX MapKepOoB MOBPEXXIeHUS IHI0TeMsI cocynoB — MSR-1 B 4,25 paza. beuio ooHapyXeHO CHU-
xkeHue VEGF B Moue HOBopoXIeHHBIX Kak npu 3apaxkeHuu COVID-19 y matepu, Tak U IIpu €ro OTCYyTCTBUM.
HewnBa3uBHas ypOIIMTOKWMHOIUATHOCTUKA TTO3BOJISIET TOCTUYb SKOHOMUYECKON 2((DEKTUBHOCTU 3a CUET
COKpallleH!sT O0JIbHUYHBIX KOEK, a TakKe 3((HEKTUBHOCTH JIeUEHUs 32 CUET MUHUMAIbHOW TpaBMaTU3aLuu
HOBOPOXKIEHHBIX.
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CYTOKINE DIAGNOSTICS IN THE PROGNOSIS OF CRITICAL
CONDITIONS IN NEWBORNS BORN TO MOTHERS INFECTED
WITH COVID-19

Navruzova Sh.l, Baratov S.S., Nabieva Z.T.

Bukhara State Medical Institute, Bukhara, Republic of Uzbekistan

Abstract. The article is devoted to the development of a cytokine diagnostic method for predicting the
development of critical conditions in newborns born to mothers with COVID-19, which is of great importance
for health authorities when organizing specialized neonatology and pediatric services.

Objective: to develop a method of noninvasive cytokine diagnostics for predicting the development of critical
conditions in newborns born from a mother with COVID-19.

The proposed method allows early diagnosis and prevention of the development of critical conditions in
newborns, which is of great practical importance. The control of urine cytokines in dynamics determines the
prognosis of the development of critical conditions, both in the early and late period of adaptation of newborns.
As a marker of the inflammatory process and a key cytokine of bone resorption, IL-17A plays a complex role in
the adaptation process of newborns born from a mother with COVID-19. Newborns born from a mother with
COVID-19 have an increase in IFNy and IFNa in the blood on the first day of life against the background of an
increase in IL-17A by 1.48 times, which shows the risk of developing both infection and osteogenesis disorders.
Activation of interferon status by the 7" day of life in newborns was established against the background of
an increase in the key cytokine of bone resorption (IL-17A). A decrease in the urine of molecular markers
of vascular endothelial damage — MSR-1 by 4.25 times was found in newborn children born from a mother
infected with COVID-19. A decrease in VEGF in the urine of newborns was found, both with COVID-19
infection in the mother and in its absence. Non-invasive urine cytokine diagnostics allows achieving economic
efficiency by reducing hospital beds, as well as medical efficiency due to minimal traumatization of newborns.

Keywords: newborns, cytokines, COVID- 19, critical conditions, prognosis, children

Introduction

In modern perinatology, extensive data have been
accumulated explaining the processes occurring in the
mother — placenta — intrauterine child system both
during the physiological course of pregnancy and
childbirth, and in the case of pathological changes
in the gestational period [1]. Rendering assistance
to newborn children in critical condition at the stage
of inter-hospital transportation is one of the most
acute problems of modern neonatology and neonatal
resuscitation.

Newborns in critical condition, delivered to the
ICU of a level III hospital three days after birth, had
a more severe course of the pathological process with
a high probability of developing multiple organ failure
syndrome [1]. Proinflammatory cytokines (TNFa,
IFNy and IL-6) differentially increase in newborns
with sepsis depending on gestational age. As expected,
these cytokine values were high for newborns > 32
weeks during sepsis; however, they were insignificant
for newborns born < 32 weeks [2].

Limited data are available on COVID-19 during
pregnancy, but studies published to date do not show
an increased risk of developing severe diseases in
late pregnancy or a significant risk for the newborn.

Neither a congenital infection nor a virus was detected
in the materials of the afterbirth, which confirms the
relevance of this area of scientific research [4].

Objective: to develop a method of noninvasive
cytokine diagnostics for predicting the development
of critical conditions in newborns born from a mother
with COVID-19.

Materials and methods

The medical histories of 37 full-term and
22 premature newborns born to a mother with
COVID-19 and hospitalized in inpatient treatment
at the Department of Neonatology of the Bukhara
Children’s Multidisciplinary Medical Center in the
periods from 2020 to May 2022 were retrospectively
studied. During their stay in the hospital, all patients
were subjected to general clinical, laboratory,
functional, biochemical, radiographic studies.

Among all (59) newborns born to a mother with
COVID-19 and who died in the first months of life,
there were 22 premature newborns (37.3%), 37 full-
term (62.7%). For the convenience of comparing
the main indicators of the severity of newborns, they
were divided into 2 groups depending on the gestation
period:

768



2023, T. 25, Ne 4
2023, Vol. 25, No 4

Llumokunoeas duaeHocmuka Kpumu4eckux cOCmosHULl
Cytokine diagnostics of critical conditions

Group 1: premature newborns — 22;

Group 2: full-term newborns — 37.

The minimum gestation period of group 1
newborns was 26 weeks; the maximum period was
37 weeks, which averaged 33.55%+0.66 weeks. At the
same time, the minimum weight of newborns in this
group was 1090 g, and the maximum weight was 2880
g, which averaged 2023.23+114.64 g.

The analysis of the days of life lived by newborns
showed that the minimum day of life was 1.0 days, the
maximum lived up to 93 days, that on average the days
of life of premature newborns born from a mother
with COVID-19 is 23.09+5.37 days.

The maximum gestation period of full-term
infants was 42 weeks. The average gestation period
was 38.61%£0.57 weeks. At the same time, the weight
of full-term children was a maximum of 4,400
grams. On average, newborns were born weighing
2819.12+151.55 grams.

Results and discussion

The structure of the morbidity of premature
newborns showed a predominance of congenital
malformations-13 (59.1%), in particular, patients with
congenital heart defects-5 (22.7%), with anomalies
of the kidneys and urinary tract-3 (13.6%), with
malformations of the gastrointestinal tract-5 (22.7%).
The second place in the structure of morbidity
is occupied by intrauterine infections (TORCH
infection) with the development of neonatal sepsis-8
(36.4%). The third place is occupied by perinatal
lesions of the central nervous system of hypoxic
genesis-1 (4.5%) (Figure 1).

To determine the indications for antibacterial
therapy and evaluate its effectiveness in systemic

Perinatal damage
to the central
nervous system
4%

inflammatory reaction syndrome in newborns, a study
was conducted to determine the level of PCTs in the
blood. A fluctuation in the concentration of MPC was
detected in the range from 0.1 to 11.8 pg/mL, which
on average is 2.49 = 0.5 pg/mL. Consequently, the
results of general laboratory and biochemical blood
parameters in newborns with critical conditions
indicate the beginning of the development of a
systemic inflammatory reaction syndrome.

For a comparative assessment of the significance
of cytokine status indicators in the prognosis of the
development of critical conditions of newborns, a
clinical and laboratory examination of 94 newborns
was carried out: 33 newborns born from a mother with
COVID-19 (group 1), 30 newborns with perinatal
central nervous system lesion (PPCNS), born from a
mother with somatic diseases (group 2) and 31 healthy
newborns born from a healthy mother.

As a result of the analysis of the cytokine content
in the blood of newborns on the 2" day of life, it was
found that the concentrations of IL-17A in group 1
exceed the upper limit of the concentration range
of these indicators in the group of healthy newborns
(Table 1).

The interferon status of newborns of Group 1
and 2 is characterized by a significant increase
in IFNy to 23.64+0.81 and 29.20%+1.28 pg/mL,
respectively, against the indicators of the control
group-20.96+0.66 pg/mL (p < 0.05).

Atthesametime, IFNo hasastatistically significant
tendency to increase in newborns of the 1% group —
33.71£1.22 pg/mL (p < 0.05), in relation to the
indicators of the control group — 26.49+1.20 pg/mL.

And in newborns of the 2" group, its value was at
the level of the control indicators.

Congenital
heart
defects
23%

Urinary tract
malformations
14%

Gastrointestinal
malformations
23%

Figure 1. Nosological structure of newborns with critical conditions born from a mother with COVID-19
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TABLE 1. CONTENT OF CYTOKINES IN THE BLOOD OF NEWBORNS

Cytokines Healthy newborns 1st group 2" group
in pg/mL - - -
min-max average min-max average min-max average
IFNy 14.48-27.35 20.96+0.66 15.27-32.25 23.64+0.81* 17.05-39.63 29.20+1.28*
IFNa 15.83-38.21 26.49+1.20 21.79-47.37 33.71+1.22* 15.83-38.21 24.43+1.36
IL-17A 29.93-64.97 46.9911.70 55.34-92.06 69.68+1.70* 24.22-56.17 38.74+2.07*
MCP-1 98.29-305.71 196.69+£9.92 [ 422.15-1058.15 | 765.66+33.07** | 98.29-305.71 | 116.47+7.86*
VEGF 19.21-59.93 38.47+2.23 25.17-54.67 40.05+1.49 19.21-59.93 42.15+1.82
Note.*, significantly relative to the healthy group (*, p < 0.05; * p < 0.01).
TABLE 2. CONTENT OF CYTOKINES IN THE URINE OF NEWBORNS
Cytokines Healthy newborns 1st group 2" group
in pg/mL - - -
min-max average min-max average min-max average
IFNy 4.25-8.75 5.94+0.23 10.08-24.11 16.84+0.66*** 6.94-15.42 10.21£0.41*
IFNo 3.68-8.06 5.78+0.23 4.33-11.87 7.60+0.39* 5.48-14.33 9.49+0.43*
IL-17A 20.05-38.48 30.754£0.93 41.15-92.50 65.48+2.30** 23.55-54.67 37.07+1.43*
MCP-1 74.51-130.20 99.25+2.63 16.72-33.10 23.3610.75*** | 39.45-71.27 54.75+1.80**
VEGF 18.36-34.97 26.99+0.87 10.26-30.15 19.79+1.02* 14.48-33.05 22.72+0.96*

Note.*, significantly relative to the healthy group (*, p < 0.05; * p < 0.01).

In our studies, IL-17A in group 1 newborns was
increased to 69.68+£1.70 pg/mL, compared to the
control group — 46.99+1.70 pg/mL (p < 0.05), and
in group 2 it has a significant tendency to decrease
to 38.74+2.07 pg/mL (p < 0.05), against the control
values of -46.99+1.70 pg/mL.

MCP-1 is produced by many types of cells,
including mononuclear cells, mast cells, T cells,
osteoblasts, fibroblasts, endothelial cells, bone
marrow cells, epithelial cells, astrocytes. The synthesis
of MSR-1 is induced by IL-1B, TNFa, IFNy, IL-6,
IL-4. Under the influence of MCP-1, proliferation
of vascular smooth muscle cells also occurs with
their secretion of proinflammatory cytokines that
contribute to the progression of the disease due to
vascular damage [1].

As a result, a 3.89-fold increase in MSR-1 was
found in group 1 newborns — 765.66+£33.07 pg/mL,
against the control — 196.69+9.92 pg/mL. In group
2 newborns, a statistically significant decrease in
MSR-1 was found to 116.47+7.86 pg/mL, against the
control — 196.69+9.92 pg/mL.

The study of another vascular endothelial growth
factor, VEGE, showed that there was no connection
between its synthesis and the development of critical
conditions in newborns on the first day of life.

The results of the studies showed a significant
increase in the synthesis of IFNy in the first day of life
in newborns, regardless of the presence of somatic and
infectious diseases of the mother. At the same time,
IL-17A protects the mother’s body from extracellular
bacterial and fungal infections, thereby resorption of
bone. On the other hand, osteoporosis is promoted by
the use and use of anticoagulant drugs in the treatment
of COVID-19.

Consequently, an increase in the concentration of
IL-17A by 1.48 times in the blood of newborns born
from a mother with COVID-19 shows the risk of
developing both infection and osteogenesis disorders.

In order to assess the dynamics of cytokine
synthesis, the above cytokines were studied in the
urine of newborns of the examined groups on the 7%
day of life.

As a result, an increase in IFNy was found to
be 2.84 times in group 1 newborns, 1.72 times in
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group 2 newborns (p < 0.001), against the control —
5.94+0.23 pg/mL (p < 0.05). With respect to IFNa, an
increase to 7.60£0.39 pg/mL was also detected in urine.
in newborns of the 1% group, up to 9.49+0.43 pg/mL
in newborns of the 2™ group, the indicators of the
control group were 5.78+0.23 pg/mL, the results
obtained were reliable in the range of p < 0.05.

At the same time, there is an increase in the level
of IL-17A in the urine of group 1 newborns by 2.2
times (65.48%+2.3 pg/mL), up to 37.07+1.43 pg/mL
in group 2 newborns against the control values of
-30.75£0.93 pg/mL (p < 0.05).

In contrast to the indicators VEGF in blood,
in urine studies VEGF compared to control
-26.99+0.87 pg/mL, was reduced to 19.79+1.02
pg/mL and 22.72+0.96 pg/mL in newborns of the
It and 2" groups, respectively (p < 0.05). All the
obtained results of the study of cytokines in the urine
of newborns had statistical significance in the ranges
from p < 0.05 to p < 0.0001.

Thus, the obtained results of the study of cytokines
in urine show activation of interferon status by the 7"
day of life against the background of an increase in the
key cytokine of bone resorption (IL-17A).

At the same time, there is a decrease in urine of
the leading molecular markers of vascular endothelial
damage — MSR-1 by 4.25 times and by 1.82 times
at the birth of children from mothers infected with
COVID-19 (group 1) and with other somatic diseases
(group 2), respectively. And VEGF also decreases
significantly in newborns, both with COVID-19
infection in the mother and in her absence.

When comparing the results of the cytokine status
with clinical and biochemical data, symptoms of
systemic inflammation are noted in parallel on day 7
in patients with group 1 newborns: an increase in body
temperature, leukocytosis, tachycardia, an increase
in reactive protein and a change in the prothrombin
index.

Some differences in the values of this indicator in
the blood and urine of group 2 newborns have been
established. Thus, with an increase in IL-17A and
MCP-1intheblood onthe first day of life, VEGF tends
to increase to 42.15+1.82 pg/mL, which shows the
risk of developing a systemic inflammatory response
syndrome at the level of blood vessels with endothelial
damage. On the 7™ day of life, there was a tendency to
increase IL-17A in urine to 37.07+1.43 pg/mL, than
in the healthy group — 30.75+0.93 pg/mL p < 0.05.

The obtained results of the study show the
accumulation of cytokinesin the focus ofinflammation
and indicate the activity of the inflammatory process,
requiring correct anti-inflammatory therapy. Thus,
the advantages of noninvasive immunodiagnostics
in neonatology have been established by the deter-
mination of cytokines in the urine of newborns. The
control of urine cytokines in dynamics determines the

prognosis of the development of critical conditions
in newborns both early and in the late period of
adaptation.

Consequently, IFNy in urine acts as an indicator
of the severity of the condition and the development
of critical conditions in premature newborns at birth
prematurely from a mother with COVID-19.

Thus, the clinical and laboratory assessment of
the condition of newborns shows the importance of
taking into account the state of cytokine synthesis.
To reduce invasive procedures and preserve the blood
volume of premature newborns, it is recommended to
study cytokines, in particular IFNy in urine, which
allows early prediction of the development of critical
conditions in newborns.

Based on the conducted scientific studies, it
was found that newborns born from a mother with
COVID-19 in the first day of life have an increase in
IFNy and IFNa in the blood against the background
of an increase in IL-17A by 1.48 times, which shows
the risk of developing both infection and osteogenesis
disorders. At the same time, in response to the
synthesis of IL-17A, activation of interferon status is
noted by the 7" day of life in premature newborns.

Consequently, the study of interferons in urine
reduces the risk of sepsis from invasive procedures and
predicts the development of critical conditions. In
this case, the threshold concentration is IFNy in urine
< 10.1 pg/mL and IFNy in blood < 15.3 pg/mL. A
decrease in [FNy below the indicated concentrations
in blood and urine shows the risk of developing
severe critical conditions with the development of
coagulopathy, hemorrhagic syndrome.

Conclusions

1. Newborns born from a mother with
COVID-19 have an increase in [IFNy and IFNa in the
blood on the first day of life against the background
of an increase in IL-17A by 1.48 times, which shows
the risk of developing both infection and osteogenesis
disorders.

2.  Activation of interferon status by the 7%
day of life in newborns was established against the
background of an increase in the key cytokine of bone
resorption (IL-17A).

3. A decrease in the urine of molecular markers
of vascular endothelial damage — MSR-1 by 4.25
times was found in newborn children born from a
mother infected with COVID-19.

4. A decrease in VEGF in the urine of newborns
was found, both with COVID-19 infection in the
mother and in its absence.

5. Non-invasive urine cytokine diagnostics
allows achieving economic efficiency by reducing
hospital beds, as well as medical efficiency due to
minimal traumatization of newborns.
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