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Effect of COVID-19 infection in the third trimester of pregnancy on innate
immunity parameters, association with obstetric and perinatal outcomes
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ABSTRACT

Aim. To analyze and compare parameters of innate immunity with obstetric and perinatal outcomes in patients with
COVID-19 in the third trimester of pregnancy.

Materials and methods. The study included 2 groups: the main group encompassed patients with mild (subgroup 1,
n = 31) and moderate (subgroup 2, n = 40) COVID-19 during the third trimester of pregnancy; the control group
included women who did not have COVID-19 during pregnancy (n = 22). By the enzyme-linked immunosorbent
assay (ELISA), we determined the level of anti-SARS-CoV-2 immunoglobulin (Ig)M and IgG, tumor necrosis
factor alpha (TNFa), interleukin 6 (IL-6), and interferon gamma (IFNy) in the blood plasma. Complete blood
count was performed on the automated hematology analyzer. Expression of CD-14 and HLA-DR antigens in
monocytes was analyzed on the flow cytometer. SARS-CoV-2 RNA in placenta samples was detected by the
reverse transcription polymerase chain reaction (RT-PCR).

Results. A moderate course of COVID-19 in the third trimester of pregnancy was associated with lower levels of
anti-SARS-CoV-2 IgG and IFNy in the maternal blood and umbilical cord blood, as well as by lower expression of
CD-14 and HLA-DR by monocytes compared to mild COVID-19. A mild course of the disease was characterized
by an increase in the number of monocytes in the maternal blood. No differences in leukocyte and lymphocyte
counts were noted. There were also no differences in birth weight and one-minute Apgar score. At 5 minutes, the
Apgar scores for moderate COVID-19 were lower than those for mild infection. The moderate course of COVID-19
increased the risk of preterm birth, neonatal cerebral ischemia, intraventricular hemorrhage, and respiratory distress
syndrome. No risk of intrauterine SARS-CoV-2 infection was detected.

Conclusion. The severity of COVID-19 in the third trimester of pregnancy is associated with dysregulation of the
innate immunity, which determines the nature of obstetric and perinatal complications.
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BnusaHne nepeHeCceHHOW B TpeTbeM TpuMecTpe 6epeMeHHOCTH
nHPpekuyumn COVID-19 Ha noKasaTenv BPpOXKAEHHOro MMMYHUTETa,
CBA3b C aKyLUePCKUMUN N NepuHaTasbHbIMMN NCXoaamu

Anppuesckasa U.A.", Nasruax K.C.', XKykosey U.B.%, YctuHos E.M."
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Poccus, 675000, 2. brnazosewenck, yn. Karnununa, 22

2 Amypckas 2ocydapcemeennas meouyunckas axaoemus (AIMA)
Poccus, 675000, e. Brnazosewenck, yn. I opbkozo, 95

PE3IOME

Hesb. AHanu3 U CONOCTABICHUE JaHHBIX BPOKACHHOIO MMMYHUTETA C aKyIICPCKUMHU U IEPUHATAIbHBIMU UCXO-
JIaMU IIPU NIEPEeHECEHHON B TpeTheM TpuMecTpe oepemenHocTH nHdekmu COVID-19.

Matrepuajbl 1 MeToAbl. B HccieoBaHne BKIIOUCHBI IBE IPYIINBI: OCHOBHAs — C MIEPEHECCHHON B TPETHEM TPH-
Mmectpe 6epemenHoctr uHpekuueir COVID-19 nerkoro (moarpymma 1, n = 31) u cpeaHeTsbKENIOro TeueHus (Moa-
rpymmna 2, n = 40), KoHTposIbHas — >keHIuHbL, He OoneBmue COVID-19 B Teuenue Bceit 6epeMeHHOCTH (11 = 22).
B na3me kpoBH HMMYHO(GEPMEHTHBIM METOAOM OIpEAeIsuid ypoBeHb aHTH-SARS-CoV-2 mMMyHOTIO0yTHHOB
(Ig) xmaccoB M u G, coneprkaHre MUTOKHHOB (akTopa Hekposa omyxoin anbda (TNFa), marepneiikuna (IL) 6 1
naTepdepona ramma (IFNy). Knumandeckuit ananns KpoBH OCYIIECTBISUTN HA aBTOMAaTHYECKOM IeMaTOJIOTHIECKOM
aHanusarope, sxcrpeccuro CD14- u HLA-DR-anTurenoB B MoHOIIMTaxX — Ha mpoToyHoM ruromeTpe, PHK SARS-
CoV-2 B 00pa3nax mianeHTbl — METOA0M 00paTHOM TPaHCKPUIILIUH MTOJMMEPA3HOH [ETTHON peaKIyy.

PesyanTarbl. Cpennersoxenoe redenue COVID-19 B TpeTbeM TpuMecTpe 6EPEeMEHHOCTH aCCOIMMPOBAIOCH € 60-
Jiee HU3KUM YPOBHEM B KPOBH Y MaTepH U B KPOBHU IIyIIOBUHBI HOBOPOXKIEHHBIX aHTU-SARS-CoV-2 IgG, IFNy, a
Taroke skcnpeccun MoHormtamu CD14 u HLA-DR 1o cpaBHeHuIo ¢ serkoii popmoii 3adoneBanus. [Ipu serkoit
(opMe OTMEUYECHO MOBBIIICHHE KOJIMYECTBA MOHOLIMTOB B KPOBU MaTepu. Paznnuuii B mokasaressix JISHKOLUTOB U
TUMQOLMTOB He BbIsIBICHO. Take OTCYTCTBOBAIM Pa3JIMyKs 10 MAcce Tela HOBOPOXKACHHBIX U OLICHKE I10 IIIKaJIe
Armrap Ha 1-if muH. Ha 5-if MMH moka3aTesiu Ipu CpeJHETSDKENIOM TeueHUH 3a00J1eBaHus ObUTH HIDKE, YeM IpH
nerkoit popme nHdekuun. Cpennersokenoe TedeHne COVID-19 yBennunBano puck IpexIeBPEMEHHBIX POJIOB,
pa3BUTHS LepeOpaNbHOM HIIEMUH MO3ra HOBOPOXKICHHBIX, BHYTPHIKEIYJOUKOBBIX KPOBOM3IUSIHUN M CHHIpOMA
JIbIXaTEeNBHBIX paccTpoiicTB. Pruck BHyTpuyTpoOHOi SARS-CoV-2 nnexunu orcyTcTBOBAI.

3akaouenne. Tspkects TedeHuss COVID-19 B TperbeM TpuMecTpe OSpeMEHHOCTH CBsI3aHA C JUCPETyISIneH
BPOXKJICHHOI0 UMMYHHUTETA, YTO OIpEesIseT XapaKTep aKylepCKUX U IepUHATAIbHbBIX OCJIOKHEHUI.

Kirouessle ciioBa: COVID-19, BpokieHHbII HMMYHUTET, HUTOKUHBI, aKyILIEPCKUE U MIEPUHATATIbHbIE HCXOAbI

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOHMINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIEH CTaThH.

Hcroynuk puHancupoBaHus. VccnenoBanue BBITOIHEHO NP HUHAHCOBOM MOAACPKKE POCCHIICKOr0 HAyYHOTO
¢onna (cornamenue Ne 23-25-00049 ot 12.01.2023).

CooTBeTcTBHE MPUHIMIAM dTHKH. Bce manueHTs! moamucam HHQOPMHPOBAHHOE COTJIACHE HA YYaCTHE B HC-
cienoBannu. MccnenoBanue ogo0peHO JOKanbHBIM 3THUeckiM Komuterom JIHII ®IIJI (mpotokom Ne 144 ot
09.06.2023).

Ja nurupoBanusi: Aunpuesckas M.A., Jlssrusn K.C., XKykosen 1.B., Yerunos E.M. BiusiHue nepeneceHHON
B TpeTbeM TpuMmecTpe OepemenHocTr nHdekun COVID-19 Ha noka3areny BpOXKIEHHOTO HMMYHHUTETa, CBSI3b C
aKyIICPCKUMH U TICPUHATATIBHBIMU UCXOJaMu. brotemens cubupckoti meduyunst. 2024;23(2):5-13. https://doi.
org/10.20538/1682-0363-2024-2-5-13.
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INTRODUCTION

Since March 2019, the world has been affected
by the pandemic of novel coronavirus infection
(COVID-19), which was listed as a public health
emergency of international concern until May 2023
[1]. Viral mutations and new variants of severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) are associated with a varying clinical course
of the disease (ranging from mild to severe) linked to
immune dysregulation [2]. It is reported that pregnant
women with COVID-19, particularly those with the
Delta variant of the disease, have an increased risk
of hospitalization and developing severe disease
compared to the general population [3].

According to other studies, pregnant and non-
pregnant patients show similar risks of infection and
developing severe manifestations of COVID-19 [4].
The role of COVID-19 in the development of placental
insufficiency, preterm birth, and stillbirth has also
been determined [5]. However, definitive conclusions
can only be drawn after the end of the pandemic.

Myeloid cells (monocytes / macrophages) are
believed to be directly involved in the pathogenesis of
COVID-19. Studies have reported various responses
of monocytes to SARS-CoV-2, determining the
development of systemic inflammatory response
syndrome [6], hyperactivation or a lack of response
to type I interferons (IFN-I) in the blood and lung
tissues in severe forms of the disease [7]. Authors
noted dysregulation of innate immunity and decreased
expression of human leukocyte antigen class II (HLA-
DR) by monocytes, which is considered as a marker
of immunosuppression and severity of COVID-19 [8].

Other studies have shown the differences in
phenotypes of peripheral and lung myeloid cells with
low expression of HLA-DR, dysfunctional blood
monocytes, and hyperactive monocytes / macrophages
of the respiratory tract producing proinflammatory
cytokines in moderate and severe COVID-19 [9].
However, the effect of pregnancy on the development
of innate immunity in mothers and their newborns
following COVID-19 remains poorly studied, and
research is limited in scope [10].

The aim of this work was to analyze and compare
parameters of innate immunity with obstetric and
perinatal outcomes in mothers with COVID-19 in the
third trimester of pregnancy.

MATERIALS AND METHODS
The study was carried out in accordance with the
principles of the Declaration of Helsinki and approved

by the Bioethics Committee at the Far Eastern
Research Center for Physiology and Pathology of
Respiration (Protocol No. 144 of 09.06.2023). All
participants signed a written informed consent to
participate in the study. The clinical site for the study
was the maternity unit of the Blagoveshchensk City
Clinical Hospital. Laboratory studies were carried out
at the Far Eastern Research Center for Physiology
and Pathology of Respiration. From January 2022
to March 2023, 93 women at 35-40 weeks pregnant
were examined: 71 women with mild (subgroup 1,
n = 31) and moderate (subgroup 2, n =40) COVID-19
during the third trimester of pregnancy (main group)
and 22 women who did not have COVID-19 during
the entire pregnancy (control group). All studies were
conducted during the predominant circulation of
SARS-CoV-2 Omicron strain.

Inclusion criteria for the main group were:
singleton, spontaneous pregnancy; COVID-19 in the
third trimester of pregnancy; clinical symptoms of a
respiratory disease; CT (computed tomography) signs
of viral pneumonia with a typical clinical presentation
and relevant epidemiological history. Exclusion
criteria were multiple pregnancies; pregnancy
resulting from in vitro fertilization; exacerbation of
chronic noninfectious diseases; presence of chronic
nonspecific lung diseases; extrapulmonary foci of
infections; specific bronchopulmonary diseases;
developmental genital anomalies; detected sexually
transmitted  infections;  progestogen  support;
immunodeficient conditions; smoking. All study
participants were selected as cases and controls and
were comparable in age and body mass index (BMI).

The age in subgroup 1 was 27.0 (25.0; 30.0) years
(p = 0.441); the age in subgroup 2 was 27.0 (25.0;
30.0) years (p = 0.465), which had no significant
difference compared to the control group — 28.5 (25.7;
31.0) years. BMI values in subgroup 1 were 24.7 (23.0;
29.1) (p =0.691) and in subgroup 2 —24.8 (21.7; 29.3)
(»p = 0.669), which also did not differ significantly
from the control group —24.6 (22.1; 25.0). In the main
group, no significant differences in age (p = 0.968)
and BMI (p = 0.954) were found.

Blood samples for the studies were taken at
the time of hospitalization in the maternity unit by
venipuncture into ethylenediaminetetraacetic acid
(EDTA) vacuum tubes (China). Umbilical cord blood
was collected from the central vein into EDTA vacuum
tubes immediately after cord clamping soon after
birth. Blood plasma was obtained by centrifugation
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(15 min, 1,000 g). All plasma samples were stored
at —70 °C until the analysis was started. Placental
material was collected immediately after birth and
placed in sterile containers. Sample preparation,
extraction, and amplification of SARS-CoV-2
RNA were carried out by reverse transcription
polymerase chain reaction (RT-PCR) on the DT-96
detection amplifier (DNA-Technology, Russia) using
commercial reagent kits (DNA-Technology, Russia) in
strict accordance with the manufacturer’s instructions.
The enzyme-linked immunosorbent assay (ELISA)
was used to determine anti-SARS-CoV-2 IgM and
IgG in paired plasma samples (SARS-CoV-2-IgM
ELISA-BEST Kit, SARS-CoV-2-IgG quantitative-
ELISA-BEST Kit, Russia), levels of tumor necrosis
factor alpha (TNFa) (TNF alpha-ELISA-BEST Kit,
Russia), interleukin 6 (IL-6) (Interleukin-6-ELISA-
BEST Kit, Russia), and interferon gamma (IFNy)
(Interferon gamma-ELISA-BEST, Russia).

All studies were performed on the Multiskan FC
microplate photometer (USA) in strict accordance
with the manufacturer’s instructions for commercial
reagent kits. Clinical blood test was carried out on
the automated hematology analyzer Mindray BC-
5150 (Shenzhen Mindray Bio-Medical Electronics
Co., Ltd.,, China). Flow cytometry of peripheral
blood mononuclear cells was conducted on the
BD FacsCanto II flow cytometer (USA). We used
lysed blood (Invitrogen™ eBioscience™ 10X RBC
Lysis Buffer, USA) containing FITC-conjugated
monoclonal antibodies to surface antigens CD14
(M5SE2) (BD Biosciences, USA) and HLA-DR (L243)
(BioLegend, USA). The mononuclear cell pellet
obtained after two washes in phosphate buffered saline
(PBS) (Biolot, Russia) and centrifugation (5 min,
400 g) was resuspended and used to detect monoclonal
antibodies.

Statistical analysis and data processing were
carried out using the IBM SPSS Statistics version
23.0 software package (USA). The statistical
analysis was performed using the Mann — Whitney
test for paired comparisons. To compare three or
more groups, the Kruskal — Wallis test was used.
Quantitative variables were presented as the median
(Me) and the interquartile range (Q,; O.); categorical
data were presented as proportions, frequencies, and
percentages. The analysis of frequency differences in
two independent study groups was conducted using
the Fisher’s exact test. With absolute frequencies
in contingency tables being less than 10, the Yates’
correction was used. The correlation analysis was

conducted using the Spearman’s rank correlation
coefficient. Relative risks (RR) were analyzed using
fourfold contingency tables with 95% confidence
intervals (95% CI). Differences were considered
statistically significant at a p < 0.05.

RESULTS

All women in the main group at the time of the
study had a confirmed diagnosis of COVID-19:43.7%
were diagnosed with mild acute respiratory viral
infection (ARVI) (subgroup 1), and 56.3% — with
moderate disease with manifestations of pneumonia
(subgroup 2) (RR = 1.27; 95% CI 0.96-1.69). The
gestational age at the time of the disease in subgroup
1 was 35.0 (33.0; 37.0) weeks, and in subgroup 2 —
34.0 (32.0; 36.0) weeks (p = 0.181). The total time
from the disease onset to delivery in subgroup 1 and
subgroup 2 was 27.0 (18.0; 36.0) days and 32.0 (15.0;
48.0) days, respectively (p = 0.286).

In all women of the main group, SARS-CoV-2 IgM
antibodies were absent in both maternal blood and
umbilical cord blood (Table 1). However, the amount
of IgG antibodies in subgroup 1 was 1.53 times higher
than in subgroup 2. Intragroup paired comparisons did
not reveal significant differences between the values
of IgG antibodies in maternal blood and umbilical
cord blood in subgroup 1 (p = 0.992) and subgroup
2 (p = 0.371). Further paired correlation analysis in
the study subgroups revealed a significant association
between the levels of IgG antibodies in maternal blood
and umbilical cord blood in subgroup 2 (r = 0.61, p =
0.0001).

Blood test in women of the study groups revealed
an increase in the average monocyte count by 1.16
times in subgroup 1 compared to the control group,
while no significant differences were found compared
to subgroup 2. No differences in leukocyte and
lymphocyte counts were identified when comparing
the main group and the control group.

The study of the proinflammatory cytokine profile
in the blood of women showed that in subgroup 1, the
values of TNFa were 1.72 times and 1.22 times lower
than in the control group and subgroup 2, respectively.
The level of IL-6 in subgroup 1 was 1.55 times and
1.35 times lower than in the control group and subgroup
2, respectively. The values of [FNy in subgroup 1 were
1.9 times higher than in subgroup 2. In subgroup 2,
the level of IFNy did not change significantly
compared to the control group. Significant differences
in the levels of IL-6 and IFNy were found in umbilical
cord blood. In subgroup 1, the levels of IL-6 were
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1.45 times lower than in subgroup 2 and did not
significantly differ from those in the control group.
The levels of IFNy in subgroup 2 were reduced by
1.23 times and 1.11 times compared to subgroup 1 and
the control group, respectively. Paired comparison
of TNFa, IFNy, and IL-6 values in maternal and
umbilical cord blood revealed differences between the

studied subgroups. The levels of TNFa in maternal
blood were 2.02 times (p = 0.0001) and 1.8 times
(» = 0.0001) lower than in umbilical cord blood.
The levels of IFNy were 1.1 times (p = 0.0001) and
1.67 times (p = 0.0001) higher, and the levels of
IL-6 were 2.15 times (p = 0.0001) and 1.91 times
(»=10.0001) higher in subgroups 1 and 2, respectively.

Table 1

Parameters of innate immunity in maternal and umbilical cord blood in the study groups, Me (Q,.; O..)

Main group
P t Control
arameter Subgroup 1 | Subgroup 2 ontrol group P
Peripheral blood
Anti-SARS-CoV-2 I1gG, BAU /ml | 168.0 (104.0; 216.0) | 110.0 (56.0; 197.2) — p3=10.029

TNFaq, pg / ml 30.0 (22.0; 47.9) 423(27.1;61.8) | 51.5(36.9;58.5) | pi=0.001; p:=0.485; p: = 0.004
IL-6, pg / ml 20.9 (17.7; 29.5) 27.0(17.9;64.3) | 31.9(18.4:49.2) | pi=0.034; p»=0.900; ps = 0.042
IFNy, pg / ml 4.0 (2.8; 5.0) 2.1 (2.0; 2.6) 2.7 (2.0; 6.1) p1=0.780; p2 = 0.074; ps = 0.0001
Leukocytes, 10°/1 8.75 (7.36; 9.82) 8.1(7.0;9.3) 8.2 (7.5;9.6) p1=0.950; p = 0.498; ps = 0.582
Lymphocytes, 10°/1 21.5 (15.0; 25.2) 16.4 (3.4;21.6) 18.5 (15.9;20.5) | pi=0.279; p» = 0.260; ps = 0.164
Monocytes, 10° /1 7.34(6.1;8.7) 6.7(5.1;8.2) 6.5(4.6;7.2) p1=0.044; p> = 0.480; ps = 0.194

CD14, % 78.9 (73.5; 83.4) 55.1(49.8; 63.3) 94.5 (92.8 ;97.8) p13=0.0001

HLA-DR, % 78.3 (74.0; 83.2) 52.9 (48.5; 60.7) 95.2 (92.8; 98.4) p13=0.0001
Umbilical cord blood

Anti-SARS-CoV-2 IgG, BAU /ml | 142.0 (102.0; 240.0) | 109.0 (25.3; 194.0) — p3=0.037

TNFa, pg / ml 60.5 (58.6; 81.3) 76.0 (65.2;89.5) | 85.1(74.8;90.0) | pi=0.006;p>=0.236; ps = 0.064
IL-6, pg / ml 9.7 (7.6; 11.0) 14.1 (10.9; 23.6) 79(4.8;350) | pi=0.657; p2=0.358; ps = 0.0001
IFNy, pg / ml 43(3.3;5.7) 3.5(2.6; 4.0) 3.9(3.1;5.7) p1=0.619; p> = 0.007; ps < 0.0001
CD14, % 77.7 (74.5; 82.7) 55.6(50.7;59.7) | 96.4 (92.6;98.2) p13=0.0001
HLA-DR, % 78.6 (73.2; 83.1) 58.6(50.9;66.1) | 95.4(93.8;96.7) p13=0.0001

Note. Here and in Table 2—4: p: — statistical significance of differences between subgroup 1 and the control group; p- — statistical significance of
differences between subgroup 2 and the control group; ps — statistical significance of differences between subgroup 1 and subgroup 2.

Significant paired correlations in subgroup 1
were found between the levels of TNFa (» = 0.78,
p = 0.0001), IL-6 (» = 0.72, p = 0.0001), and IFNy
(r=0.84, p=0.0001) in maternal blood and umbilical
cord blood. In subgroup 2, a correlation was found
between the levels of IFNy in maternal blood
and umbilical cord blood (r = 0.60, p = 0.0001).
Investigating the antigen composition of monocytes
in maternal blood revealed that in subgroup 1,
the expression of CD14 was 1.2 times lower than
in the control group and 1.43 times higher than in
subgroup 2. In subgroup 2, the number of monocytes
expressing CD14 was 1.71 times smaller than in the
control group. The analysis of HLA-DR expression
in subgroup 1 revealed a decrease by 1.21 times
compared to the control group and an increase by
1.48 times compared to subgroup 2. In subgroup
2, the HLA-DR values were 1.8 times lower than
in the control group. In subgroup 1, a decrease in
the circulation of CD14 by 1.24 times was noted in

umbilical cord blood compared to the control group
and an increase by 1.4 times compared to subgroup 2.
In subgroup 2, monocytes were characterized by lower
levels of CD14 (by 1.73 times) compared to the control
group.

The analysis of HLA-DR expression in umbilical
cord blood monocytes in subgroup 1 showed a
decrease by 1.21 times compared to the control group
and an increase by 1.34 times compared to subgroup
2. In subgroup 2, the HLA-DR values were 1.63
times lower compared to the control group. In paired
comparisons of the average CD14 and HLA-DR values
in maternal blood monocytes and umbilical cord blood,
no significant differences were found for subgroup 1
(» = 0.576 and p = 0.468, respectively) and for
subgroup 2 (p = 0.968 and p = 0.05, respectively).
Significant paired correlations in subgroup 1 were
found between the parameters of maternal blood and
umbilical cord blood for CD14 (» = 0.63, p = 0.0001)
and HLA-DR (r=0.48, p = 0.007).
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It is worth noting that in the studied subgroups,
none of the placental samples showed the presence of
SARS-CoV-2, indicating the absence of a risk of its
vertical transmission to the fetus.

Table 2 presents pregnancy outcomes in the studied
groups. Full-term births occurred in all women in
subgroup 1 and in 87.5% of women in subgroup 2. The
gestational age at the time of delivery in subgroup 1 was
39.0 (38.0; 40.0) weeks and did not have significant
differences from the control group — 39.0 (38.0; 40.0)
weeks (p = 0.756); however, it was significantly
higher than in subgroup 2 — 38.0 (37.0; 39.0) weeks
(p = 0.034). The differences between subgroup 2 and
the control group were also statistically significant
(p = 0.027). Preterm births (PB) (060.1) occurred in
12.5% of women in subgroup 2. Natural childbirth
delivery (NCD) took place in 93.55% of women in

subgroup 1 and in 87.5% of women in subgroup 2,
while cesarean delivery (CD) — in 6.45% and 12.5%
of women, respectively. Indications for elective CD
were: mismatch between the pelvic size and the fetal
head size, uterine scar after CD, incompetent cervix,
breech presentation of the fetus with anticipated
weight of more than 3,600 grams, and placenta previa.
Premature rupture of membranes (PROM) (042)
occurred in 12.9% of women in subgroup 1, which
was significantly less often than in subgroup 2 —
27.5%. The study showed that moderate severity of
COVID-19 increased the risk of PROM (RR = 2.13
(95% CI 1.17-3.87)) compared to subgroup 1.

The average birth weight of newborns did not
significantly differ between the subgroups and compared
to the control group. The condition of the newborns was
assessed by the Apgar score at 1 and 5 minutes (Table 3).

Table 2
Pregnancy outcomes in women of the study groups
Main group
Control group
Parameter Subgroup 1 Subgroup 2 p
abs. % abs. % abs. %
NBD 29 93.55 35 87.5 21 95.45 p1=0.552; p2=0.049; p,=0.158
CD 2 6.45 5 12.5 1 4.54 p1=0.746; p> = 0.069; p.= 0.595
PB - - 5 125 - -
PROM 4 12.9 11 27.5 2 9.1 p1=10.498; p>=0.002; p; = 0.022

Table 3

Birth weight and Apgar score in newborns delivered by mothers of the study groups, Me (0,.; 0..)

Main group

Parameter

Subgroup 1

Subgroup 2

Control group

p

Birth weight, g

3,300.0 (3,190.0; 3,550.0)

3,295.0 (2,817.0; 3,737.0)

3,200.0 (3,040.0; 4,000.0)

p1=0.550; p,=0.768; ps = 0.503

Apgar score:
— at 1 minute;
— at 5 minutes

8.0 (8.0; 9.0)
9.0 (9.0; 10.0)

8.0 (8.0; 9.0)
9.0 (8.0; 9.0)

8.0 (8.0; 9.0)
9.0 (9.0; 10.0)

p1=0.735; p,=0.628; ps = 0.806
p1=0.798; p,=0.007; ps = 0.003

No significant differences in the Apgar scores at 1
minute were found either between subgroups 1 and 2
or between the control group and the study subgroups.
However, a decrease in the Apgar score at 5 minutes
was determined in newborns delivered by mothers in
subgroup 2 compared to those delivered by mothers in
subgroup 1 and the control group. Cerebral ischemia
(CD (P91.0) was diagnosed in 6.45% of newborns
in subgroup 1 and in 21.9% of babies in subgroup
2 (Table 4). Newborns of mothers in subgroup 2
had a higher risk of CI, RR = 3.83 (95% CI 1.63—
9.01) compared to those delivered by mothers in
subgroup 1. Respiratory distress syndrome (RDS) and

intraventricular hemorrhages (IVH) were diagnosed
only in newborns delivered by mothers in subgroup 2.

Table 4

Incidence in newborns delivered by mothers of the study
groups, persons

Main group Control
Parameter Subgroup 1, Subgroup 2, group, P
31 40 22
abs. % abs. % abs. | %
CI 2 6.45 9 22.5 — — 10.003
IVH - — 5 12.5 - -
RDS - - 7 17.5 - -

Note. Statistical difference between the parameters of subgroup land
subgroup 2 —p.
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DISCUSSION

Studies have shown that COVID-19 can alter
innate immunity in pregnant women not only during
the acute phase of the disease but also after recovery.
Our results showed that COVID-19 infection in the
third trimester of pregnancy induced a sustained
antibody and cytokine response at the time of delivery
and caused a significant decrease in transplacental
transfer of IgG antibodies with a more pronounced
negative proinflammatory effect of TNFa and IL-6
and a reduced proinflammatory effect of IFNy in
moderate infection, which is in line with the available
data [11].

Mild infection was associated with higher levels
of IgG antibodies and reduced levels of TNFa and
IL-6 in maternal blood and umbilical cord blood. In
moderate infection, reduced IFNy levels were also
noted, apparently due to increased circulation of 1L-6
and insufficient production of antiviral antibodies [12].
Maternal levels of IgG antibodies and proinflammatory
cytokines were correlated with values in umbilical cord
blood; the strength of the correlation was determined
by the severity of COVID-19 in the third trimester of
pregnancy.

We also detected no significant differences in
lymphocyte and leukocyte count in maternal blood
regardless of the severity of COVID-19 amidst the
variability of the proinflammatory cytokine profile,
indicating their dysfunction. Nevertheless, the
predominance of the inflammatory cytokine profile in
the blood of mothers with past COVID-19 should be
considered in the context of significant fluctuations in
parameters during full-term and preterm labor [13].
The study of the monocyte response to COVID-19 in
the third trimester showed an increase in their count
in maternal blood in mild COVID-19 compared to
moderate disease. The percentage of classical CD14
monocytes and monocytes expressing HLA-DR in
maternal blood and umbilical cord blood was reduced
according to the severity of COVID-19 infection,
determining complex immune dysregulation and
forming temporary  immunosuppression [14].
The decrease in the HLA-DR expression on cell
membranes of CD14 monocytes was likely linked to
the inhibitory effect of IL-6 [15]. Maternal levels of
CD14 and HLA-DR were correlated with the ones
in the umbilical cord blood. Regarding obstetric and
perinatal outcomes, moderate COVID-19 in the third
trimester increased the risk of preterm births, which

is consistent with the data of systematic reviews and
meta-analyses [16].

However, according to some reports, Omicron
variant infection of pregnant women did not increase
the risk of preterm birth compared to the Delta variant
[17], though these findings require confirmation.
PROM in moderate COVID-19 occurred 2.13 times
more frequently than in mild infection, potentially
increasing the risk of neonatal infection and associated
complications. However, no SARS-CoV-2 nucleic
acid was detected in any of the placental samples
obtained from women with COVID-19 in the third
trimester of pregnancy, which is consistent with the
available data [18].

In assessing the condition of newborns, no
differences in body weight and 1-minute Apgar score
were found, although 5-minute scores in moderate
infection were lower than in mild forms of the disease,
which is consistent with research data and possibly
indicates lower adaptive capacity of the newborn
[19]. The risk of CI in newborns delivered by mothers
with moderate COVID-19 increased by 3.83 times
compared to mild infection. In 12.5% of newborns,
IVH was diagnosed, and 17.5% of babies had RDS.

Therefore, the dysregulation of innate immunity in
maternal blood and umbilical cord blood established
in the study, the extent of which was associated with
the severity of COVID-19 in the third trimester of
pregnancy, contributes significantly to the development
of obstetric complications and associated disorders in
newborns, altering their individual adaptive response
to infection.

CONCLUSION

We showed that the severity of COVID-19 in the
third trimester of pregnancy was associated with the
complexity of immune dysregulation characterized
by reduced levels of SARS-CoV-2 IgG antibodies
and proinflammatory IFNy in maternal and umbilical
cord blood, as well as with the decreased expression of
CD14 and HLA-DR by monocytes. This may indicate
the development of temporary immunosuppression.
Parameters of innate immunity and cytokine response in
the maternal blood were correlated with the ones in the
umbilical cord blood. Moderate severity of COVID-19
increased the risk of preterm births, neonatal cerebral
ischemia, intraventricular hemorrhage, and respiratory
distress syndrome. No risk of vertical SARS-CoV-2
transmission to the fetus was detected.
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