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Abstract: Background: SARS-CoV-2 infection in pregnant women may induce inflammation within
the amniotic cavity and/or an increase in proinflammatory cytokines in fetal circulation. The aim
was to investigate levels of IL-6 in maternal blood, umbilical cord blood, and amniotic fluid in
pregnant women infected with SARS-CoV-2 at delivery. Methods: A single-center prospective
observational case—control study of pregnant women diagnosed with SARS-CoV-2 infection at
delivery was conducted. A total of 48 infected and 42 healthy women had IL-6 concentrations
measured in their blood, amniotic fluid, and umbilical cord blood. Results: The concentrations
of IL-6 in maternal blood and amniotic fluid were similar in the study and control groups, while
umbilical cord blood concentrations were significantly higher in SARS-CoV-2-positive women. The
umbilical cord blood IL-6 concentration was related to composite neonatal morbidity. Conclusions:
Maternal SARS-CoV-2 infection in pregnant women at delivery increases umbilical cord blood IL-6
concentration. The correlation between maternal and umbilical blood concentrations indicates a
possibility of passage of IL-6 through the placenta. Perinatal alterations resulting from maternal
SARS-CoV-2 infection at delivery carry a risk of impacting the health of infants even in asymptomatic
course of infection.
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1. Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) was identified on 7
January 2020, and after two months the World Health Organization declared the novel coro-
navirus outbreak a global pandemic [1]. At that time, coronavirus disease 2019 (COVID-19)
was one of the leading causes of maternal death worldwide, causing pneumonia, acute
respiratory distress syndrome, and multiple organ failure. Although COVID-19 is usually
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asymptomatic or mild-symptomatic, pregnant women are at increased risk of respiratory
failure or death [2,3]. SARS-CoV-2 infection during pregnancy is also related to an increased
risk of miscarriage, preeclampsia, preterm delivery, and intrauterine fetal demise [4,5].
Interleukin 6 (IL-6) is a multifunctional cytokine. It regulates immune responses,
inflammation, hematopoesis, and also trophoblast proliferation, invasion, and differenti-
ation [6]. It is produced by macrophages, monocytes, fibroblasts, endothelial cells, and
trophoblasts [7]. This cytokine is a major mediator of organism response to infection or
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tissue injury. It plays a role in T-cell activation, induces differentiation of cytotoxic T cells,
and induces antibody secretion by B cells [8]. In severe cases of COVID-19, a cytokine storm
has been observed [9]. The virus enters the cell and provokes an immune response with
massive inflammatory cytokine production. SARS-CoV-2 can rapidly activate pathogenic
Th1 cells to secrete proinflammatory cytokines, such as granulocyte-macrophage colony-
stimulating factor (GM-CSF) and IL-6 [10]. The cytokine storm is characterized by a high
expression of IL-6 and TNF-« [10]. High levels of serum IL-6 were observed in patients
with severe and critical COVID-19 in comparison to asymptomatic patients, and the highest
values were observed in non-survivors [11].

The virus was detected using polymerase chain reaction (PCR) in the placenta, umbili-
cal cord blood, or neonatal blood collected within the first 12 h after birth, or amniotic fluid
collected prior to the rupture of membranes, which supports the potential of congenital,
intrapartum, and postnatal maternal-fetal-neonatal SARS-CoV-2 infections [12,13]. In
infected newborns, mild to moderate symptoms associated with SARS-CoV-2 including
cough, respiratory distress, fever, and pneumonia may be present [14].

According to Romero, preterm delivery is a symptom with many causes, among
others of infection [15]. Elevated concentrations of IL-6 in amniotic fluid were reported in
women with spontaneous preterm delivery [16]. In pregnant women with COVID-19, an
immune activation was described at the maternal—fetal interface, even in the absence of
detectable local viral invasion in COVID-19 during pregnancy [17]. SARS-CoV-2 enters
the cell through angiotensin-converting enzyme (ACE2)/transmembrane protease, serine
2 (TMPRSS2), or by using the CD147/spike protein pathway [18,19]. ACE2, TMPRSS2,
and CD147 are co-expressed in the syncytiotrophoblast, villous, and extravillous cytotro-
phoblast, while CD147 is expressed in amniotic epithelial cells. Therefore, the placenta
and amniotic membranes may be infected. Placental and membrane inflammation can
release inflammatory cytokines into fetal blood and amniotic fluid. Therefore, we have
assumed that SARS-CoV-2 infection in pregnant women may induce inflammation within
the amniotic cavity and/or an increase in proinflammatory cytokines in fetal circulation.

The aim of this study was to investigate IL-6 concentrations in maternal blood, um-
bilical cord blood, and amniotic fluid in pregnant women infected with SARS-CoV-2
at delivery.

2. Material and Methods

It was a single-center prospective observational case—control study of pregnant women
diagnosed with SARS-CoV-2 infection, conducted between February and May 2022 (during
the Omicron variant epidemic) at the Department of Obstetrics, Perinatology and Neona-
tology of Center of Postgraduate Medical Education. Women in singleton pregnancy, aged
18 years and older, with gestational age above 24 weeks, who delivered within 7 days fol-
lowing admission, were included in the study. A SARS-CoV-2 RT-qPCR test was performed
in each patient upon admission to the hospital. SARS-CoV-2 RT-qPCR-positive women
were included in the study group, while SARS-CoV-2 RT-qPCR-negative pregnant women
matched for gestational age were included in the control group. All patients delivered
within 7 days after the test performance via elective cesarean section. The following data
were collected: age, body mass index (BMI), nicotine addiction, parity, twin pregnancy,
preexisting hypertension, gestational hypertension, preeclampsia, and gestational diabetes
mellitus (GDM). The BMI was calculated by dividing weight in kilograms by height in
meters squared. Hypertension, preeclampsia, and diabetes mellitus were diagnosed ac-
cording to the Polish Society of Obstetricians and Gynecologists’ guidelines [20]. A preterm
delivery was defined as one occurring before 37 weeks of gestation. COVID-19 respiratory
issues such as pneumonia, need for oxygen supplementation, need for continuous positive
airway pressure (CPAP), and mechanical ventilation were analyzed.

Pregnant women with SARS-CoV-2 infection were monitored for symptoms of in-
fection and dyspnoea. In cases of blood oxygen saturation below 95% on room air or a
respiratory rate >30 breaths/min, oxygen supplementation was administered via a nasal
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canula or reservoir mask. All infected women were administered thromboprophylaxis. In
case of mild respiratory syndromes, inhaled budesonide was administered, while in mod-
erate and severe COVID-19, remdesivir within the first 5 days from the onset of infection
and intravenous dexamethasone were given.

All women had white blood cell counts (WBC), serum C-reactive protein (CRP), procal-
citonin (PCT), and IL-6 concentrations measured. During cesarean section, a 5 mL sample
of amniotic fluid was collected with the use of a needle before opening the uterine cavity.
After delayed cord clamping, a 5 mL sample of umbilical cord blood was collected. IL-6
concentrations in maternal and umbilical cord blood and amniotic fluid samples were
measured with the VITROS 5600 immunodiagnostic system, using a two-stage immuno-
metric technique with enhanced chemiluminescence reading. Viral RNA was isolated with
the automated bioMérieux eMAG platform (nasopharyngeal swabs and umbilical cord
blood) or a Macherey-Nagel RNA NucleoSpin Mini Kit (placenta tissue). An RT-qPCR for
SARS-CoV-2 was performed with use of a bioMérieux SARS-CoV-2 R-Gene kit on a BioRad
CEX96 cycler. Virological analyses were performed at the Chair and Department of Medical
Microbiology, Medical University of Warsaw.

Neonatal birthweight and outcome, including the need for CPAP, mechanical ventila-
tion, intraventricular hemorrhage (IVH), and neonatal intensive care unit (NICU) admission
were analyzed. Composite neonatal morbidity was defined as the occurrence of at least one
of the following: NICU admission, CPAP, mechanical ventilation, or IVH. Newborns small
for gestational age (SGA) were diagnosed if their birthweight was below the 10th percentile
for gestational age. SARS-CoV-2 RT-qPCR tests in nasopharyngeal swabs, umbilical cord
blood, and placenta were performed in a subgroup of newborns delivered by mothers with
SARS-CoV-2 infection.

The primary outcome was IL-6 concentrations in maternal, umbilical cord blood, and
amniotic fluid in women with and without SARS-CoV-2 infection. Secondary outcomes
comprised the analysis of the correlation between maternal, umbilical cord blood, and am-
niotic fluid IL-6 concentrations, and the relation between IL-6 concentrations and composite
neonatal morbidity.

Assuming Pearson’s linear correlation r = 0.5 between the concentration of IL-6 in
the pregnant woman’s blood and umbilical cord blood or amniotic fluid, with a power
of 80% and type I error alpha = 0.05, the required size of the study and control groups
was calculated to be 29. Variables were described as percentage or median (interquartile
range). For statistical analysis, the Mann-Whitney test and the Fisher’s exact test were used.
Box and whisker plots were created to visualize the results and are presented in Figure 1.
p-values < 0.05 were considered significant. A Spearman’s analysis was performed to
identify correlations between IL-6 concentrations. The data were analyzed using Statistica
version 13.1, Tibco Software Inc., Palo Alto, CA, USA.
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Figure 1. Box and whisker plots of IL-6 concentrations in maternal blood (a), umbilical cord blood (b),
and amniotic fluid (c). Negative—group of SARS-CoV-2-negative women; positive—group of SARS-
CoV-2-positive women, *—p = 0.02.

The study protocol was approved by the Bioethics Committee at the Center of Post-
graduate Medical Education. The study was conducted in accordance with the World
Medical Association Declaration of Helsinki. All enrolled women gave a written informed
consent to participate in the study.

3. Results

A total of 48 women diagnosed with SARS-CoV-2 infection were included in the
study. Their basic characteristics are presented in Table 1. They were matched with
48 women negative for SARS-CoV-2. Six women from the control group were excluded
from the analysis due to the spontaneous onset of uterine contractions and cesarean section
performed during the first stage of labor. Finally, there were 42 women in the control group.
Their characteristics are presented in Table 1.

The study and control groups were similar in terms of age, BMI, and parity. Two
women with COVID-19 required oxygen supplementation via nasal canula due to dyspnoea
and blood oxygen saturation below 95% on room air. They were administered inhaled
budesonide. None of the infected women required mechanical ventilation or CPAP. Less
women in the study group were vaccinated for SARS-CoV-2. Although there were no
differences in neonatal birthweights between the groups and all newborns were born in
good general condition, six neonates in the study group (12.5%) suffered from respiratory
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disorders after delivery and were admitted to NICU. The comparison of outcomes between
the study and the control group is presented in Table 1.

Table 1. Characteristics of the SARS-CoV-2-positive and -negative pregnant women and their new-
borns included in the study.

SARS-CoV-2 SARS-CoV-2
Positive Negative
N =48 N =42
Median Median
(Interquartile Range) (Interquartile Range) P
Women
Age (years) 32 (31-37) 33 (31-35.5) 1
BMI (kg/m?) 27.5 (25.5-33.4) 28 (26.4-30.3) 0.8
SARS-CoV-2 vaccination * 25 (52.1) 33 (78.6) 0.02
COVID-19 treated with oxygen 2(42) )
supply *
COVID-19 pneumonia 0 -
CPAP 0 -
Mechanical ventilation 0 -
Primiparous * 18 (37.5) 18 (42.9) 0.6
Chronic hypertension * 2(4.2) 1(2.4) 0.8
hyper’cengf)i[;l ;I?eneillampsia * 6(12:5) 1ed 01
SGA * 5(104) 4 (9.5) 0.9
Gestational diabetes mellitus * 3(6.3) 4(9.5) 0.8
Nicotinism in pregnancy * 3(6.3) 0 0.1
Gestational age at delivery (weeks) 38 (37-39) 39 (38-39.25) 0.3
Preterm delivery * 7 (14.5) 2 (4.8) 0.2
Newborns
Birthweight (g) 3375 (3110-3910) 3510 (3092-3742) 0.7
Apgar <8* 0 0 1
NICU admission * 6 (12.5) 0 0.046
CPAP* 6 (12.5) 0 0.046
Mechanical ventilation * 1(2.1) 0 0.9
IVH * 0 0 1

*—number (percent), BMI—body mass index; SGA—small for gestational age; NICU—neonatal intensive care
unit; CPAP—continuous positive airway pressure; [VH—intraventricular hemorrhage.

The values of WBC, CRP, PCT, and IL-6 are presented in Table 2. No significant
differences were observed in maternal blood WBC, PCT, or IL-6 concentrations between
SARS-CoV-2-positive and -negative women. CRP concentrations were higher in the study
group, however, the difference was not significant. The concentrations of IL-6 in the
amniotic fluid were similar in the study and control groups, while umbilical cord blood
IL-6 concentrations were significantly higher in the SARS-CoV-2-positive women. There
were no differences between maternal blood and umbilical cord blood IL-6 concentrations
in the study group (p = 0.8), while IL-6 concentrations in the amniotic fluid were about
100-times higher (p < 0.01). Similar relations were found in the control group. The box and
whisker plots of IL-6 concentrations in maternal blood, umbilical cord blood, and amniotic
fluid are presented in Figure 1.
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Table 2. Laboratory parameters of infection in women with and without SARS-CoV-2.
SARS-CoV-2 SARS-CoV-2
Positive Negative
N =48 N =42
Median Median
(Interquartile (Interquartile p
Range) Range)
WBC (10%/uL) 9.4 (6.7-11.3) 9.1 (8-10.6) 0.9
CRP (mg/L) 6.9 (2.6-15.6) 2.8 (1.5-3.9) 0.06
Maternal blood
arerhal bloo PCT (ng/mL)  0.07 (0.04-0.1)  0.04(0.01-0.07) 1
IL-6 (pg/mL) 5.3 (3.4-7.1) 4.4 (3-5.9) 0.6
Amniotic fluid IL-6 (pg/mL) 511 (259-880.5) 514 (310-770.5) 0.9
Umbilical cord blood IL-6 (pg/mL) 6.2 (4.3-8.3) 4.2 (2.6-4.9) 0.02

WBC—white blood cell count; CRP—C-reactive protein; PCT—procalcitonin, IL-6—interleukin 6.

Further analysis of the correlations between IL-6 in maternal blood, umbilical cord
blood, and amniotic fluid was performed. No correlation between maternal blood and am-
niotic fluid IL-6 concentrations, nor umbilical cord blood and amniotic fluid concentrations
were found. An average correlation between maternal blood and umbilical cord blood IL-6
concentration was observed (r = 0.373, p = 0.01).

All newborns from the study group had nasopharyngeal swabs for SARS-CoV-2 RT-
qPCR tests performed. In two cases, the test was positive—one directly after the delivery
and one on the 7th day of life. IL-6 concentrations in the amniotic fluid and umbilical cord
blood were as follows: >75,000 pg/mL and 25.9 pg/mL (SARS-CoV-2 infection diagnosed
after delivery) and 1390 pg/mL and 4.19 pg/mL, respectively (SARS-CoV-2 infection
diagnosed on the 7th day). SARS-CoV-2 RT-qPCR tests were performed in the umbilical
cord blood and placenta of 17 newborns from the study group. None of the tests were
positive. The newborn positive for SARS-CoV-2 directly after the delivery was born at 39
weeks of gestation weighing 4720 g in good general condition. The course of infection
was asymptomatic. The other newborn was delivered at 39 weeks weighing 2890 g (8th
percentile) in good general condition. The first PCR test was negative. Due to blood oxygen
saturation of 85% during the first day of life he was administered oxygen therapy. The
second PCR test, performed on the 7th day of life, was positive. The baby was discharged
home in good general condition after 11 days of hospitalization.

The relation between IL-6 concentration and composite neonatal morbidity was ana-
lyzed. No significant differences were observed in maternal blood or amniotic fluid IL-6
concentrations, while IL-6 concentrations were significantly higher in the umbilical cord
blood of newborns with adverse outcomes. The results are presented in Table 3.

Table 3. The relation between IL-6 concentration and composite neonatal morbidity.

Composite Neonatal No Composite

Morbidity Neonatal Morbidity
Median Median
IL-6 (pg/mL) (Interquartile Range) (Interquartile Range) P
Maternal blood 5.1 (4.14-9.64) 4.5 (3.38-7.34) 0.4
Amniotic fluid 294 (168-733) 524 (323-860) 0.4
Umbilical cord blood 7.6 (5.02-9.54) 4.6 (3-6.22) 0.03

IL-6—interleukin 6.
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4. Discussion
4.1. Maternal IL-6 Levels in Women Infected with SARS-CoV-2

This is the first study investigating IL-6 concentrations in blood, umbilical cord blood,
and amniotic fluid in women with SARS-CoV-2 infection at delivery in comparison to
healthy controls. Maternal concentrations of serum IL-6 were similar in SARS-CoV-2-
positive and -negative women. This may be related to the fact that most of the included
women were asymptomatic. Brancaccio et al. investigated pregnant women with symp-
tomatic COVID-19 admitted to the COVID Unit of Mother and Child Department at
University Hospital Federico II in 2021 and found a nearly three-fold increase in serum IL-6
concentrations in comparison to healthy controls [21]. Rubio et al. observed higher concen-
trations of serum IL-6 in pregnant women with COVID-19 than in blood of asymptomatic
women infected with SARS-CoV-2 [22]. As IL-6 concentration is related to the severity of
the disease, we observed moderately higher concentrations in infected women, however,
the difference was not significant.

4.2. Amniotic Fluid and Umbilical Cord IL-6 Levels in Women Infected with SARS-CoV-2

We have investigated IL-6 concentrations in two compartments related to pregnancy—
amniotic fluid and umbilical cord blood, which represent fetal circulation. We found
significantly higher IL-6 concentrations in umbilical cord blood in SARS-CoV-2-positive
women. Similar results were presented by Brancaccio et al. They found IL-6 in umbilical
cord blood to be 3.6-times higher in infected women than in non-infected controls [21].

Maternal IL-6 levels were investigated in viral infections. Viremia may induce ex-
pression of IL-6 by fetal membranes and chorion, for example, in influenza infection [23].
High concentrations of IL-6 are present in amniotic fluid during the second and third
trimester of pregnancy and increase in chorioamnionitis and preterm delivery [24,25]. In
our study, around 100-times higher concentrations were detected in amniotic fluid both
in SARS-CoV-2-positive and -negative women than in any blood samples taken in both
groups. Significantly higher IL-6 concentrations in amniotic fluid compared to serum,
both in maternal and umbilical cord blood, were also observed in a study by Santhanam
etal. [25].

4.3. Relation between Maternal Blood, Umbilical Cord Blood, and Amniotic Fluid IL-6 Levels

To our knowledge no other study investigating IL-6 concentrations in active SARS-
CoV-2 infection in maternal blood, umbilical cord blood, and amniotic fluid simultaneously
and analyzing the relations between them has been published so far. Taglauer et al. reported
on several cytokine concentrations in maternal and umbilical cord blood in 31 mother—
newborn dyads, but their inclusion criterion was SARS-CoV-2 infection at any point during
pregnancy [26]. The authors found significantly higher concentrations of serum IL-6 in
infected women in both maternal and fetal blood in comparison to healthy controls. No
correlations between maternal and fetal IL-6 concentrations were observed in that or other
studies [7,25,26]. Taglauer et al. observed differing maternal-infant correlation profiles of
IL-6, IL-8, and interferon-gamma-induced protein 10, which indicates that fetal cytokine
elevations are not merely a passive transfer of maternal cytokines into fetal circulation [26].
Therefore, it can be assumed that maternal blood, amniotic fluid, and umbilical cord blood
act like three separate compartments. The question is whether IL-6 concentrations in these
compartments are interdependent or not. In animal models and in vitro placenta perfusions,
a bidirectional transfer of IL-6 was observed [27,28]. Therefore, as IL-6 concentration
in amniotic fluid is much higher than in blood, the passage from amniotic fluid into
maternal and fetal circulation could be possible. Jongh et al. investigated the feto-maternal
dependency of umbilical cord blood IL-6 concentrations in 81 healthy patients. Researchers
collected maternal blood samples on admission to the hospital and just after the delivery.
They found a significant positive correlation between neonatal cord blood and maternal
serum IL-6 concentrations both on admission (r = 0.57, p < 0.001) and after the delivery
(r =0.79, p < 0.001). The correlation was not influenced by the mode of delivery [8].
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These findings support the hypothesis that placental passage of IL-6 from the mother to
the fetus is possible and are in accordance with our results. We observed a correlation
between maternal blood and umbilical cord blood IL-6 concentrations. Another argument
for placental passage of IL-6 was put forward by Singh et al. in a study investigating IL-6
concentrations in cord plasma and in neonatal mononuclear cells by reverse transcriptase-
PCR before and after mitogenic stimulation. Elevated concentrations of IL-6 were found in
cord plasma in chorioamnionitis, while mononuclear cells from neonates expressed no IL-6
mRNA in vivo. Cord blood mononuclear cells from healthy term babies were capable of
synthesizing IL-6 in vitro in response to stimulation with bacterial lipopolysaccharide [29].
Therefore, it can be concluded that observed concentrations of IL-6 in cord blood are related
to maternal levels of IL-6.

Proinflammatory cytokines can enter the uterine cavity and impair normal fetal devel-
opment [30]. Elevated IL-6 concentration in pregnancy is related to the risk of miscarriage,
preeclampsia, and preterm delivery [25,31,32]. According to our results, SARS-CoV-2
infection at delivery is related to higher concentrations of IL-6 in umbilical cord blood,
even if the infection is asymptomatic. We found elevated IL-6 concentrations in cord blood
to be related to composite neonatal morbidity as well. Proinflammatory cytokines and
inflammation can impair the fetal nervous system. The injection of IL-6 into pregnant
mice increased glutamatergic synapse density and disrupted hippocampal connectivity
in offspring [33]. In humans, maternal immune system activation may influence fetal
neurodevelopment and trigger autism spectrum disorder, attention deficit hyperactivity
disorder, and cognitive dysfunction, and lead to anxiety, depression, and schizophrenia
development later in life [34]. Gonzalez-Mesa et al. investigated humoral and cellular
immunity in maternal and umbilical cord blood in 79 pregnant women delivering after the
diagnosis of SARS-CoV-2 infection during pregnancy. Although they found no SARS-CoV-
2 virus RNA in any of the analyzed placental samples, detectable concentrations of IgG
anti-SARS-CoV-2 antibodies, IL-1b, IL-6, and IFN-gamma were observed in umbilical cord
blood. Significant correlations were discovered between IgG anti-SARS-CoV-2 antibodies
and fetal CD3+ mononuclear cells, CD3+/CD4+, and CD3+/CD8+ T-cell subsets [35]. This
proves that even without placental transmission of the virus, a significant fetal immune
response is activated.

4.4. Strengths and Limitations

The strength of the presented research is its homogeneous study cohort of women
infected with SARS-CoV-2 within a short time prior to delivery and a control group of
non-infected women. All included participants had a SARS-CoV-2 RT-qPCR test performed.
All women delivered via elective cesarean section. According to Trevifio-Garza et al., IL-6
concentrations are affected by the mode of delivery, with an increase in concentration
during vaginal birth [36]. Therefore, we have excluded a possible bias related to the
mode of delivery. Sample collection of maternal blood, amniotic fluid, and umbilical
cord blood in every mother-newborn dyad allowed us to analyze interdependencies of
IL-6 concentrations between them. The study is, however, not free of limitations. One
of them is the time of recruitment to the study, as between February and May 2022 the
most common SARS-CoV-2 variant was Omicron, which was characterized by usually
asymptomatic or mild symptomatic course. Only two women in our study group required
oxygen therapy (4.2%). The oligosymptomatic course of infection probably influenced
maternal IL-6 concentrations. Our cohorts were of moderate sample size, but unfortunately
umbilical cord blood and placenta were tested for SARS-CoV-2 only in 17 cases.

5. Conclusions

Maternal SARS-CoV-2 infection in pregnant women at delivery increases umbilical
cord blood IL-6 concentrations. The correlation between maternal and umbilical blood
concentrations indicates a possibility of IL-6 passage through the placenta. This study
supports a growing body of evidence that perinatal alterations resulting from maternal
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SARS-CoV-2 infection at delivery have a risk of impacting the health of infants even in the
absence of fetal SARS-CoV-2 transmission or asymptomatic course of infection.

Author Contributions: Conceptualization, K.K.-K. and B.R.; methodology, B.R. and A.B.; investiga-
tion, B.R.,, H.C.-P, A.B.,, M.P,, K.C,, A.L. and R.B.-B.-S.; data curation, B.R., K.C., H.C.-P, A.B. and
M.P,; writing—original draft preparation, K.K.-K., B.R., M.P,, A.B. and H.C.-P,; writing—review and
editing, I.S. and R.B.-B.-S.; visualization, I.S.; project administration, K.C. All authors have read and
agreed to the published version of the manuscript.

Funding: The trial was funded by the Centre of Postgraduate Medical Education, Warsaw, Poland.
Grant number 506-1-157-01-23.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Center of Postgraduate Medical Education
(protocol code 22/2022 on 16 February 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data will be available on request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cucinotta, D.; Vanelli, M. WHO Declares COVID-19 a Pandemic. Acta Biomed. 2020, 91, 157-160.

2. Galang, R.R.; Newton, S.M.; Woodworth, K.R.; Griffin, I.; Oduyebo, T.; Sancken, C.L.; Olsen, O.O.; Aveni, K.; Wingate, H.;
Shephard, H.; et al. Risk Factors for Illness Severity Among Pregnant Women with Confirmed Severe Acute Respiratory Syndrome
Coronavirus 2 Infection-Surveillance for Emerging Threats to Mothers and Babies Network, 22 State, Local, and Territorial Health
Departments, 29 March 2020-5 March 2021. Clin. Infect. Dis. 2021, 73, S17-523.

3. Jamieson, D.J.; Rasmussen, S.A. An update on COVID-19 and pregnancy. Am. J. Obstet. Gynecol. 2022, 226, 177-186. [CrossRef]
[PubMed]

4. Wei, S.Q.; Bilodeau-Bertrand, M.; Liu, S.; Auger, N. The impact of COVID-19 on pregnancy outcomes: A systematic review and
meta-analysis. CMAJ 2021, 193, E540-E548. [CrossRef]

5. Balachandren, N.; Davies, M.C.; Hall, ].A.; Stephenson, ].M.; David, A.L.; Barrett, G.; O’Neill, H.C.; Ploubidis, G.B.; Yasmin, E.;
Mavrelos, D. SARS-CoV-2 infection in the first trimester and the risk of early miscarriage: A UK population-based prospective
cohort study of 3041 pregnancies conceived during the pandemic. Hum. Reprod. 2022, 37, 1126-1133. [CrossRef]

6.  Saito, S. Cytokine network at the feto-maternal interface. J. Reprod. Immunol. 2000, 47, 87-103. [CrossRef] [PubMed]

7. Tosun, M,; Celik, H.; Avci, B.; Yavuz, E.; Alper, T.; Malatyalioglu, E. Maternal and umbilical serum levels of interleukin-6,
interleukin-8, and tumor necrosis factor-alpha in normal pregnancies and in pregnancies complicated by preeclampsia. . Matern.
Fetal Neonatal Med. 2010, 23, 880-886. [CrossRef] [PubMed]

8.  De Jongh, R.E; Puylaert, M.; Bosmans, E.; Ombelet, W.; Maes, M.; Heylen, R. The fetomaternal dependency of cord blood
interleukin-6. Am. J. Perinatol. 1999, 16, 121-128. [CrossRef] [PubMed]

9. Tang, Y,; Liu, J.; Zhang, D.; Xu, Z.; Ji, J.; Wen, C. Cytokine Storm in COVID-19: The Current Evidence and Treatment Strategies.
Front. Immunol. 2020, 11, 1708. [CrossRef] [PubMed]

10. Hu, B.; Huang, S.; Yin, L. The cytokine storm and COVID-19. J. Med. Virol. 2021, 93, 250-256. [CrossRef] [PubMed]

11.  Gao, Y.-D.; Ding, M.; Dong, X.; Zhang, J.-J.; Azkur, A.K.; Azkur, D.; Gan, H.; Sun, Y.-L.; Fu, W.; Li, W.; et al. Risk factors for severe
and critically ill COVID-19 patients: A review. Allergy 2021, 76, 428-455. [CrossRef] [PubMed]

12.  Caparros-Gonzalez, R.A.; Pérez-Morente, M.A.; Hueso-Montoro, C.; Alvarez-Serrano, M.A.; de la Torre-Luque, A. Congenital,
Intrapartum and Postnatal Maternal-Fetal-Neonatal SARS-CoV-2 Infections: A Narrative Review. Nutrients 2020, 12, 3570.
[CrossRef] [PubMed]

13.  Kyle, M.H.; Glassman, M.E.; Khan, A.; Fernandez, C.R.; Hanft, E.; Emeruwa, U.N.; Scripps, T.; Walzer, L.; Liao, G.V.; Saslaw, M.;
et al. A review of newborn outcomes during the COVID-19 pandemic. Semin. Perinatol. 2020, 44, 151286. [CrossRef] [PubMed]

14. Yu, N, Li, W; Kang, Q.; Xiong, Z.; Wang, S.; Lin, X; Liu, Y.; Xiao, J.; Liu, H.; Deng, D.; et al. Clinical features and obstetric and
neonatal outcomes of pregnant patients with COVID-19 in Wuhan, China: A retrospective, single-centre, descriptive study. Lancet
Infect. Dis. 2020, 20, 559-564. [CrossRef]

15. Romero, R.; Dey, S.K.; Fisher, S.J. Preterm labor: One syndrome, many causes. Science 2014, 345, 760-765. [CrossRef]

16. Melekoglu, R.; Yilmaz, E.; Ciftci, O.; Kafadar, Y.T.; Celik, E. Associations between second-trimester amniotic fluid levels of
ADAMTS4, ADAMTSS5, IL-6, and TNF-« and spontaneous preterm delivery in singleton pregnancies. J. Perinat. Med. 2019, 47,
304-310. [CrossRef]

17.  Lu-Culligan, A.; Chavan, A.R,; Vijayakumar, P.; Irshaid, L.; Courchaine, E.M.; Milano, K.M.; Tang, Z.; Pope, S.D.; Song, E.; Vogels,

C.B.F,; et al. Maternal respiratory SARS-CoV-2 infection in pregnancy is associated with a robust inflammatory response at the
maternal-fetal interface. Med 2021, 2, 591-610.e10. [CrossRef]


https://doi.org/10.1016/j.ajog.2021.08.054
https://www.ncbi.nlm.nih.gov/pubmed/34534497
https://doi.org/10.1503/cmaj.202604
https://doi.org/10.1093/humrep/deac062
https://doi.org/10.1016/S0165-0378(00)00060-7
https://www.ncbi.nlm.nih.gov/pubmed/10924744
https://doi.org/10.3109/14767051003774942
https://www.ncbi.nlm.nih.gov/pubmed/20441409
https://doi.org/10.1055/s-2007-993845
https://www.ncbi.nlm.nih.gov/pubmed/10438193
https://doi.org/10.3389/fimmu.2020.01708
https://www.ncbi.nlm.nih.gov/pubmed/32754163
https://doi.org/10.1002/jmv.26232
https://www.ncbi.nlm.nih.gov/pubmed/32592501
https://doi.org/10.1111/all.14657
https://www.ncbi.nlm.nih.gov/pubmed/33185910
https://doi.org/10.3390/nu12113570
https://www.ncbi.nlm.nih.gov/pubmed/33233867
https://doi.org/10.1016/j.semperi.2020.151286
https://www.ncbi.nlm.nih.gov/pubmed/32826081
https://doi.org/10.1016/S1473-3099(20)30176-6
https://doi.org/10.1126/science.1251816
https://doi.org/10.1515/jpm-2018-0297
https://doi.org/10.1016/j.medj.2021.04.016

J. Clin. Med. 2023, 12, 5672 10 of 10

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hoffmann, M.; Kleine-Weber, H.; Schroeder, S.; Kriiger, N.; Herrler, T.; Erichsen, S.; Schiergens, T.S.; Herrler, G.; Wu, N.-H,;
Nitsche, A.; et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease
Inhibitor. Cell 2020, 181, 271-280.e8. [CrossRef]

Wang, K.; Chen, W.; Zhang, Z.; Deng, Y.; Lian, ].Q.; Du, P.; Wei, D.; Zhang, Y.; Sun, X.-X.; Gong, L.; et al. CD147-spike protein is a
novel route for SARS-CoV-2 infection to host cells. Signal Transduct. Target. Ther. 2020, 5, 283. [CrossRef]

Wender-Ozegowska, E.; Bomba-Opon, D.; Brazert, J.; Celewicz, Z.; Czajkowski, K.; Gutaj, P.; Malinowska-Polubiec, A.; Zawiejska,
A.; Wielgos, M. Standards of Polish Society of Gynecologists and Obstetricians in management of women with diabetes. Ginekol.
Pol. 2018, 89, 341-350. [CrossRef]

Brancaccio, M.; Mennitti, C.; Calvanese, M.; Gentile, A.; Musto, R.; Gaudiello, G.; Scamardella, G.; Terracciano, D.; Frisso, G.; Pero,
R.; et al. Diagnostic and Therapeutic Potential for HNP-1, HBD-1 and HBD-4 in Pregnant Women with COVID-19. Int. ]. Mol. Sci.
2022, 23, 3450. [CrossRef]

Rubio, R.; Aguilar, R.; Bustamante, M.; Mufioz, E.; Vazquez-Santiago, M.; Santano, R.; Vidal, M.; Melero, N.R.; Parras, D.; Serra, P;
et al. Maternal and neonatal immune response to SARS-CoV-2, IgG transplacental transfer and cytokine profile. Front. Immunol.
2022, 13, 999136. [CrossRef]

Raj, R.S.; Bonney, E.A,; Phillippe, M. Influenza, immune system, and pregnancy. Reprod. Sci. 2014, 21, 1434-1451. [CrossRef]
[PubMed]

Romero, R.; Avila, C.; Santhanam, U.; Sehgal, P.B. Amniotic fluid interleukin 6 in preterm labor. Association with infection. J. Clin.
Investig. 1990, 85, 1392-1400. [CrossRef]

Santhanam, U.; Avila, C.; Romero, R.; Viguet, H.; Ida, N.; Sakurai, S.; Sehgal, P.B. Cytokines in normal and abnormal parturition:
Elevated amniotic fluid interleukin-6 levels in women with premature rupture of membranes associated with intrauterine
infection. Cyfokine 1991, 3, 155-163. [CrossRef]

Taglauer, E.S.; Dhole, Y.; Boateng, J.; Snyder-Cappione, J.; Parker, S.E.; Clarke, K.; Juttukonda, L.; Devera, J.; Hunnewell, J.; Barnett,
E.; et al. Evaluation of maternal-infant dyad inflammatory cytokines in pregnancies affected by maternal SARS-CoV-2 infection
in early and late gestation. J. Perinatol. 2022, 42, 1319-1327. [CrossRef] [PubMed]

Bermick, J.; Watson, S.; Lueschow, S.; McElroy, S.J. The fetal response to maternal inflammation is dependent upon maternal IL-6
in a murine model. Cytokine 2023, 167, 156210. [CrossRef]

Zaretsky, M.V.; Alexander, ] M.; Byrd, W.; Bawdon, R.E. Transfer of inflammatory cytokines across the placenta. Obstet. Gynecol.
2004, 103, 546-550. [CrossRef] [PubMed]

Singh, B.; Merchant, P.; Walker, C.R.; Kryworuchko, M.; Diaz-Mitoma, F. Interleukin-6 expression in cord blood of patients with
clinical chorioamnionitis. Pediatr. Res. 1996, 39, 976-979. [CrossRef] [PubMed]

Yockey, L.]J.; Iwasaki, A. Interferons and Proinflammatory Cytokines in Pregnancy and Fetal Development. Immunity 2018, 49,
397-412. [CrossRef]

Prins, J.R.; Gomez-Lopez, N.; Robertson, S.A. Interleukin-6 in pregnancy and gestational disorders. J. Reprod. Immunol. 2012, 95,
1-14. [CrossRef] [PubMed]

Kigtik, M.; Sezer, S.D.; Yenisey, C.; Yiiksel, H.; Odabasi, A.R. Comparison of interleukin-6 levels in maternal and umbilical cord
blood in early- and late-onset preeclampsia. Gynecol. Endocrinol. 2012, 28, 640-643. [CrossRef] [PubMed]

Mirabella, F.; Desiato, G.; Mancinelli, S.; Fossati, G.; Rasile, M.; Morini, R.; Markicevic, M.; Grimm, C.; Amegandjin, C.; Termanini,
A.; et al. Prenatal interleukin 6 elevation increases glutamatergic synapse density and disrupts hippocampal connectivity in
offspring. Immunity 2021, 54, 2611-2631.e8. [CrossRef]

Estes, M.L.; McAllister, A.K. Maternal immune activation: Implications for neuropsychiatric disorders. Science 2016, 353, 772-777.
[CrossRef] [PubMed]

Gonzalez-Mesa, E.; Garcia-Fuentes, E.; Carvia-Pontiasec, R.; Lavado-Fernandez, A.l.; Cuenca-Marin, C.; Suarez-Arana, M.;
Blasco-Alonso, M.; Benitez-Lara, B.; Mozas-Benitez, L.; Gonzalez-Cazorla, A.; et al. Transmitted Fetal Immune Response in Cases
of SARS-CoV-2 Infections during Pregnancy. Diagnostics 2022, 12, 245. [CrossRef] [PubMed]

Trevifo-Garza, C.; Villarreal-Martinez, L.; Estrada-Zuaniga, C.M.; Leal-Trevifio, M.; Rodriguez-Balderrama, I.; Nieto-Sanjuanero,
A.; Castillo, B.C.-D.; Montes-Tapia, F.F.; de la O-Cavazos, M. Leptin, IL-6 and TNF-« levels in umbilical cord blood of healthy
term newborns in relation to mode of delivery. J. Obstet. Gynaecol. 2016, 36, 719-721. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1038/s41392-020-00426-x
https://doi.org/10.5603/GP.a2018.0059
https://doi.org/10.3390/ijms23073450
https://doi.org/10.3389/fimmu.2022.999136
https://doi.org/10.1177/1933719114537720
https://www.ncbi.nlm.nih.gov/pubmed/24899469
https://doi.org/10.1172/JCI114583
https://doi.org/10.1016/1043-4666(91)90037-E
https://doi.org/10.1038/s41372-022-01391-9
https://www.ncbi.nlm.nih.gov/pubmed/35449446
https://doi.org/10.1016/j.cyto.2023.156210
https://doi.org/10.1097/01.AOG.0000114980.40445.83
https://www.ncbi.nlm.nih.gov/pubmed/14990420
https://doi.org/10.1203/00006450-199606000-00008
https://www.ncbi.nlm.nih.gov/pubmed/8725257
https://doi.org/10.1016/j.immuni.2018.07.017
https://doi.org/10.1016/j.jri.2012.05.004
https://www.ncbi.nlm.nih.gov/pubmed/22819759
https://doi.org/10.3109/09513590.2011.650771
https://www.ncbi.nlm.nih.gov/pubmed/22296277
https://doi.org/10.1016/j.immuni.2021.10.006
https://doi.org/10.1126/science.aag3194
https://www.ncbi.nlm.nih.gov/pubmed/27540164
https://doi.org/10.3390/diagnostics12020245
https://www.ncbi.nlm.nih.gov/pubmed/35204335
https://doi.org/10.3109/01443615.2016.1148128

	Introduction 
	Material and Methods 
	Results 
	Discussion 
	Maternal IL-6 Levels in Women Infected with SARS-CoV-2 
	Amniotic Fluid and Umbilical Cord IL-6 Levels in Women Infected with SARS-CoV-2 
	Relation between Maternal Blood, Umbilical Cord Blood, and Amniotic Fluid IL-6 Levels 
	Strengths and Limitations 

	Conclusions 
	References

