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Maternal oxidative imbalance in symptomatic SARS-COV-2 during pregnancy
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The coronavirus infection (Covid-19) leads to overactive immune responses, resulting in oxidative stress (OS),
excessive reactive oxygen/ nitrogen (ROS/RNS) production, reduced antioxidant enzymes, and disrupted total redox
balance. Pregnant women are more susceptible to respiratory pathogens, i.e. to Covid-19. The aim of the study was to
investigate the effects of symptomatic Covid-19 during pregnancy on oxidative/antioxidant status in blood during
pregnancy and the consequences for the mother. The patients were divided: 1) Controls (n = 100); singleton pregnancy,
without Covid-19; and 2) Covid-19 group (n = 65), singleton pregnancy, with symptomatic Covid-19 (>30 gestational
weeks). Serum superoxide dismutase (p < 0.01), catalase (p < 0.01), protein carbonylation (p < 0.001), ROS production
(p < 0.01) and albumin oxidation (p < 0.05) were increased in symptomatic Covid-19 pregnancies vs. controls. The
increased maternal OS/ redox imbalance in pregnant mothers with symptomatic Covid-19 could be associated with

preterm labour.
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INTRODUCTION

The acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is the cause of coronavirus disease
2019 (Covid-19). Advanced age, increased body
mass index (BMI), type 2 diabetes (T2D),
hypertension, and ineffective immune responses are
significant risk factors that contribute to SARS-CoV-
2 cytokine hyper-inflammation [1, 2]. SARS-CoV-2
infection leads to overactive immune responses,
resulting in oxidative stress (OS), excessive
production of reactive oxygen/nitrogen species
(ROS/RNS), reduced antioxidant enzymes, and
disrupted total redox balance [2, 3]. OS damages
tissues and blood components through oxidation of
nucleic acids, proteins, and lipids, mainly
macromolecules involved in the SARS-CoV-2
pathogenesis [2, 4]. Viral infections alter the cellular
structures and function through lipid peroxidation,
resulting in increased ROS/RNS production and
acute metabolic dysfunction [2, 5, 6].

Pregnant women are more susceptible to
respiratory pathogens and severe pneumonia [7].
This is due to the physiological changes in the
respiratory system during pregnancy and increased
oxygen consumption. Physiological diaphragm
elevation leads to restrictions in the lung expansion,
hormonal inducement of edema of upper respiratory
tract mucosa. As the pregnancy progresses, other
changes like closure of small airways and sub-
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sequent reduction of functional residual capacity
(FRC) and expiratory reserve volume (ERV). This
makes pregnant women more sensitive to hypoxia
and generally more susceptible to respiratory
pathogens [8, 9]. Pregnancy is associated with
changes in the functioning of the immune system.
All these facts increase the risk of Covid-19 [8, 9].
Pro-inflammatory cytokines release is inhibited by
hormonal cues in pregnancy, mainly due to high
progesterone level. A Th2-polarization phenomenon
allows for the suppression of dominant cell-
mediated pro-inflammatory Th1 immunity in favour
of a physiological shift to humoral Th2-dominant
immunity. As a result, there is an increase in the
intercellular susceptibility to infection weather
viruses, bacteria and parasites and this can explain
why pregnant women are more vulnerable to viral
infection in comparison to non-pregnant women.
Pregnant women with pneumonia are at high risk for
miscarriage, preterm delivery, premature rupture of
membranes, preeclampsia (PE), foetal distress, low
birth weight (<2500 g), small-for-gestational-age
(SGA) and neonates with low Apgar score [8, 9].
However, increased systemic inflammatory
response, hyper-coagulation, decreased arterial
oxygen saturation, and increased OS are considered
risk factors directly related to poor obstetric
outcomes [8, 9]. Despite the importance of OS for
the proper macromolecule metabolism and for foetal
development, there are only a few studies on the role
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of OS changes in symptomatic Covid-19 in pregnant
women, leading to preterm labour [10, 11].

According to the above, the aim of the present
study was to investigate the effects of CoV-19 during
pregnancy on the oxidative/antioxidant status and to
clarify the crucial role of both factors during
pregnancy and their consequences for the mother
and foetus.

EXPERIMENTAL

The 165 pregnant women were examined after
admission to the Obstetrics and Gynaecology Clinic,
Stara Zagora, Bulgaria, between June 2021- October
2023. The inclusion criteria were: pregnant patients
without previous chronic pathologies, singleton
pregnancy; body mass index 18-30 kg/m?
experienced symptomatic Covid-19 infection with
(PCR (+)) test, from the >30" gestational week
onwards and the control group with Covid-19 and
PCR (—) test, again with singleton and body mass
index 18-30 kg/m?. Exclusion criteria were: chronic
disease with long-term treatment; previous
infectious diseases; body mass index <18 or >30
kg/m?; malnutrition; previous foetal demise. All
symptomatic Covid-19 pregnant patients enrolled in
the study reported severe symptoms (cough (31%),
fever > 38.5 °C (50.6 %); respiratory rate = 20 (9%);
heart rate > 100 bpm (13%); oxygen saturation SpO.
less than 92% (7%)) requiring hospital stay and
antiviral therapy with Ritonavir and Lopinavir.

The study included: 1) Controls (n = 100);
singleton pregnant women, who have not suffered
from Covid-19 and gave birth at term; 2) Covid-19
group (n = 65), singleton pregnant women who
suffered from symptomatic Covid-19 during
pregnancy (>30 gestational weeks). The study was
approved by the Ethics Committee of the University
Multidisciplinary Hospital for Active Treatment “St.
Kirkovich” (referenced 10/816 -12 Oct. 2019).
Serum samples (5 mL) taken from v. cubitalis were
collected during birth and examined up to 2 h, after
3500 rpm centrifugation at 4°C, 15 min.

Serum superoxide dismutase (SOD) and catalase
(CAT) activities were assayed according to the
spectrophotometric methods described earlier [12,
13], at 550 nm and at 240 nm. Protein carbonylation
(PCC; nmol/mg) was evaluated by an immune-
enzyme method using commercially available
ELISA kits (126287/BioVision Inc., USA). ROS
production was examined by a mixture of 900ul
phenyl N-test-butyl nitrone (PBN) (50 mM) in
dimethyl sulfoxide (DMSO) to 100 mL plasma,
centrifuged at 4000 rpm (10 min), at 4°C [14].

The albumin oxidation was evaluated using spin-
conjugation with 10 mM 5-MSL dissolved in saline

(pH=7.4). The mixture was added to 70 mL serum,
and centrifuged at 4000 rpm/10 min, at 4°C [15]. The
ROS formation and albumin oxidation were read in
EPR-Emxmicro spectrometer (Bruker) in triplicate,
in arbitrary units with characteristics: 3505 G
centerfield, 6.42 MW power, 5 G amplitude, 1-5
scans.
Statistical Analysis

The clinical data were analysed using Statistica
(Version 10.0 software, StaSoft, Inc., USA), and
performed using one-way ANOVA. Student's t-test
and Mann—Whitney U test were used to compare the
baseline characteristics between groups. EPR
spectral processing was performed using Win-EPR
and Simfonia software after consecutive replicates
and p<0.05 was considered statistically significant.
The primary analysis was performed on GraphPad
Prism 9 including log-odds (log2) data of the study
components and comparison with birth outcomes.
Only a p-value < 0.05 and absolute changes > 1.5
were considered significant.

RESULTS AND DISCUSSION

SARS-CoV-2 infection causes OS disorder and
metabolic dysfunctions during pregnancy, which is
followed by changes in the condition and
development of the fetus. Respiratory infections,
including Covid-19, are associated with increased
ROS/RNS  production, increased antioxidant
consumption, and a long-term impaired immune
response [7, 8, 16]. Physiologically, Delgado-Roche
and Mesta [16] comment that long-term
accompanied OS plays a critical role in Covid-19
viral  infection. The clinically = measured
haematological and biochemical characteristics of
the symptomatic SARS-CoV-2 pregnant mothers
versus controls are shown in Table 1.

No statistically significant differences were
observed between both groups in age, weight, BMI,
parity, and delivery. Statistically, significant changes
were found in serum Fe (p < 0.01), ferritin (p <
0.001), and CRP (p < 0.001) concentrations with
lower/higher values in the Covid-19 mothers
compared to controls. It should be emphasized that
the serum samples were collected from groups with
no statistical differences between vaginal delivery
and Caesarean section. Therefore, differences from
endogenous OS due to birth outcome are minimized
[8].
The antioxidant SOD and CAT activities showed
a decrease in serum capacity in mothers suffering of
Covid-19 compared to controls; 1.5-fold (p < 0.01)
and 1.7-fold (p < 0.01), respectively (Table 2).
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Table 1. Obstetric and clinical characteristics of healthy controls (n = 100) and pregnant mothers suffering from
symptomatic CoV-19 (n = 65). Significantly different vs. controls, *p < 0.01, Student t-test; *p < 0.001, Student t-test.

Obstetric and clinical characteristics Controls (n=100) Symptomatic CoV-19 (n=65)
Age (years) 31.22+14 2991 +1.88
Body mass index (BMI), kg/m? 28.6 £0.84 27.4+291
Infectious diseases None None
Vaginal delivery (%) 50.2 60.7
Cesarean delivery (%) 50.1 49.9
Hemoglobin (g/L) 12.98 £0.51 12.21+0.6
Hematocrit (%) 36.2+0.77 32.11+ 0.07*
Serum Fe (ng/dL) 96.13 + 11.35 62.33+10.11 *
Ferritin (ng/mL) 273 £11.54 1307 £451.5 **
CRP (mg/dL) 4.34+0.12 183 £13.55 **

Table 2. Antioxidant and oxidative parameters in serum of healthy controls (» = 100) and pregnant mothers suffering
from symptomatic CoV-19 (n = 65). Significantly different vs. controls, *p < 0.01, Student t-test; *p < 0.001, Student t-
test. The primary analysis was performed on log-odds (log2) data of the study components and birth outcomes.

Antioxidant / Oxidative parameters Controls (100) Symptomatic CoV-19 (n=65) | log2 Analysis
SOD (mU/mg) 573+ 091 291+037 * > 1.6 fold
CAT (mU/mg) 81.01+6.12 54.86 + 3.966* > 1.5 fold
Protein carbonyl groups (nmol/mg) 6,711 £0.22 14.53 + 0.54%** > 2.1 fold
ROS production (arb. units) 2.371 £0.51 8.14 £ 0.81** >3.2 fold
5-MSL (-SH/ albumin changes) (arb. units) 4.27 £ 0.012 1.033 £ 0.05** >3.1 fold

As a result of Covid-19 viral infection, an
interplay between mitochondrial ROS/RNS and
endothelial damage leads to vasoconstriction, OS-
enhanced inflammation, and redox imbalance [17].

Placental ROS coupled with OS directly damage
macromolecules, inhibit their versatility and
compromise cellular antioxidant defences. This
exacerbates OS values and OS impairments.
Therefore, in the blood of pregnant females with
symptomatic Covid-19, oxygen desaturation and
improper placental perfusion will activate a redox
imbalance [16, 18-19]. Different studies have
reported increased OS and gestational disorders such
as intrauterine growth retardation, gestational
diabetes, maternal obesity, and preeclampsia [20,
21]. Mando et al., [21] hypothesized that increased
inflammation and OS in the Covid-19-altered
intrauterine environment may alter antioxidant
dynamics, depending on the severity of Covid-19. In
addition, SARS-CoV-2 provokes enzymatic and
redox imbalance even in non-pregnant patients [21].

Berktas et al., [9] comment that lipid peroxides
from the placenta are secreted into the maternal
blood circulation. Placental antioxidant defence
systems (SOD, CAT, GST, and glutathione reductase
(GR)) maintain lipid peroxide levels in normal
pregnancy, while in symptomatic CoV-19
pregnancy, ROS production increases [9, 21]. ROS
production in blood serum is shown in Table 2. The
results show that the ROS production/ residual lipid
peroxidation concentration increased almost 3.1-
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fold (p< 0.001) in the pregnant woman with
symptomatic Covid-19, compared to controls.

Blood serum and placenta are extremely
susceptible to OS, especially when SOD and CAT
metabolism is impaired. As a result, if the unique
immunological response of the pregnant woman
with SARS-CoV-2 does not minimize the ROS
generation and lipid peroxides, this may lead to
improper implantation and restriction of embryo
growth especially when the infection occurs during
the first trimester [21, 22].

Solis-Paredes et al., [23] commented that
oxidation of structural proteins in pregnant women
who developed severe Covid-19 occurs in red blood
cells and  activates  coagulopathic  and
thromboembolic events, due to increased ROS
production. Pregnant women with severe Covid-19
had a 2.1-fold (52%) increase in the levels of
carbonylated proteins (p < 0.001, Table 2). In this
regard, a statistically significant increase in protein
oxidative damage and ROS production in SARS-
CoV-2 pregnant women has been reported in other
studies [23, 24].

Blood albumin is a negative acute-phase reactant,
multifunctional transporter of scavenged ROS, and
promoted vascular permeability in normal labour
[25]; used as a biomarker with significant prognostic
value in severe Covid-19 infection during
pregnancy. We used 5-MSL and by conjugating it to
the weakened SH-albumin regions we used it to
assess the conformational changes (Patent:
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BG/U/2022/5487) occurring upon oxidation in
amyloid albumin aggregates [26]. We observed a
3.1-fold decrease in albumin, i.e. > 69% SH-
disrupted sites, and RSe/ RSOOe< overproduction,
additional initiators of lipid peroxidation, and
characteristic = hypoalbuminemia in Covid-19
pregnant women. In agreement with our results, a
significant association was observed between OS-

decreased albumins during severe Covid-19
infection [25] during pregnancy.
CONCLUSIONS

In the present study, we reported for the first time
that maternal OS imbalance could be associated with
preterm labour, in Bulgarian population. In this
report, maternal OS imbalance was significantly
elevated in pregnant mothers with symptomatic
Covid-19 compared to control group. To our
knowledge, this is the first evidence of the OS
biomarkers expression in symptomatic Covid-19
pregnancy in the Bulgarian population.
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