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Abstract: Risk factors associated with severe—critical COVID-19 (coronavirus disease 2019) are based
on findings in the general population. Pregnant women are at increased risk of severe—critical infec-
tion, and few reports are based on these women. A multicentric case—control study was conducted
at the Mexican Institute of Social Security, State of Mexico, during the COVID-19 pandemic. We
included pregnant women who were consecutively admitted to respiratory care units and were
followed until 30 days after the resolution of pregnancy. A total of 758 pregnant women with a
positive RT-PCR test for SARS-CoV-2 were enrolled from June 2020 to July 2021. We defined groups
using the World Health Organization Severity Classification; cases were pregnant women with
severe—critical COVID-19 (n = 123), and controls were subjects with non-severe COVID-19 (n = 635).
Data was gathered from clinical files. A multivariate logistic regression analysis was used to adjust
odds ratios and their 95% confidence intervals of factors associated with severe—critical COVID-19.
Risk factors associated with severe—critical COVID-19 in pregnancy were non-vaccination (OR 10.18),
blood type other than O (OR 6.29), maternal age > 35 years (OR 5.76), history of chronic hypertension
(OR 5.12), gestational age at infection > 31 weeks (OR 3.28), and multiparity (OR 2.80).

Keywords: COVID-19; SARS-CoV-2; coronavirus infections; pregnancy

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic caused a global health crisis. It is
well recognized that COVID-19 in pregnant women is more frequent due to physiological
changes in the immune and cardiorespiratory systems that increase the susceptibility to
this infection. Pregnant women have a high frequency in the progression of COVID-19
into a severe—critical stage compared to non-pregnant women; in addition, COVID-19 is
generally associated with poor fetal and maternal outcomes [1-5]. Although different in
pathology and transmission, the 2015-2016 Zika virus disease epidemic shares similarities
with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), such as limited
diagnostic techniques, therapeutics, and prognostic uncertainties, and both are associated
with a significant risk of adverse outcomes including intrauterine transmission [6,7].

In non-pregnant subjects, many risk factors have been identified in the progression of
COVID-19 into a severe stage, such as chronic hypertension, diabetes, and obesity, among
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others [2,8-11]. This highlights that individuals with pre-existing comorbidities related to
the imbalance in expressing angiotensin-converting enzyme 2 (ACE2) (which acts as an
entry receptor for SARS-CoV-2) are at high risk of developing severe disease.

Although we have gained experience about the severity, course, and treatment of
disease in patients infected with SARS-CoV-2, there are scarce studies on the risk factors
for severe COVID-19 in pregnancy [12]. The studies have been consistent in that maternal
age (greater than 35 years) and pre-existing comorbidities (mainly chronic hypertension,
pregestational diabetes, and obesity) are associated with severe—critical COVID-19 [3,13,14].
In contrast, some risk factors, such as the trimester in which the disease appeared, parity
or blood group, as well as other specific disorders of pregnancy, such as pre-eclampsia or
gestational diabetes, have been inconsistent [3,13,15].

Therefore, the aim of this study was to identify the risk factors for severe—critical
COVID-19 in Mexican pregnant women during the pandemic caused by this virus.

2. Materials and Methods

A case—control study was performed. Pregnant women with a positive reverse tran-
scription polymerase chain reaction (RT-PCR) test were consecutively admitted to the
medical respiratory units in general hospitals: 71, 72, 194, and 251 of the Mexican Insti-
tute of Social Security in the State of Mexico were included from 1 June 2020 to 31 July
2021. Disease severity was defined according to the World Health Organization Clas-
sification [13]. The cases group was formed by women who developed severe—critical
COVID-19 defined by the following criteria: acute respiratory distress syndrome, sepsis,
septic shock, thrombosis, or other conditions that would normally require life-sustaining
therapies such as mechanical ventilation (invasive or non-invasive), vasopressor therapy, or
oxygen saturation < 92% on room air; severe pneumonia; or signs of severe respiratory dis-
tress such as use of accessory muscles, inability to complete full sentences, and respiratory
rate > 30 breaths per minute. The control group was formed by women with non-severe
COVID-19, defined as the absence of any criteria for severe or critical COVID-19. Women
whose diagnosis was not confirmed by RT-PCR, pregnant minors, those at risk of losing
their autonomy, and those participants with incomplete data were eliminated. All women
and newborns were followed until 30 days after the resolution of pregnancy.

Data were prospectively collected from medical charts. Differences between continu-
ous variables were determined by Student’s t-test for unpaired data or Mann-Whitney U
test for non-normally distributed variables. Differences between categorical variables were
determined using the chi-squared test with Yates” continuity correction or Fisher’s exact test
for small samples. The association between the clinical and demographic variables reported
as risk factors and the occurrence of severe—critical COVID-19 were determined. Odds ra-
tios (ORs) and 95% confidence intervals (CIs) were calculated. Logistic regression analysis
was used to adjust the ORs for maternal age > 35 years, maternal comorbidities (chronic
hypertension, pregestational diabetes, and obesity), non-vaccination against COVID-19,
maternal blood group, gestational age at infection, multiparity, C-reactive protein, D-dimer,
and neutrophil-to-lymphocyte ratio, because these variables were significantly different
among the groups studied by univariate analysis, as well as considering that this vari-
able may distinctly affect the occurrence of severe—critical COVID-19. A 2-tailed p < 0.05
was considered statistically significant. SPSS version 27 statistical software was used for
data analysis.

The study protocol was approved on 22 May 2020 by the National Committee of
Scientific Research of the Mexican Institute of Social Security with SIRELCIS registry
R-2020-785-067. Written informed consent was obtained from all participants.

3. Results
3.1. General Description of the Population Studied

A total of 1492 pregnant women were attended by the respiratory modules. Seven
hundred and seventy-one (51.7%) had a positive RT-PCR test; among these patients, seven
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did not accept to participate, and six were eliminated due to incomplete medical charts.
Therefore, 758 patients were included in the final analysis; 123 were diagnosed with
severe—critical COVID-19, and 635 women had non-severe COVID-19.

3.1.1. The Demographic and Clinical Characteristics Are Shown in Table 1

There was no difference between groups in terms of days to seek medical attention,
smoking history during pregnancy, vaccine brand, pre-eclampsia, or gestational diabetes.
In contrast, there was a significant difference in maternal age, multiparity, blood group
(except AB), gestational age at infection, pulmonary involvement score on computed
tomography, mechanical ventilation, vaccination, as well as in comorbidities (p < 0.022). It
is important to note that only 170 pregnant women were vaccinated because recruitment
began before the vaccine was approved for use in pregnancy, all of whom were in their
second or third trimester.

Table 1. Demographic and clinical characteristics of pregnant women with and without severe—critical

COVID-19.
Variable Cases Controls p-Value
Severe—Critical Non-Severe
COVID-19 COVID-19
[n =123] [n = 635]
Maternal age, years, median, [IQR] 30 [26-34] 27 [23-31] <0.001 *
Days to seek medical attention, median, [IQR] 3 [2-6] 3 [2-5] NS*
Smoking history during pregnancy, n [%] 6 [4.9] 26 [4.1] NS t
Multiparity, n [%] 73 [59.3] 206 [32.4] <0.001 +
Mother’s blood group
O, n[%] 29 [23.6] 431 [67.9] <0.001 t+
A, n [%] 79 [64.2] 182 [28.7] <0.001 t
B, n [%] 11 [8.9] 14 [2.2] <0.001 t+
AB, n [%] 4[3.3] 8[1.2] NSt
Maternal comorbidities
Chronic Hypertension, n [%] 1219.8] 13[2.1] <0.001 t+
Pregestational Diabetes, n [%] 10[8.1] 15[2.4] 0.002 t
Obesity, n [%] 15 [12.2] 38 [6.0] 0.022 +
Pre-eclampsia, n [%] 26 [21.1] 173 [27.2] NSt
Gestational Diabetes, n [%] 11[9.1] 36 [5.65] NS +
Non-vaccination, n [%] 117 [95.1] 471 [74.2] <0.001 t+
Gestational age at infection, median, [IQR] 33 [27-36] 23 [14-32] <0.00 *
Pulmonary involvement score in computed
tomography
Noninvolvement, n [%] 0[0] 427 [67.2] <0.001
Mild, n [%] 0[0] 80 [12.6] <0.001
Moderate, n [%] 0[0] 128 [20.2] <0.001 £
Severe, n [%] 123 [100] 01[0] <0.001
© Mechanical ventilation, n [%] 32 [26.0] 4[0.63] <0.001 £
©° Vaccination, n [%] 9 [6.5] 161 [25.5] <0.001 +
Vaccine brand
Astra Zeneca, n [%] 3[33.3] 27 [16.7] NSt
Pfizer, n [%] 3[33.3] 93 [57.9] NSt
Sputnik, n [%] 2[22.2] 25 [15.5] NSt
Cansino, n [%] 01[0] 5[3.0] NSt
Sinovac, n [%] 1[11.1] 11[6.7] NSt

A p-value < 0.05 was considered statistically significant. * U Mann-Whitney test, + chi-squared test,  Fisher’s
exact test, ° the four pregnant women in the control group who needed mechanical ventilation had no relation with
COVID-19. °° In vaccination, only 170 pregnant women received two doses because recruitment started before the
vaccine authorization in pregnancy. No serious adverse events associated with vaccine administration occurred.

3.1.2. The Main Clinical Signs and Symptoms and Laboratory Findings Are Shown in
Table 2

No differences were found between groups except for frequency of anosmia and
dysgeusia (p < 0.17). As for laboratory findings, we found differences between groups
in neutrophil-to-lymphocyte ratio, C-reactive protein, and D-dimer serum concentration
(p <0.032).
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Table 2. Main clinical manifestations and laboratory findings at admission in pregnant women with
severe—critical versus non-severe COVID-19.

Variable Cases Controls p-Value
Severe—Critical Non-Severe
COVID-19 COVID-19
[n =123] [n = 635]
Signs and symptoms
Headache, n [%] 89 [72.4] 463 [73.0] NS t
Cough, n [%] 74 [60.2] 355 [55.6] NS t
Odynophagia, n [%] 74 [60.2] 359 [56.4] NSt
Fever, n [%] 71[57.7] 320 [50.39] NS t
Myalgias, n [%] 59 [48.0] 282 [44.5] NS t+
Anosmia, n [%] 1219.8] 124 [19.6] 0.003 +
Dysgeusia, n [%] 10 [8.1] 96 [15.1] 0.017 +
Laboratory findings
Leukocytes, mean + SD 9828 + 3086 8479 + 2357 NS 8§
Neutrophil to lymphocyte ratio, median [IQR] 8.72 [6.8-12.4] 6.35[4.1-9.2] 0.011*
Platelets [ x1000], median [IQR] 151 [111-233] 181 [151-243] NS *
Glucose [mg/dL], median [IQR] 92 [81-124] 81 [67-96] NS *
Creatinine [mg/dL], mean + SD 0.96 £ 0.25 0.61 £0.16 NS §
Lactic dehydrogenase [U/L], median [IQR] 296 [189-533] 209 [160-329] NS *
D-dimer, ng/ml, median [IQR] 1956 [1181-3435] 1216 [518-2418] 0.032*
C-reactive protein, mg/dL, mean + SD 83 +6.8 21 +1.62 0.027 8

Data are presented as count and frequency n [%], mean & SD means standard deviation; IQR, interquartile range.
A p-value p < 0.05 was considered statistically significant. t chi-squared test, § Student’s t-test, * U Mann-Whitney.

3.1.3. Maternal and Perinatal Outcomes Are Reported in Table 3

There were no differences between groups in the frequency of miscarriages or cesarean
sections. All women with severe—critical COVID-19 were admitted to intensive care units,
and only six women in the group of controls. The need for admission to the intensive care
units in the control group was not related to respiratory causes and was not associated
with the severity of COVID-19 (four patients for early postpartum hemorrhage and two
patients for met severity criteria for pre-eclampsia). All maternal deaths in the cases group
were due to COVID-19 complications; in contrast, in the control group, they were due
to postpartum hemorrhage after cesarean section. Interestingly, there were no maternal
deaths in vaccinated pregnant women.

Regarding perinatal outcomes, we found differences between groups in gestational
age at delivery and infant’s birth weight (p < 0.001). Premature delivery was more frequent
in women with severe—critical COVID-19, as well as admission to the neonatal intensive
care unit and perinatal deaths (p < 0.001). There were no differences between groups in the
frequency of newborns below the 10th percentile of weight.

3.1.4. Factors Associated with Severe—Critical COVID-19 during Pregnancy

The associations between risk factors and the occurrence of severe—critical COVID-19
during pregnancy are exhibited in Table 4.

We calculated the crude odds ratios (ORs) and confidence intervals at 95% (CI 95%)
for those variables reported to be consistently associated with severe COVID-19 (maternal
age and maternal comorbidities) and those that showed significant differences in the
univariate analysis. In multivariable logistic regression analysis, variables that remained
as independent risk factors associated with the occurrence of severe—critical COVID-19
during pregnancy correspond to the non-vaccination against COVID-19, maternal blood
group non-O, maternal age > 35 years, gestational age at infection, chronic hypertension,
and multiparity (ORs > 2.80).
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Table 3. Maternal and perinatal outcomes of pregnant women with and without severe—critical

COVID-19.
Variable Cases Controls p-Value
Severe—Critical Non-Severe
COVID-19 COVID-19
[n=123] [n = 635]
Maternal outcomes
Miscarriage, n [%] 3[24] 9[1.4] NSt
Cesarean section, n [%] 105 [85.3] 555 [87.4] NSt
Admission to Intensive Care Unit, n [%] 123 [100] 6[0.95] <0.001
Acute Kidney Injury, n [%] 19 [15.2] 6 [0.95] <0.001
Maternal Deaths ©, n [%] 9[7.31] 2[0.31] <0.001 t
Perinatal Outcomes
Gestational age at delivery, weeks, median [IQR] 36 [32-38] 38 [36-39] <0.001 *
Infant’s birth weight, Kilograms, median [IQR] 2.40 [1.90-2.86] 2.88 [2.45-3.42] <0.001 *
Premature delivery
<28 weeks, n [%] 9 [2.43] 1[0.0] <0.001 t
28 to 34 weeks, n [%] 251[20.3] 17 [2.67] <0.001
>34 to <37 weeks, n [%] 48 [39.0] 295 [46.9] NS t
Admission to Neonatal Intensive Care Unit, n [%] 14 [11.3] 26 [4.0] 0.001 +
Birth weight < 10th percentile, n [%] 9[7.31] 32 [5.0] NS t
Perinatal death, n [%] 12 19.7] 15 [2.4] <0.001
30-day hospital discharge, n [%] 102 [82.9] 604 [95.1] <0.001
Data are reported as median and interquartile range [IQR]; count and percentage, n [%]. A p-value < 0.05 was
considered statistically significant. t chi-squared test, t Fisher’s exact test, * U Mann—-Whitney’s test. © Two
maternal deaths occurred in the control group; they were not related to COVID-19, and they were due to
obstetric hemorrhage.
Table 4. Risk factors associated with the occurrence of severe—critical COVID-19 during pregnancy.
Cases Controls
Variable Severe—Critical Non-Severe Crude OR Adjusted OR
COVID-19 COVID-19 [CI 95%] [CI 95%]
[n =123] [n = 635]
Mother’s blood type, n [%]
o 29 [23.6] 431 [67.9] Reference
A 79 [64.2] 182 [28.7] 6.45 [4.07-10.21] *
B 11 [8.9] 14 [2.2] 11.67 [4.86-28.00] *
AB 4[3.3] 9[1.2] 6.60 [1.91-22.74] *
° Pregestational diabetes, n [%] 10 [8.1] 15 [2.4] 3.64 [1.59-8.30] * NS
° Obesity, n [%] 15[12.2] 38 [6.0] 2.18[1.16-4.10] * NS
Multiparity, n [%] 73 [59.3] 206 [32.4] 3.04 [2.04-4.51]* 2.80[1.71-4.59] *
Gestational age at infection > 31 81 [65.9] 197 [31.0] 428 [2.84-6.45] * 3.28 [2.01-5.36] *
weeks, n [%]
Maternal age > 35 years, n [%] 39 [31.7] 59 [9.2] 4.53[2.84-7.211* 5.76 [3.17-10.48] *
Chronic hypertension, n [%] 12[9.8] 13 [2.1] 5.17 [2.3-11.62] * 5.12[1.83-14.34] *
Mother’s blood group non-O, n [%] 94 [76.4] 205 [32.2] 6.79 [4.34-10.64] * 6.29 [3.73-10.60] *
Non vaccination against COVID-19, 115 [95.1] 471 [74.2] 5.00[2.39-10.47]*  10.18 [4.34-23.86] *

n [o/o]

Data are reported as count and frequency, n [%]. * p-value < 0.05 was considered statistically significant. Adjusted
odds ratios by logistic regression analysis. OR means odds ratio; CI 95%, confidence interval of 95%. ° Pregesta-
tional diabetes and obesity had a significant crude OR in the univariate analysis, but not in the multivariate model.

We present a pre-vaccination analysis in Table 5, which shows that non-O blood group
was the main risk factor for severe—critical COVID-19, followed by maternal age > 35 years,
chronic hypertension, multiparity, and gestational age at infection > 31 weeks’ gestation

(ORs > 2.50).
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Table 5. Risk factors associated with the occurrence of severe—critical COVID-19 during pregnancy in
non-vaccinated women.

Cases Controls
Variable Severe—Critical Non-Severe Crude OR Adjusted OR
COVID-19 COVID-19 [CI95%] [CI95%]
[n =114] [n =472]
Mother’s blood group non-O, n [%] 92 [80.7] 120 [25.4] 12.26 [7.37-20.41] * 9.04 [5.02-16.28] *
Maternal age > 35 years, n [%] 37 [32.5] 39 [8.3] 5.33 [3.20-8.89] * 6.08 [3.13-11.78] *
Chronic hypertension, n [%] 11 [9.6] 11 [2.3] 4.47 [1.88-10.60] * 5.11[1.57-16.61] *
Gestational age at infection > 31 76 [66.7] 135 [28.6] 499 [3.22-7.73] * 3.29 [1.93-5.59] *
weeks, n [%]
Multiparity, n [%] 65 [57.0] 108 [22.9] 4.47 [2.91-6.86] * 2.50 [1.47-4.24] *
© Pregestational diabetes, n [%] 10 [8.8] 12 [2.5] 3.68 [1.55-8.76] * NS
° Obesity, n [%] 15[13.2] 26 [5.5] 2.59 [1.32-5.08] * NS

Data are reported as count and frequency, n [%]. * p-value < 0.05 was considered statistically significant. Adjusted
odds ratios by logistic regression analysis. OR means odds ratio; CI 95%, confidence interval of 95%. ° Pregesta-
tional diabetes and obesity had a significant crude OR in the univariate analysis, but not in the multivariate model.

4. Discussion

In this case—control study, we identified the risk factors for the occurrence of
severe—critical COVID-19 in a large sample of Mexican pregnant women with a SARS-
CoV-2 infection who were admitted to the respiratory units at the Mexican Institute of
Social Security at the State of Mexico. We found that during the pre-vaccination period,
the frequency of severe—critical COVID-19 was 19.5%, which is similar to the previously re-
ported frequency of 20.2% [16,17]. Interestingly, the frequency of developing severe—critical
COVID-19 after vaccination decreased significantly (at 5.2%). Moreover, in the group of
vaccinated pregnant women, there were no cases of maternal death, which is consistent
with the large number of studies that have reported that vaccination prevents the severe
form of disease and deaths caused by COVID-19 [18]. We demonstrated that gestational
age at infection >31 weeks was an independent risk factor for severe—critical COVID-19
(OR 3.28); in this vein, similar results were reported by Kalafat E. et al. (RR 3.64) [19]. In
this regard, we agree with the notion that these results appear to be related to respiratory
limitation due to changes caused by pregnancy rather than immunosuppressive aspects. As
previously reported, we also found that maternal age > 35 years was another independent
risk factor for severe—critical disease (OR 5.76) [13,19-23].

Although few studies have attempted to associate parity with infection and severity
of COVID-19, there is a controversy on this issue [13,20,24]. Our result showed that
multiparity was an independent risk factor (OR 2.80), although this was probably because
multiparity usually occurs in older women with more frequent comorbidities.

In this regard, a history of comorbidities have been reported as risk factors for severity
of COVID-19, including hypertension due to the imbalance between the two major path-
ways of the renin—angiotensin—aldosterone system (RAAS), with ACE2/Ang 1-7 downreg-
ulation and ACE2/Ang Il upregulation. In pregestational diabetes, due to the expression of
ACE2 increased in tissues of the lung, inflammation, insulin resistance, and altered immune
modulation by an increase in pro-inflammatory cytokines, and in the case of obesity also
due to ACE2 overexpression in adipocytes, a pro-inflammatory state, and a reduced lung
capacity, may contribute to this increased risk... However, in our study population, after
multivariate analysis, only a history of chronic hypertension remained as an independent
risk factor (OR 5.12), which is like previous reports [13,16,20,21].

Gestational diabetes is suggested as a risk factor like DM2 associated with overex-
pression of ACE2 in lung tissue and insulin resistance; however, we found no differences
between groups. In relation to pre-eclampsia, endothelial dysfunction may increase the risk
for severe disease as well as hypertension does, but we did not find any difference either;
nonetheless, the incidence of pre-eclampsia was higher in our study population in both
cases (21.1%) and controls (27.2%) compared to the 6-8% in the general population. It has
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been reported that COVID-19 can cause manifestations that mimic pre-eclampsia; this fact
could explain why pre-eclampsia could have been overdiagnosed. In this matter, it has been
previously reported that pre-eclampsia-like syndrome can be adequately differentiated
using pro- and anti-angiogenic markers [2,11,25-27].

In our study, the mother’s blood group of non-O was an independent risk factor
associated with the occurrence of severe—critical COVID-19 during pregnancy (OR 6.29).
Although there are few studies reporting this association in pregnancy, it is controversial
and seems to depend on the population studied. In this vein, studies conducted in countries
where there is great ethnic diversity (white, non-Hispanic black, Latin-American, and
Arabic, among others) did not find differences regarding this issue. In contrast, a study
that was reported on the risk of severe COVID-19 infection was 3.6 times higher in women
with blood group O when they were compared with blood type non-O subjects [21,28,29].
However, our results are consistent with the findings of a recent study, also in Mexican
pregnant women, suggesting that the AB blood group in pregnant women is associated
with an increased risk of severity and mortality in COVID-19 [15]. In this regard, it has
been reported that blood type O is associated with a lower risk of infection because anti-A
and or anti-B antibodies are present in individuals with blood type O and could bind to the
corresponding antigens on the viral envelope and contribute to viral neutralization [30].
The plausible explanation for this fact is that ACE2 has a similarity between 76 and 78% with
the spike (S) protein receptor binding domain of SARS-CoV and SARS-CoV-2, suggesting
that they may share a common receptor. ABO antigens could maximize or minimize the
binding capacity of the spike protein to host cell surface receptors. Viral entry is facilitated
by the interaction of subunit S1 via two domains: S1A, corresponding to the N-terminal
region (which interacts with sialic-acid-containing glycoproteins and glycolipids), and S1B,
corresponding to the receptor binding domain, which binds to ACE2 receptors. Another
mechanism is the lower concentration and biological activity of von Willebrand factor in
subjects with type O blood and longer half-life and higher circulating concentrations of
von Willebrand factor and factor VIII in people with blood types other than O (A, B, or
AB) since it is known that severe COVID-19 infection is associated with a hypercoagulable
state [10,31,32].

Finally, we noted that non-vaccination is an important and independent factor associ-
ated with disease severity after the start of mass vaccination [13]. Specifically, studies in
pregnancy are primarily designed to ensure the safety of the vaccine and to protect both
the mother and the newborn from developing serious diseases [17,21]; therefore, several
studies recommend vaccination, as it is safe and no serious events have been demon-
strated [33,34], which is consistent with our results since in the subgroup of 170 pregnant
women vaccinated we found no serious adverse reactions or complications. Nevertheless,
while governments should seek and encourage mass vaccination of their populations, they
should always respect the principle of autonomy, as we know that there are variables that
can influence the acceptance or not acceptance of vaccination, including education, where
higher levels of education have been reported to be a strong positive predictor of vaccine
acceptance, as well as receiving advice from a gynecologist was reported to be indepen-
dently associated with SARS-CoV-2 vaccine uptake (OR 2.55) [35,36]. Furthermore, no
studies were found that estimated the risk of non-vaccination for severe—critical COVID-19
in pregnancy; our results have shown that this factor is relevant (OR 10.18).

The risk factors identified in our study may be useful for healthcare providers in
identifying pregnant women at increased risk of developing severe—critical COVID-19, for
advising vaccination of women planning or in early pregnancy, as well as for maintain-
ing preventive strategies and seeking medical attention on time to reduce the transmis-
sion and complications of SARS-CoV-2 and other emerging viral pathogens capable of
causing epidemics.

The strengths of our study include a large, well-defined population of women infected
with SARS-CoV-2 who received the same standardized medical protocol, the recruitment
and selection of the population occurred at the diagnostic confirmation (positive RT-PCR)
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Abstract: The COVID-19 pandemic affected the perinatal emotional landscape in Italy, a country that
had high mortality and implemented a strict lockdown during the pandemic. This study explores
the emotions and challenges of pregnant and postpartum women during the pandemic, using Al-
based mixed methods. The study analyzed 1774 women from the national survey COVID-ASSESS:
1136 pregnant and 638 postpartum women. The survey had qualitative questions on emotions
and feelings related to birth, communication with healthcare professionals, media, and peers and
family. We used natural language processing and machine learning to classify emotions, identify
themes, and extract citations from the data. Fear and anxiety replaced joy as dominant emotions
during the pandemic: trust and joy decreased by 49.3% and 36.4%, respectively, while sadness and
fear increased by 52.3% and 49.3%, respectively. The pandemic also induced loneliness, isolation,
frustration, and anger. Women faced challenges related to birth, communication with HCPs, media,
and peers and family. They also used coping strategies such as self-care, news limitation, and trying
to cultivate gratitude and hope. This study provides a comprehensive exploration of the perinatal
emotional landscape of Italian women during the pandemic. The findings underscore the significant
psychological impact of the pandemic and also highlight women’s resilience and coping strategies.

Keywords: COVID-19 and pregnancy; management; prevention

1. Introduction

In the early months of the COVID-19 pandemic, Italy was uniquely positioned as the
first Western nation to be severely impacted by the virus. This period was characterized
by a high degree of uncertainty and fear, as little was known about the infection and its
potential effects. The rapid spread of the epidemic and the ensuing lockdown measures
had a profound impact on the mental health of the population, leading to widespread
psychological distress and increased mental health risks [1,2].

The societal burden of this situation was substantial. The healthcare system, already
strained by the direct effects of the virus [1], faced additional pressure from the increased
demand for mental health services [3]. Moreover, the economic consequences of the
pandemic, including job loss and financial instability, further exacerbated mental health
issues and contributed to a cycle of stress and anxiety [4].

The disruption of healthcare services afforded by the pandemic also included prenatal
and postnatal care [5]. In this context, more vulnerable populations, such as pregnant
and postpartum women, were particularly affected. Pregnant women with COVID-19
infection had an increased mortality rate and other adverse outcomes such as higher rates
of preterm birth and pre-eclampsia [6]. Furthermore, the uncertainty and fear associated
with COVID-19, combined with the isolation and social distancing measures implemented
to control the spread of the virus, created additional stressors that increased the risk of
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developing depression and anxiety symptoms during pregnancy [7-9]. In fact, the perinatal
period, by itself, is characterized by significant physiological and psychological changes and
challenges, which can place women at higher risk for mental health difficulties, including
depression, anxiety, and post-traumatic stress disorder (PTSD) [10-12]. Moreover, the
subjective negative impact of COVID-19 has been associated with more dysfunctional
coping and less emotion-focused coping [13]. The impact of COVID-19 on perinatal mental
health highlights the need for additional support and resources [9,14].

Our previous research, conducted during the initial phase of the COVID-19 lockdown
in Italy, provided preliminary insights into the emotional experiences of pregnant and post-
partum women [15-17]. These studies found that pregnant women experienced significant
psychological distress during the pandemic, including symptoms of depression, anxiety,
and stress. Furthermore, exclusive breastfeeding was found to serve as an independent
protective factor for women’s mental health during the pandemic [17].

However, a more comprehensive analysis of the ongoing nature of the pandemic and
its evolving impact is needed. The present study aims to delve deeper into the emotional
landscape of pregnant and postpartum women during the first months of the pandemic,
focusing on the prevalence of various emotions and the coping strategies employed. Here,
we aim to build upon our previous findings and provide a more nuanced understanding of
the emotional experiences of pregnant and postpartum women during this global crisis.

Understanding these emotional responses and coping mechanisms is crucial for devel-
oping effective interventions to support perinatal mental health during such crises. The
present study aims to contribute to this understanding by examining, through a qualitative
analysis, the emotional experiences and coping strategies of pregnant and postpartum
women in Italy during the COVID-19 pandemic.

2. Materials and Methods
2.1. Survey

COVID-ASSESS is a cross-sectional study based on a survey administered during
the first wave of the COVID-19 pandemic in Italy. The survey was distributed via Ciao-
Lapo, an Italian charity for perinatal health support, using existing networks and support
groups across Italy. Participants self-selected to complete the survey and participation
was voluntary. The survey was launched in March 2020, and data were collected until
May 2020. Each participant gave their explicit consent in an online form before enrol-
ment. The survey was uploaded as an online tool using the Surveymonkey platform
(www.surveymonkey.com) (accessed on 20 September 2023) and comprised the following
sections: (A) socio-demographic information, (B) previous losses, personal and family
history of psychological disorders, (C) birth expectations before and after COVID-19,
(D) concerns regarding pandemic consequences, (E) postpartum health and infant feeding,
(F) perception of media and health professionals” information and communication on
COVID-19, and (G) psychometric evaluation tests. Methodological details, full text from
the survey, and raw data have already been published [18].

This paper presents a secondary analysis of the national survey COVID-ASSESS that
originally included 2448 women, of whom 1307 were pregnant and 1141 postpartum. Par-
ticipants were considered eligible to be included in this post hoc analysis if they answered
at least one of the qualitative questions of the survey. Full text of the survey, a general
description of results, and complete raw data have already been published [18] and are
freely available in an online repository [19].

2.2. Classification of Emotions

We employed the GPT-3.5-turbo (Generative Pre-trained Transformer) model devel-
oped by OpenAl to classify emotions in text without fine-tuning the model specifically for
this task. GPT-3.5 is a state-of-the-art natural language processing model pre-trained on
a large corpus of text data, primarily designed for natural language understanding and
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generation tasks. However, large-scale pre-training allows it to capture a wide range of
linguistic features that can be useful for emotion classification [20,21].

To adapt GPT-3.5 for emotion classification without fine-tuning, we used a zero-shot
learning approach. This method involves formulating the input prompt in a way that
guides the model to provide the desired output, in our case, the emotion(s) associated with
the text. The following steps were followed for emotion classification using GPT-3.5:

1.  Preprocessing: any given input text was preprocessed by removing irrelevant infor-
mation, text was converted to lowercase, words were tokenized, and stop words and
punctuation were removed.

2. Prompt formulation: a prompt was formulated to include the preprocessed input text
and the model was asked to identify the emotion(s) associated with it. The prompt
explicitly listed the eight target emotions (anger, anticipation, joy, trust, fear, surprise,
sadness, and disgust) and the model was instructed to select the most appropriate
one(s). In particular, we used the Google Sheet plugin “GPT for Sheets” by Talarian
(https:/ /gptforwork.com/) (accessed on 20 September 2023), with the following
prompt: “Perform sentiment analysis and input 1 or 0 separated by commas for each
of the following emotions: anger, anticipation, joy, trust, fear, surprise, sadness and
disgust. Example: if all are present1,1,1,1,1,1, 1, 1; if all are absent 0, 0, 0, 0, 0, 0, 0, 0;
if only anger is present 1, 0,0, 0,0, 0, 0, 0, etc...”.

3. Inference: GPT-3.5-turbo generated an output based on its pre-trained knowledge
and the context provided by the prompt for each one of the 1774 rows. The output
was stored as a string of comma-separated binary values in two Google sheet cells,
one for "pre-COVID emotions” and one for “‘post-COVID emotions’.

4.  Post-processing: the Google sheet document was then imported into StataBE 18 (Stat-
aCorp) and the emotion strings were converted into regular fields for each emotion
coded as absent (0) or present (1), both before and after the pandemic.

We also experimented with the more recent GPT-4 model for emotion classification [22].
However, we encountered several challenges with GPT-4. First, it was more costly to run
than GPT-3.5-turbo. For example, it required USD 0.03 per 1 K token, while GPT-3.5-turbo
only required USD 0.002 per 1 K token. Second, it was much slower than GPT-3.5-turbo. For
instance, it took an average of 30 s to process one row of data, while GPT-3.5-turbo took only
3 s. To evaluate the potential benefits of using GPT-4, we performed a sensitivity analysis
on a random sample of 20 rows from our dataset. This analysis showed no significant
difference in the emotion classification accuracy between GPT-3.5-turbo and GPT-4, with a
concordance of 99.4%. Therefore, we decided to use GPT-3.5-turbo for our study due to its
lower cost, faster speed, and comparable performance.

2.3. Classification of Themes

In order to identify and analyze the main themes present within the given text, we em-
ployed the GPT-4 language model, with a natural language processing approach. Analyses
were conducted providing the text of the survey in the platform https:/ /chat.openai.com/
(accessed on 20 September 2023) using GPT-4 as a model. Before input, all sets of answers
were divided into blocks of about 1000 words, and the following steps were taken to
perform the analysis using the Al model:

1.  Tokenization. Tokenization is the process of segmenting the input text into individual
units called tokens, which can be words, phrases, or punctuation marks. This is an
essential pre-processing step in NLP. The GPT model tokenized the text to facilitate
further analysis, as it allowed for easier identification and quantification of the most
recurring words and phrases. This was achieved using the model’s internal tokeniza-
tion algorithms, which have been trained to recognize and separate the constituent
elements of different languages, including Italian.

2. Frequency Analysis. After tokenization, the GPT model conducted a frequency anal-
ysis of the words and phrases in the text. This involved counting the occurrences of
each token and ranking them based on their frequency. This step was crucial for deter-

13



J. Clin. Med. 2023, 12, 6140

mining the prominence and significance of particular words and phrases in the text,
which helped in identifying the main themes. The frequency analysis was performed
by leveraging the model’s internal algorithms for counting and ranking tokens.

3.  Semantic Analysis. In order to group related words and phrases into overarching
themes, the GPT model performed semantic analysis. This involved leveraging its
pretrained knowledge of language and understanding of semantics to identify words
and phrases with similar meanings or connotations. The model used its internal
algorithms to analyze the relationships between tokens, taking into account their
context and meaning, and grouped them into themes that represented the broader
concepts present in the text.

4. Scoring. The GPT model assigned a score to each theme based on the frequency of the
words and phrases within the theme. Once the text was analyzed to identify words
and phrases that were indicative of the themes in question, words were counted, and
the proportion of words associated with each theme was calculated as a percentage of
the total number of words in the text. This percentage was then mapped to a scale
of 0 to 10, where a score of 0 represented no presence of the theme in the text, and a
score of 10 represented extremely high prominence of the theme. This scoring system
allowed for a relative comparison of the prominence of different themes within the
text, based on the frequency and distribution of indicative words and phrases.

5. Textual Citations. To provide evidence for each identified theme, the GPT model
extracted relevant textual citations in Italian from the original text. This process
involved identifying sentences or phrases that exemplified the main ideas of each
theme while ensuring that the citations were representative of the broader context
in which the theme appeared. The model leveraged its understanding of language
and context to select appropriate citations that effectively illustrated the themes and
their significance within the text. Citations were manually checked for accuracy and
translated into English by the authors.

2.4. Thematic Map

A thematic map was created with the software Xmind (v22.11 Xmind LTD) based
on four factors: the frequency of themes, the connections between themes identified by
GPT-4 and explained in the Section 4, the connections underlined by literature, and the
researchers’ experience in qualitative data analysis.

3. Results
3.1. Characteristics of the Sample

The study sample consisted of 1774 women, of whom 1136 (64.0%) were pregnant
and 638 (36.0%) were postpartum women. The mean age of the sample was 33.6 years
(SD = 4.8), and the majority of the women had a high level of education (45.3% had a
first stage of tertiary education and 16.2% had a second stage of tertiary education). The
pregnant women were distributed across the three trimesters of pregnancy, with 47.9%
in the third trimester, 42.2% in the second trimester, and 9.9% in the first trimester. The
postpartum women had babies with a mean age of 2.7 months (SD = 1.8), ranging from less
than 1.4 months to more than 4 months. Most of the women were multigravidae (64.2%),
and 38.0% had a history of previous pregnancy loss. Nearly half of the women (44.5%)
reported having a psychopathological history, and the majority of them (51.1%) had no
other children. No significant difference in baseline characteristics was present between
pregnant and postpartum women. More detailed information is available in Table 1.

3.2. Emotions Related to Birth

Figure 1 shows that the pandemic had a significant impact on the birth-related emo-
tions of pregnant women. Before the pandemic, the most common emotions were trust
(875 women), anticipation (735 women), and joy (703 women). During the pandemic, the
most common emotions were sadness (760 people), fear (696 people), and anticipation
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(449 women) (Figure 1A). In particular, the emotions that decreased the most were trust
(—49.3%) and joy (—36.4%), while the emotions that increased the most were sadness
(+52.3%) and fear (+49.3%) (Figure 1B).

Table 1. General characteristics of the sample.

Group
Pregnant Postpartum X2 p
No. % No. Y% No. %
Age classes
18-25 15 1.3% 8 1.3% 23 1.3% 3.075 0.380
25-30 157 13.8% 74 11.6% 231 13.0%
30-35 436 38.4% 268 42.0% 704 39.7%
>35 528 46.5% 288 45.1% 816 46.0%
Level of education
Lower secondary education 38 3.4% 25 4.0% 63 3.5% 5.884 0.436
Upper secondary education 291 25.6% 180 28.2% 471 26.6%
Post-secondary non-tertiary education 289 25.4% 148 23.2% 437 24.6%
First stage of tertiary education 322 28.3% 194 30.4% 516 29.1%
Second stage of tertiary education 196 17.3% 91 14.3% 287 16.2%
Trimester (pregnant only)
First 113 9.9%
Second 479 42.2%
Third 544 47.9%
Baby age (months, postpartum only)
<14 243 38.1%
1.5-3.9 194 30.4%
>4 201 31.5%
Number of previous pregnancies
Multigravidae 745 65.6% 394 61.8% 1139 64.2% 2.602 0.107
First pregnancy 391 34.4% 244 38.2% 635 35.8%
Personal history
Psychopathological history 499 43.9% 291 45.6% 790 44.5% 0.470 0.493
Other children (n)
0 565 49.7% 341 53.4% 906 51.1% 3.493 0.322
1 500 44.0% 252 39.5% 752 42.4%
2 56 4.9% 36 5.6% 92 5.2%
>2 15 1.3% 9 1.4% 24 1.4%
Previous pregnancy loss
No previous loss 692 60.9% 407 63.8% 1099 62.0% 1.435 0.231
Previous loss 444 39.1% 231 36.2% 675 38.0%

The main concepts expressed by women regarding birth before and during the pan-
demic are graphically depicted in Figure 2 as word clouds. The most frequent words and
relative weights used to create the word clouds are reported in Supplementary Table S1.



J. Clin. Med. 2023, 12, 6140
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Figure 1. Changes in emotions before and during the pandemic. (A) shows women’s emotions before
and during the pandemic. (B) shows how emotions changed in percentage during the pandemic as
compared to before it.
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Figure 2. Word clouds of women'’s emotions before and during the pandemic.

3.3. Communication

The blocks of texts analyzed consisted of (a) 5434 words from phrases describing
women'’s experiences with healthcare professionals’ communication, (b) 3828 words from
phrases describing women’s experiences with media communication, and (c) 3767 words
from phrases describing women’s experiences with peers (family, friends, colleagues, etc.)
during the acute phase of the pandemic. We also included a big block of 46,542 words,
derived from the open-ended questions in which responders could write any reflection

they wanted, without specific guidance.

A total of 59,571 words, corresponding to 341,964 characters, were analyzed. Based on
the repetition of words and concepts, the themes were automatically graded by the Al on a
scale from 0 to 10, with higher scores indicating greater recurrence within the text. Quotes
have been provided as examples of words and phrases suggesting each theme.

A thematic map showing the synthesis of the relationships between the main themes

found is shown in Figure 3.
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Figure 3. Thematic map of the main emerging themes.
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3.3.1. HCPs and Communication

Five themes have emerged as prominent aspects of the communication between

healthcare professionals and the public during the acute phase of the pandemic:

1.

Fear and Anxiety (Score 8/10). Fear and anxiety were the most common emotions
expressed throughout the text. Women reported feeling scared, uncertain, and pan-
icked due to the pandemic and the information provided by healthcare professionals.
This theme was prevalent across all the text. Examples of words used include the

v v V7T v v

following: “fear”, “anxiety”, “panic”, “worry”, “apprehension”, “tension”, “dread”,
“terror”, “anguish”, and “insecurity”.

Uncertainty and Confusion (Score 7/10). Many respondents described the communi-
cation from healthcare professionals as unclear, contradictory, or insufficient, leading
to feelings of confusion and uncertainty. This theme was consistently present in the

voou

text. Examples of words used include the following: “uncertainty”, “confusion”,
“disorientation”, “doubt”, “insecurity”, “vagueness”, “ambiguity”, “disinformation”,
“hesitation”, and “contradictions”.

Emotional Support and Reassurance (Score 6/10). Some respondents mentioned the
importance of emotional support and reassurance provided by healthcare profession-
als. Women reported that clear, direct, comforting and empathetic communication
from their HCPs helped foster a sense of hope, even in the face of uncertainty and
fear. Seeking support from HCPs was used as a coping strategy that enabled women
to focus on the positive aspects of their care. Examples of terms used include the

”ou v 7 7

following: “emotional support”, “reassurance”, “comfort”, “calmness”, “serenity”,
“hope”, “encouragement”, “understanding”, “empathy”, and “positivity”.
Professionalism and Competence (Score 5/10). Several individuals highlighted the
professionalism and competence of healthcare workers during the pandemic. This
theme recurred across the text, emphasizing the importance of skilled professionals in
handling the crisis. Examples of words used include the following: “professionalism”,
“competence”, “expertise”, “prepared”, “dedication”, “commitment”, “excellence”,
“skilled”, “efficient”, “focused”, and “humanity”.

Distance and Detachment (Score 4/10). The text also reflected a sense of distance and
detachment, both in terms of the physical limitations imposed by the pandemic and
the emotional disconnection experienced by some women in their interactions with
healthcare professionals. Examples of terms used include the following: “distance”,

“detachment”, “isolation”, “separation”, “limited contact”, “disconnection”, “remote”,
and “no feeling”.

3.3.2. Media and Communication

Four main themes were identified describing the communication by the media during

the acute phase of the pandemic:

1.

Fear and Anxiety (Score: 10/10). The most prominent theme in the text is the sense
of panic and anxiety induced by media communication during the pandemic. Re-
spondents frequently mentioned feeling overwhelmed by the constant bombardment
of alarming and sensationalist news. They reported feelings of fear, unease, and
insecurity, which negatively impacted their mental health and well-being. Examples
of words used include the following: “panic”, “anxiety”, “terror”, “fear”, “insecurity”,
“overwhelmed”, “alarming”, and “sensationalist news”.

Confusion and Contradictions (Score: 8/10). Another significant theme is the confu-
sion and contradictions in the media’s messaging. Participants expressed frustration
with the lack of clarity and consistency in the information provided, which led to
uncertainty and doubt about the situation. Examples of terms used include the fol-

lowing: “confusion”, “contradictions”, “inconsistencies”, “mixed messages”, “unclear
A 4 "

guidance”, “ambiguity”, “discrepancies”, “misinformation”, “divergent opinions”,
and “lack of clarity”.
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Sensationalism and Alarmism (Score: 7/10). Many respondents criticized the me-
dia’s sensationalist and alarmist approach, which exacerbated feelings of panic and
anxiety. They accused the media of exaggerating the situation, focusing on negative
aspects, and employing a fear-based narrative to capture attention. Many women
perceive a disproportionate emphasis on extreme cases, dire projections, and tragic
stories while neglecting to provide context or balance with more positive or hopeful
information. Such reporting practices were perceived as profit-driven, prioritizing
viewer engagement and clickbait headlines over accurate and responsible journalism.
As a coping strategy, women tried to limit exposure to distressing news, seeking out
positive news stories. Examples of terms used include the following: “sensational-

v v /i v

ism”, “alarmism”, “exaggeration”, “hype”, “fearmongering”, “over-dramatization”,

“catastrophizing”, “scaremongering”, “apocalyptic language”, and “inflated claims”.
Misinformation and Inaccuracy (Score: 6/10). The final theme we identified is
the prevalence of misinformation and inaccuracy in media reporting. Participants
mentioned issues with fake news, untrustworthy sources, and imprecise information
that contributed to a chaotic and disorienting information landscape. Examples of

77

terms used include the following: “misinformation”, “inaccuracy”, “false claims”,

Z/Ti 77

“unverified reports”, “disinformation”, “rumors”, “distorted facts”, “misleading

statements”, “unreliable sources”, and “fabricated stories”.

3.3.3. Peers and Communication

Five main themes were identified describing repsondents” communication with peers

(family, relatives, friends, colleagues) during the acute phase of the pandemic:

1.

Remote Communication (Score: 8.5/10). The most recurrent theme was the reliance
on remote communication methods, including phone calls, video calls, and messaging
apps, as face-to-face interactions were limited. Participants often mentioned using
these technologies to maintain social connections and exchange support during the
pandemic. Examples of terms used include the following: “video calls”, “phone calls”,
“messaging apps”, “online platforms”, “virtual meetings”, “text messages”, “social
media”, and “email”.

Adaptation and Coping Strategies (Score: 7.5/10). Adjusting to the new normal
and coping strategies emerged as a main theme in participants’ descriptions of their
experiences during the pandemic. Among the most cited strategies were seeking emo-
tional support from family, friends, and colleagues, as well as engaging in activities to
distract from stress and uncertainty. Virtual connections through video calls and social
media proved invaluable for maintaining relationships and alleviating feelings of
isolation. Additionally, adopting positive mindsets, focusing on self-care, and staying
informed were recurring coping techniques. Examples of terms used include the

Z7i VZ7i Va7

following: “adaptation”, “modifying”, “coping”, “reinventing”, “emotional support”,
“distraction”, “virtual connection”, “positivity”, and “helping others”.

Emotional Support (Score: 7/10). Participants frequently discussed the importance
of providing and receiving emotional support during this challenging period. Shar-
ing feelings, thoughts, and concerns with their peers was a way to alleviate stress
and anxiety related to the pandemic. Examples of terms used include the follow-
ing: “empathy”, “comfort”, “reassurance”, “kindness”, “encouragement”, “caring”,
“understanding”, “compassion”, “love”, and “listening”.

Information Sharing (Score: 6/10). Another significant theme was the exchange
of information about the pandemic, such as updates on restrictions, health guide-
lines, and the availability of essential resources. Participants often highlighted how
sharing information with their peers helped them stay informed and cope with the
rapidly changing situation. Examples of words used include the following: “up-

VZaTi Va7 v

dates”, “news”, “facts”, “details”, “guidelines”, “recommendations”, “protocols”,

77

“procedures”, “instructions”, and “advice”.
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5. Adaptation to the New Normal (Score: 5.5/10). Participants also mentioned adjust-
ing to the new normal, as the pandemic forced them to modify their communication
habits and routines. This theme covered the adoption of new technologies, the
struggle to maintain relationships, and the development of new ways of socializing.

i

Examples of words used include the following: “adjusting”, “adapting”, “modify-
ing”, “flexibility”, “changing”, “coping”, “reinventing”, “reshaping”, “reimagining”,
and “transforming”.

6.  Fear and Anxiety (Score: 5.5./10). Although less prevalent than in the other sections,
the theme of fear and anxiety is also present in the Peers section, particularly related
to the risk of infection from social interactions. Women expressed concerns about
their peers’ and family members” adherence to safety guidelines, which might expose
them and their children to the virus. Examples of words used include the following:

7

“scared”, “worried”, “anxious”, “stressed”, “concerned”, and “nervous”.

3.3.4. Open-Ended Questions
Four main themes were further identified from the open-ended questions:

1.  Fear and anxiety (Score: 9/10). Again, this theme was the most prominent in the
text, as many women express their fear and anxiety about various aspects of their
situation, such as getting infected, losing their loved ones, being alone during labor,
facing economic difficulties, and not knowing when the pandemic will end. Some
examples of textual quotations include “I think about suicide rather than going to the
hospital and risking contracting COVID”, “I'm afraid I won’t be able to protect my
little one”, “I'm scared because my childbirth would take place in less than 2 months
and here we are talking about a virus that we don’t know much about”, and “I'm
afraid that life will never go back to how it was before”.

2. Loneliness and isolation (Score: 8/10). This theme is also very frequent in the text,
as many women miss the lack of social contact and support from their family and
friends, especially during a delicate moment like pregnancy or breastfeeding. Some
examples of textual quotations include “I feel emotionally alone, I have no one, apart
from my partner, with whom to share anxieties, fears, but also joys and progress”, “I
miss my family and I'm sorry that they are losing the first months of my baby”, and
“I miss being able to see my parents and take my son to the park”.

3.  Gratitude and hope (Score: 6/10). This theme is less frequent but still present in the
text, as some women express their gratitude and hope for their situation, such as
having a healthy baby or a supportive partner, or express hope for the future. Some
examples of textual quotations include “I feel lucky because, unlike other colleagues, I
can stay at home and not risk it”, “I'm grateful to have a baby that makes us happy, me
and my husband, and fills our little house with love”, and “I hope that at least some
women will understand how sick the world is because of globalization/pollution, too
much work and how important it is to have friends and family”.

4.  Disappointment and sadness (Score: 5/10). This theme is also present in the text, as
some women express their disappointment and sadness at not being able to live their
pregnancy or breastfeeding as they had imagined or planned due to the restrictions
and limitations imposed by the pandemic. Some examples of textual quotations
include “I wish I could live this pregnancy differently....especially sharing it closely
with all the women who are important to me”, “I'm sad because no relative has been
able to meet my son”, “The fear takes away from me the enthusiasm of pregnancy”,
and “I miss being able to go swimming and go out with my family”.
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4. Discussion
4.1. Emotions Regarding Childbirth

In the context of emotions related to birth, the themes of trust, joy, sadness, and fear are
particularly salient. These emotions are not isolated but are interconnected and influenced
by various factors, including the communication and support received from healthcare
professionals, media, and peers.

In particular, the findings of this study are in line with those of our preliminary
research conducted in a sample of 200 pregnant women during the very first phase of
COVID-19 lockdown in Italy in April 2020 [15]. In particular, with this further analysis,
conducted on a sample more than five times larger, we can confirm that ‘joy” was the most
prevalent emotion expressed before COVID-19, while fear was the most prevalent during
the acute phase of the COVID-19 pandemic. During the pandemic, the joy associated with
the anticipation of birth and motherhood was overshadowed by fear and uncertainty. This
shift in emotional landscape underscores the profound impact of external factors, such as a
global health crisis, on the emotional well-being of pregnant women. As mentioned before,
this resonates with the increased risk of having a maternal and neonatal adverse outcome
with a SARS-CoV-2 infection [23]. Furthermore, other findings of literature underlined that
unexpected complications during childbirth, including those brought about by external
circumstances, can lead to negative emotions and a sense of grief [24,25].

The negative effects of the pandemic on the emotions and expectations of pregnant
women in Italy also lasted beyond the first lockdown phase. These findings are consistent
with a study by Smorti et al. (2022), which found that the COVID-19 social restrictions
increased the risk of depression in Italian women with low-risk pregnancy compared to
the previous period [26]. This study also found that women with high-risk pregnancy used
hospitalization “as a resource to find a social support network with other pregnant women
and to be reassured on the clinical ongoing of pregnancy” [26].

4.2. Communication and Open-Ended Questions: The Main EMERGING Themes

Fear and anxiety were prominent emotions expressed by women. Women felt con-
cerned about the potential risk of infection during hospital visits, about the safety of their
unborn or newborn children (fear of losing loved ones), and about being alone during
childbirth. Moreover, a study conducted by Azoulay et al. (2021) reported high levels
of anxiety among healthcare providers, driven by fear of infection and the pressure of
managing the COVID-19 surge [27]. This shared anxiety could potentially impact the
communication between HCPs and patients, further exacerbating the patients” emotions.
When discussing the media, women expressed fear and anxiety stemming from the over-
whelming amount of information, often contradictory and inaccurate, about the virus. This
situation could be considered an infodemic characterized by uncertainty and confusion
due to misinformation and inaccuracy as well as alarmism and sensationalism [28] during
a disease outbreak. This is consistent with the literature, which suggests that the spread of
information about COVID-19 through social media platforms has created fears that may
not be entirely justified [29]. Moreover, infodemics lead to mistrust in HCPs and undermine
the public health response. Regarding peers and family, fear and anxiety were also present,
often related to the potential risk of infection from social interactions and to the possibility
of being alone during labor and childbirth. In this sense, this theme shows a connection
with the theme of loneliness and isolation.

Uncertainty and confusion were often present in the context of HCPs, tied to the
rapidly evolving nature of the pandemic and the subsequent changes in healthcare proto-
cols. This was further exacerbated by the fact that the scientific understanding of COVID-19
was a work in progress leading to repeated changes in guidelines and recommendations,
often accompanied by contradictory messages and overwhelming information. This aligns
with the paper of Koffman et al. (2020), who noted that uncertainty became a constant
presence in daily patients” and HCPs’ lives [30]. In such a situation, women may have
felt without a guide (unclear guidance) during the pathway of pregnancy and childbirth.
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When it came to the media, women in our study reported feeling overwhelmed by the
constant stream of conflicting information (infodemic) about COVID-19. Our results align
with the findings of Ruiu (2020), who noted that a lack of coordination between political
and scientific levels, and between institutional claim-makers and the media, contributed to
a sense of mismanagement during the early phases of the COVID-19 outbreak in Italy [31].
In terms of peers and family, as mentioned above, women expressed concern about the
safety of social interactions and the potential risk of COVID-19 transmission. These feelings
could be affected by the conflicting information during the first phase of the pandemic
given by the media. The themes of uncertainty and confusion, linked to the misinformation
and inaccuracy themes, were prominent in the experiences of the pregnant and postpartum
women in our study, affecting their interactions with HCPs, media, and peers and family.
This underscores the need for clear, consistent, and empathetic communication during
times of crisis, as well as the importance of providing psychological support.

Regarding women'’s relationship with HCPs, competence and reassurance (expressed
in the themes of emotional support and reassurance and professionalism and competence)
were strongly linked to each other. Pregnant and postpartum women emphasized the
importance of skilled and knowledgeable HCPs who are able to give clear and comforting
information about COVID-19. These themes could be linked to trust or mistrust towards
HCPs and the healthcare system in general. As mentioned above, mistrust also involves
the media due to sensationalism and alarmism, which lead to a climate of uncertainty
(uncertainty and confusion). Regarding peers and family, sharing information through
remote communication technologies helped mothers cope with the situation, which rapidly
changed. In this sense, social networks helped women to alleviate stress.

The theme of hope and optimism also emerged as a significant aspect of the emo-
tional landscape in our survey. Regarding communication with HCPs, hope and optimism
were often associated with clear and empathetic communication. Dimino et al. (2020)
highlighted the importance of the HCPs’ positive psychological state (the so-called Psy-
Cap) characterized by hope, efficacy, resilience, and optimism to guarantee high-quality,
evidence-based patient care during the COVID-19 pandemic [32]. They also emphasized
the role of nurse leaders in fostering PsyCap in their staff. Finally, sharing experiences, ad-
vice, and emotional support with peers and family helped women navigate their emotional
responses to the pandemic.

Disappointment and sadness emerged as themes in the open-ended questions sec-
tion. Women suffered from not being able to experience pregnancy and breastfeeding
as they imagined; HCPs should take into account such feelings due to the impact of a
mismatch between expectations and experiences of pregnancy on mothers” psychological
well-being [33]. These findings confirm the role of the pandemic in worsening mothers’
mental health.

Loneliness and isolation emerged as significant themes in the experiences of pregnant
and postpartum women during the COVID-19 pandemic. These feelings were reported in
relation to their interactions with healthcare providers (HCPs), media, and peers and family.
In the context of communication with HCPs, women reported feelings of isolation due to the
necessary safety measures, such as social distancing and limited face-to-face consultations.
This isolation was exacerbated by the lack of physical support systems, such as the presence
of a partner or family member during prenatal visits or childbirth. These results are in line
with those of Xiang et al. (2020), who noted that patients in quarantine might experience
boredom, loneliness, and anger [34]. The media, while providing necessary information,
may have contributed to feelings of loneliness and isolation. The constant flow of news
about the pandemic, often focusing on the number of cases and deaths, could be linked to
a sense of being alone. Moreover, social isolation could be the catalyst for mental health
disorders, even in people without a history of psychiatric diseases [35]. These findings
underlined the pivotal role of adequate psychological support for mothers during health
crises. Finally, for some women, communication with peers and family could be a source
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of loneliness and isolation if the adaptation to the new normal communication strategies
was not achieved.

Finally, the theme of coping strategies is a crucial aspect of the emotional response to
the COVID-19 pandemic. Women in our study reported some strategies to manage the
emotional toll of the pandemic, as reflected in their interactions with HCPs, media, and
peers and family. Women reported using strategies such as seeking support from their
HCPs, limiting exposure to distressing news, seeking out positive news stories, and using
social media to connect with others. In their communication with peers and family, women
reported the adoption of new technologies as a strategy to maintain social connections
and to share information with peers and family, which was a helpful strategy to cope with
the rapidly changing situation. This is consistent with the findings of Brooks et al. (2020),
who noted the importance of maintaining social connections and engaging in self-care
activities during periods of quarantine [36]. Moreover, hope and optimism towards aspects
such as a healthy baby or a supportive partner seemed to be linked to a more optimistic
outlook on the situation (positive mindset). Dispositional optimism is a significant source
of coping [37] and, in this sense, further research should deepen the strategies to improve
such a characteristic.

Present findings provide a deeper understanding of the complex emotional experi-
ences of pregnant women during the acute phase of the COVID-19 pandemic. The themes
of trust, joy, sadness, and fear offer valuable insights into the emotional landscape of these
women, highlighting the significant impact of external factors on their emotional well-being.
The role of HCPs, media, and peers in shaping these emotions underscores the importance
of effective communication and support in enhancing the emotional well-being of pregnant
women.

4.3. Strengths and Limitations

This study used natural language processing and machine learning methods to clas-
sify emotions, identify themes, and extract textual citations from a large national survey
database. This approach has some advantages over human coding, such as speed, scala-
bility, and consistency. Al-based coding can process large amounts of data in a relatively
short time, handle complex and diverse tasks, and avoid human errors and biases [38].

However, Al-based coding also has some limitations compared to human coding, such
as accuracy, interpretability, and creativity. The GPT-3.5 zero-shot learning Al-based coding
used here may not yield results as accurate as a fine-tuned model or a model specifically
designed for the task. It may also be difficult to explain how the Al model arrived at
its results or to verify its validity. Moreover, Al-based coding lacks the human ability
to generate novel and original insights from the data or to capture subtle nuances and
contextual factors that influence human emotions and behaviors [39,40].

All these limitations notwithstanding, Al-automated classification of pre-COVID and
post-COVID emotions in the full sample of the COVID-ASSESS survey, reported in this
manuscript, is very consistent with the human-performed preliminary evaluation on the
first 200 women answering the survey in April 2022 [15], suggesting satisfactory agreement
between the two techniques.

5. Conclusions

The results of our research offer a comprehensive exploration of the emotional ex-
periences and coping mechanisms of pregnant and postpartum women in Italy during
the initial months of the COVID-19 pandemic. Our findings underscore the significant
shift in the emotional landscape induced by the pandemic. Fear and anxiety emerged
as dominant emotions, driven by concerns about personal health, the wellbeing of their
unborn or newborn child, and the uncertainty surrounding the ongoing global crisis. This
highlights the profound psychological impact of the pandemic on this specific group of
people, emphasizing the need for targeted mental health support.
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Crucially, our study also underscores the importance of communication during
such crises. The pandemic exacerbated fear and anxiety, with misinformation and fear-
mongering sometimes present in media and social networks. On the other hand, we also
found that positive, supportive communication from healthcare professionals, family, and
peers played a crucial role in promoting women’s psychological wellbeing.

Reflecting on these findings, it is clear that the COVID-19 pandemic had a profound
impact on the emotional experiences of pregnant and postpartum women. As we move
forward from this global crisis, it remains crucial to prioritize the mental health of women
and provide them with the necessary resources and support. Our research contributes to
the discourse on mental health during significant public health crises, particularly during
pregnancy and postpartum. We hope that it will inform the development of effective
strategies to protect and support such important members of the population in future
challenging circumstances.
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Abstract: The impact of SARS-CoV-2 variants on maternal and neonatal outcomes during pregnancy
is still poorly understood, and the emergence of different variants has further complicated our under-
standing of the virus’s effects. This retrospective, monocentric study aimed to fill this knowledge
gap by analyzing the outcomes of pregnant women with acute SARS-CoV-2 infection caused by the
Alpha, Delta, and Omicron variants. The study, conducted between December 2020 and March 2022
at San Marco Hospital, included 313 pregnant women with confirmed SARS-CoV-2 infection. The
results showed that the Delta variant was associated with a significantly higher incidence of adverse
outcomes, such as premature births, maternal intensive care unit admission, intrauterine growth
restriction, and small for gestational age infants. Additionally, the Delta variant was linked to lower
Apgar scores, higher maternal and fetal mortality rates, and increased levels of various biomarkers
indicating more severe illness. Finally, the Delta variant also presented a greater possibility of vertical
transmission. These findings underscore the complexity of understanding the impact of SARS-CoV-2
on pregnancy outcomes, especially considering the distinctive characteristics of different variants.
By better understanding the specific impacts of each variant, appropriate preventive measures and
management strategies can be implemented to optimize maternal and neonatal outcomes.

Keywords: SARS-CoV-2; COVID-19; maternal outcomes; neonatal outcomes; infection

1. Introduction

The SARS-CoV-2 pandemic began in China’s Hubei province in December 2019,
raising global health concerns due to the ease of transmission [1]. Pregnant women who
contract the infection have a greater risk than non-pregnant ones of developing more severe
complications, being hospitalized in the intensive care unit (ICU), and requiring mechanical
ventilation [2]. They are also more likely to develop pregnancy-specific complications, such
as pre-eclampsia, a premature rupture of membranes, and preterm labor [3,4]. Regarding
neonatal outcomes, there was no evidence of teratogenicity of the virus when contracted in
the embryonic period and no increase in the number of miscarriages was found [5]. In most
cases, the virus was not transmitted vertically via the placenta; although a small percentage
of placental swabs resulted positive and IgG against the viral spike protein was present in
the neonatal blood. This highlights how vertical transmission is possible [6,7]. The Alpha
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variant was identified for the first time in September 2020. Compared to the wild-type
variant, it has a higher transmissibility. It contains 17 mutations in its genome, of which
8 relate to the spike protein, leading to a greater affinity for the ACE2 receptor that the
virus uses to enter cells. Furthermore, the clinical complications are also more serious than
those caused by the wild-type virus [8]. The Delta variant was identified in December 2020
in India. It has a 60% higher transmission than the previous variant due to a mutation
of the spike protein at the furin cleavage site. Furthermore, it has a lower sensitivity to
antibodies produced by the vaccine both in vitro and in vivo [9-11]. Finally, the Omicron
variant was identified in November 2021 in Africa and presents 30 new mutations of the
spike protein with other mutations at the level of non-structural proteins. Transmissibility
has undergone a further increase, but clinical features were less severe than in the previous
variant [8]. Many features of pregnancy infection are still poorly understood; for example,
further complications associated with SARS-CoV2 include gestational diabetes [12]. Thus,
the aim of the study was to analyze the maternal and neonatal outcomes between the main
three SARS-CoV-2 variants in pregnant women.

2. Materials and Methods

This is a retrospective, monocentric cohort study conducted at San Marco Hospital be-
tween December 2020 and March 2022. The study involved unvaccinated pregnant women
with confirmed acute SARS-CoV-2 infection, as determined by positive time quantitative
reverse transcription PCR (qRT-PCR) nasopharyngeal swabs. Female patients with physio-
logic pregnancies and spontaneous conception, with an age between 18 and 44 years old,
were included in the study. Moreover, patients with previous/current history of obstetrics
pathologies (such as preeclampsia and/or gestational diabetes) under control before the
infection, as well as those with physiologic twin pregnancies, were also included in the
analysis. Patients with disease that was not under control were not included, in order to
eliminate any confounding bias. Accordingly, women vaccinated against SARS-CoV-2 and
those with previous or obstetric pathologies that could have altered the significance of the
results, monochorionic monoamniotic twin pregnancies, multiple pregnancies, assisted
reproductive technology (ART) conception, and women under 18 years were excluded due
to their high risk of complications.

Patients with negative qRT-PCR nasopharyngeal swabs at the time of delivery were
excluded if they did not show any signs or symptoms of the disease, because they were
considered and managed as physiologic pregnancies. In total, 313 pregnant women with
proven acute SARS-CoV-2 infection were enrolled. Among them, 104 patients with positive
qRT-PCR nasopharyngeal swabs from December 2020 and May 2021 were included in the
Alpha group, 55 positive ones between July 2021 and December 2021 were included in the
Delta group, and finally, 154 positive patients between January 2022 and March 2022 were
enrolled in the Omicron group.

Personal, obstetric, and biochemical data were obtained from the medical records and
the “Modulab” laboratory management system. The possibility of vertical transmission
was assessed through SARS-CoV-2 RT-PCR placental swabs. For each of the three variant
groups the following items were analyzed: the average age of the patients, the average
number of pregnancies and previous types of births, the average gestational age at the
time of delivery, the percentage of admissions in the II and III trimesters, deliveries in
the II and III trimesters, percentage of the type of delivery, i.e., vaginal delivery (VD)
or cesarean section (CS), percentage of admission to intensive care unit (ICU), maternal
and neonatal death, mean of neonatal weight, mean of Apgar at 1 and 5 min, mean of
the time interval between the diagnosis of SARS-CoV-2 infection and childbirth, an aver-
age of biochemical parameters recorded for the entire period of patients” hospitalization,
i.e., C-reactive protein (CRP), procalcitonin (PCT), interleukin 6 (IL-6), hemoglobin (Hb),
leukocytes with leukocyte formula including neutrophils and lymphocytes, D-dimer, aspar-
tate aminotransferase (AST), and alanine aminotransferase (ALT), percentage of positive
and negative placental swabs.
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Continuous variables were presented as means =+ standard deviations (SD). Categori-
cal variables were summarized as percentages. A p-value of less than 0.05 was established
as the threshold for determining statistical significance.

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of the University of Catania (Code number 01/163 and approval
date of 10 January 2022). Each woman received appropriate counseling about the purpose
of the research and the guarantee of anonymous treatment of personal data, according to
Italian laws guaranteeing privacy, and signed an informed consent form for data collection.

3. Results
3.1. Patient Baseline Characteristics

The average age of the patients was similar in the three groups (Alpha = 31.5 £ 4.7 years
vs. Delta = 31.4 £ 5.1 years vs. Omicron = 31.7 & 4.5 years, p = 0.942), as well as the average
number of previous pregnancies (1.7 (1.0-2.6) vs. 1.6 (0.9-2.4) vs. 1.5 (0.8-2.3), p = 0.729), the
average number of previous miscarriages (0.3 == 0.5 vs. 0.2 = 0.4 vs. 0.3 £ 0.5, p = 0.664), the
type of previous deliveries (74.4% VD and 25.6% CS vs. 73.6% VD and 26.4% CS vs. 72.2%
VD and 25.8% CS, p = 0.978) and the mean time interval between the diagnosis and the time
of delivery (8.5 £ 3.2 days vs. 8.3 £ 3.5 days vs. 8 £ 3.1 days, p = 0.863). Delta variant was
associated with a lower gestational week at the time of delivery (38 & 1.4 vs. 36 & 1.8 vs.
37.7 £ 1.6, p < 0.001) and a higher percentage of deliveries in the II trimester (2% vs. 5.8% vs.
2.4%, p = 0.049). The Alpha group gave birth more frequently by means of CS (61.6%), while
the lowest rate was recorded among women in the Omicron group (32.5%). 46.3% of patients
in the Delta group gave birth by means of CS. Patients’ baseline characteristics are illustrated
in Table 1.

Table 1. Patients’ baseline characteristics.

AIFnhz ?Or;;up De(lrt1a=G5r5(;up Om:::lrznl 5C‘;ll)'oup p-Value
Mean age (years) 31.5+47 314 +5.1 31.7 +45 0.942
Mean previous pregnancies (n) 1.7 (1.0-2.6) 1.6 (0.9-2.4) 1.5 (0.8-2.3) 0.729
Mean previous miscarriages (n) 03+05 02+04 03+05 0.664
Type of previous deliveries (%) VD 74.4,CS 25.6 VD 73.6, CS 26.4 VD 72.2,CS 25.8 0.978
Mean gestation period (weeks) 38+14 36 1.8 37+16 <0.001
Interval Diagnosis-Delivery (days) 85+32 83+35 8§£31 0.863
IT trimester at delivery (%) 2.0 58 24 0.049
III trimester at delivery (%) 98.0 94.2 97.6 0.049
Type of delivery (%) VD 38.4, CS 61.6 VD 53.7, CS 46.3 VD 67.5, CS 32.5 0.003

Abbreviations: %: percentage; CS: cesarean section; Interval Diagnosis—Delivery: mean interval between the
diagnosis of maternal COVID-19 infection and the date of delivery; n: number; VD: vaginal delivery. Continuous
variables are expressed as mean =+ standard deviations (SD) and categorical variables were summarized as
percentages.

3.2. Biochemical Data

The Delta variant was correlated with higher CRP (56.93 4= 20.12 vs. 107.13 & 40.34 vs.
59.51 4 21.46, p < 0.001), PCT (0.20 £ 0.08 vs. 6.47 & 2.51 vs. 0.22 4= 0.09, p < 0.001), IL-6
(30.21 £ 10.13 vs. 339.54 4 100.51 vs. 24.13 £ 9.31, p < 0.001), D-dimer (1257.31 + 401.13
vs. 1594.58 &+ 510.67 vs. 1279.79 £ 412.37, p < 0.001), AST (54 & 15.32 vs. 100 £ 30.13
vs. 59 £+ 16.42, p < 0.001) and ALT (61 £ 17.32 vs. 116 & 33.46 vs. 65 + 18.23, p < 0.001)
levels and lymphocyte rates (15.32% == 4.51 vs. 17.57% =+ 5.12 vs. 15.86% =+ 4.73, p = 0.032)
and lower Hb levels (11.15 & 1.51 vs. 9.79 & 1.85 vs. 11.59 & 1.45, p < 0.001). Leukocyte
levels (10.38 &+ 2.13 vs. 10.89 + 2.34 vs. 10.95 £ 2.28, p = 0.572) and neutrophil rates
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(74.15% =+ 6.31 vs. 79.66% =+ 7.24 vs. 78.55% £ 6.91, p = 0.061) were similar among the three

groups. Biochemical data are displayed in Table 2.

Table 2. Biochemical data and maternal-neonatal outcomes.

Alpha Group

Delta Group

Omicron Group

(n =104) (n = 55) (n =154) p-Value
CRP (mg/L) 56.93 + 20.12 107.13 £ 40.34 59.51 +21.46 <0.001
PCT (ng/mL) 0.20 + 0.08 6.47 +2.51 0.22 +0.09 <0.001
IL-6 (pg/mL) 30.21 +10.13 339.54 4+ 100.51 2413 +£9.31 <0.001
Hb (g/dL) 11.15 £ 1.51 9.79 £ 1.85 11.59 £+ 1.45 <0.001
Leukocytes (n/mm3) 10.38 + 2.13 10.89 + 2.34 10.95 + 2.28 0.572
Neutrophil (%) 74.15 + 6.31 79.66 = 7.24 78.55 + 6.91 0.061
Lymphocyte (%) 15.32 4+ 4.51 17.57 £5.12 15.86 = 4.73 0.032
D-dimer (ng/mL) 1257.31 £ 401.13 1594.58 £ 510.67 1279.79 £ 412.37 0.001
AST (U/L) 54 £15.32 100 + 30.13 59 £ 16.42 <0.001
ALT (U/L) 61 £17.32 116 + 33.46 65 £ 18.23 <0.001
Maternal admission to ICU (n) 0 9 2 0.002
Maternal mortality (%) 0.0 1.8 0.0 0.049
Neonatal weight (grams) 3252 £ 412.32 2533 £ 513.62 3161 £ 402.18 <0.001
Apgar score at 1st min 8.84 £1.13 8.18 £1.41 8.75+1.19 <0.001
Apgar score at 5th min 9.84 £ 0.67 9.26 = 0.88 9.80 £0.71 <0.001
Neonatal mortality (%) 0.0 5.5 0.0 0.001
Vertical transmission (%) 5.0 20.0 7.0 <0.001

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; CRP: C-reactive protein; Hb:
hemoglobin; ICU: intensive care unit; IL-6: interleukin 6; n: number; %; PCT: procalcitonin. Continuous variables
are expressed as mean = standard deviations (SD) and categorical variables were summarized as percentages.

3.3. Maternal and Neonatal Outcomes

Nine Delta women were admitted to the ICU for worsening respiratory symptoms,
while none of the Alpha group and only two Omicron patients were transferred. None of
the women in the Alpha and Omicron groups died, while one Delta woman died. The Delta
variant was most frequently associated with small for gestational age (SGA) newborns
(with an average infant weight of 2533 &+ 513.62 g vs. 3252 &+ 412.32 g of the Alpha group
and 3161 + 402.18 g of the Omicron patients, p < 0.001) and with the lowest 1st minute
and 5th minute Apgar scores (p < 0.001). The only three neonatal deaths were observed
in the Delta group. Finally, this variant was associated with higher placental swab rates
(5% vs. 20% vs. 7%, p < 0.001). Maternal and neonatal outcomes are reported in Table 2.

4. Discussion

The research and discussions prompted globally by the COVID-19 pandemic have
been more extensive than any previous pandemic [13], highlighting an unprecedented
global resonance and deep-rooted anxieties, especially in sensitive fields such as obstetrics.

The present study demonstrates the greater severity of the infection by the SARS-
CoV-2 Delta variant compared with Alpha and Omicron variants in both pregnant women
and newborns.

The Delta variant became the dominant strain in many regions around the world
within a few months of its discovery, signaling its heightened transmissibility compared
to earlier variants. It has been increasingly clear that the Delta variant was not only more
transmissible but potentially more severe, causing higher rates of hospitalization and
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complications in infected individuals, including those who were pregnant with an increase
in adverse maternal and fetal outcomes in pregnancies affected.

The Alpha variant was associated with the highest rate of CS. Nevertheless, this was
probably related to the fact that at the beginning of the pandemic period, there was little
knowledge on how to manage the infected patients and CS was preferred due to worse
obstetric outcomes compared to uninfected women. Subsequently, the number of CS
decreased among the Delta patients, despite worse both maternal and neonatal morbidities.
With the Omicron variant, a further decrease of CS occurred thanks to a better knowledge
of infection.

In order to better understand the data regarding the effect of the infection on the
lab values analyzed, the authors also reviewed the current literature on their physiologic
changes during pregnancy. During pregnancy, CRP values may be physiologically higher
and may be related to the inflammatory processes that support the pregnancy itself, implan-
tation, and the onset of labor. Significantly elevated or permanently elevated values should
be carefully evaluated. In fact, in the middle months of gestation, quiescence of the inflam-
matory state and immune activation is expected. At this stage, high CRP values seem to be
associated with an unfavorable evolution of gestation for both mother and fetus, due to the
increased risk of pre-eclampsia, preterm delivery, and low birth weight of the newborn [14].
PCT is a biological marker of sepsis, septic shock, and severe inflammatory reactions. The
finding of elevated serum PCT values is indicative of an inflammatory response to a sys-
temic bacterial infection. It does not undergo physiological changes during pregnancy [14].
IL-6 is a protein produced by the immune system, involved in the regulation of the immune
response, and its values during pregnancy are considered comparable in this case too [14].
During gestation, physiological dilution anemia can be found, linked to the fact that the
total volume of blood increases by about 1.25 L, due to both the increase in plasma content
and the increase in erythropoiesis in the medulla. However, the erythrocyte mass does not
increase in parallel, and therefore an apparent reduction in Hb levels results. Even follow-
ing both vaginal and cesarean births, hemoglobin may be reduced because of the blood
losses that occur. The women will therefore have hemoglobin values of around 11 g/dl and
hematocrit of around 34% [14]. Throughout pregnancy, leukocytes may reach 11,000/ mm?
in the first weeks and increase up to 20,000/ mm? in the last trimester. However, the values
increase further during labor and can even reach 30,000 leukocytes/mm?. In particular,
the neutrophils undergo the greatest increase because they are the first congenital line of
defense that protects both the fetus and the mother. Conversely, lymphocytes undergo a
physiological reduction, mainly due to hormonal changes and the increase in total body
fluids that occurs during gestation, which leads to hemodilution with a slight decrease in
all blood cells, especially lymphocytes [14]. With reference to D-dimer, it increases its levels
during the first weeks of gestation, continuing even in the postpartum period, regardless
of the type of delivery [15,16]. It can reach values above 4000 ng/mL during pregnancy in
the third trimester [17]. As for the transaminases, the normal values of AST vary between
8 and 48 U/L, while for ALT they range between 7 and 55 U/L. During pregnancy, an
increase in their value could be physiological because of an increase in liver activity, and
hormonal changes could alter their value [14].

The Delta group was associated with worse biochemical changes than the other
two variants. The almost double CRP and much higher IL-6 values indicate that the pro-
inflammatory picture is much more pronounced during the infection with this variant.
PCT values were much higher in this group, underlining how the probability of bacterial
superinfection, which further complicates the clinical picture of patients, is greater for the
Delta variant infection than for Alpha and Omicron. Higher levels of D-dimer could be
correlated with an increased risk of developing thrombotic phenomena. Finally, high AST
and ALT values indicate a greater likelihood that patients infected by the Delta variant
have liver damage. Clinically, the laboratory values do not influence management of
the pregnant patients, but these values could be an expression of a higher general serum
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inflammation, or, from another point of view, of reduced attention of pregnant people to
SARS-CoV-2 infection, which could have determined a more severe Delta variant.

Delta women were associated with worse maternal morbidity and the only maternal
death occurred in this group due to postpartum respiratory failure. A higher rate of neona-
tal morbidity was found in the Delta variant and the three neonatal deaths were all born
prematurely by emergency CS for acute fetal distress: two were born at 28 gestational weeks
weighing 1195 g and 1050 g, respectively, and the third was born at 35 gestational weeks
weighing 1820 g. Finally, the study of placental swabs on both maternal and fetal sides
indicates that the probability of vertical transmission is considerably higher for the Delta
variant than for the other two. Some previous studies confirmed the results of our work.
A retrospective cohort study conducted at the University of Alabama in Birmingham [18]
states that there was a higher incidence of more severe clinical conditions in patients with
the Delta variant, rather than Pre-delta and Omicron, as well as a higher admission rate to
the ICU. In addition, they were more frequently subjected to pharmacological treatments,
ventilatory support, or intubation and had a higher incidence of thromboembolic phenom-
ena. There was also a higher frequency of preterm deliveries, emergency CS due to the
worsening of maternal clinical conditions, and neonatal admissions to the neonatal inten-
sive care unit. Another cohort study, conducted on 61 patients at the University of Texas
Medical Branch [19], found that patients with Delta infection had a lower mean gestational
age at the time of diagnosis or onset of symptoms than the previous variants and were more
likely to be symptomatic. Higher morbidity in this group was also described at Parkland
Hospital, particularly where vaccine acceptance is low [20]. The mortality rate of pregnant
women in Brazil was double (15.6%) than it was during the former Alpha variant (7.4%) [21].
Furthermore, the intrauterine fetal mortality rate was higher in Delta patients [22]. Finally,
Guan et al. confirmed that the main laboratory alterations in COVID-19 pregnant women
concern proinflammatory cytokines and appear to be greatest in patients with the Delta
variant [23]. Considering the Delta variant, maternal death and preterm birth <37 weeks
were, respectively, 0.63% (95% CI, 0.05—1.20%), and 18.58% (95% CI, 9.52—27.65%) [24].
In a previous study of our research group [25] and in some other scientific works [26-32]
Reactive C protein (CRP) serum levels were higher than the normal range, corresponding
to a mean value of 56.93 & 49.57 mg/L. COVID-19 infection in pregnant women seems to
negatively affect both maternal and neonatal outcomes.

Our study presents several strengths in its investigation of the impacts of different
SARS-CoV-2 variants on maternal and neonatal outcomes during pregnancy. One notable
strength is the inclusion of a relatively large sample size, with 313 pregnant women
confirmed to have SARS-CoV-2 infection. This sizable cohort provided a substantial dataset
for analysis, enhancing the statistical power of the study. Another strength lies in the study’s
focus on physiologic pregnancies, which ensures a specific target population for analysis. By
excluding individuals with uncontrolled obstetric pathologies, the authors aimed to reduce
confounding biases and isolated the effects of the viral variants on pregnancy outcomes.
Additionally, the study examined a range of crucial outcomes, including premature births,
ICU admission, intrauterine growth restriction, and biomarker levels. By considering
multiple endpoints, the study offers a comprehensive assessment of the impacts of different
variants on both maternal and neonatal health. However, it is important to acknowledge
the limitations of the manuscript. One significant limitation is the absence of variant typing
based on molecular analysis. Instead, the study relied on the timing of maternal infection
to categorize the SARS-CoV-2 variants. This approach introduces uncertainty, as the groups
identified based on timing may not represent pure variant groups. It is possible that the
reported findings may have been influenced by the presence of mixed variants within
the identified groups, potentially impacting the accuracy of the results. Furthermore, the
retrospective design of the study presents inherent limitations. The reliance on existing
medical records may have introduced biases and incomplete data, leading to potential
confounding factors that could impact the validity of the findings. Additionally, the
single-center nature of the study may limit the generalizability of the results to a broader
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population. Variations in patient demographics, healthcare resources, and management
protocols across different centers may affect the external validity of the findings. The
study’s exclusion criteria also pose limitations. While focusing on physiologic pregnancies
is a strength, excluding vaccinated individuals and those with specific obstetric conditions
might have introduced selection bias and limited the generalizability of the findings. The
decision to exclude vaccinated people was finalized to obtain a more homogeneous sample
of patients; furthermore, considering the period analyzed for infection (December 2020
to March 2022) most of the pregnant people were not vaccinated because there were no
vaccinations or because most of them declined the invitation to have a vaccination. It is
important to consider these limitations when interpreting the results, as they may restrict
the applicability of the findings to broader populations. The limitations of our study
include its retrospective design and the fact that the study did not consider symptom
recurrence. In addition, the analysis of fertility and live birth outcomes was limited to our
medical-assisted conception and maternity units’ databases, whereas pregnancy and live
birth data for patients who might have moved out of our hospital’s catchment area could
be missing.

5. Conclusions

The Delta variant is associated with more unfavorable maternal and neonatal outcomes
than the Alpha and Omicron variants. In fact, this variant is associated with a higher
incidence of preterm births, SGA infants, lower Apgar scores, higher maternal and fetal
mortality, higher maternal admission to ICU, higher CRP levels, as well as PCT and IL-6,
higher levels of lymphocytes, D-dimer, and transaminases. It is also associated with a higher
rate of placental SARS-CoV-2 detection. Further research with a larger and more diverse
population, encompassing multiple centers and incorporating variant typing, would help
validate the results and provide a more comprehensive understanding of the effects of
SARS-CoV-2 variants on maternal and neonatal health.
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Abstract: Background: The national lockdown and the different restrictions applied in 2020 during
the COVID-19 pandemic brought several changes to hospitalization procedures. The aim of this study
was to evaluate the patterns in access to emergency services and hospitalization in a tertiary-care
obstetric and gynecological emergency department (OG-ED) throughout the restrictions applied
during 2020. Methods: A single-center retrospective comparative study on data from January to
December 2020 was carried out on the following timeframes: January to February 2020 (before
COVID-19 pandemic), March to June 2020 (nationwide lockdown period), July to September 2020
(removal of restrictive measures), October to December 2020 (regional lockdown) and compared
to the same periods of 2019. All obstetric and gynecological patients with complete medical data
admitted to the OG-ED were included. Results: Overall, 4233 accesses for 2019 and 3652 for 2020 were
reported, with a decreasing trend of —13.7%. Between March and June 2020 (nationwide lockdown)
and 2019, the overall number of patients attending the OG-ED decreased compared to July-September
and October—December differences (A —23.5% vs. —3.1% and —5.9%; p = 0.001 respectively) for
2020-2019, but this reduction was not statistically significant when compared to January—February
(A —23.5% vs. —18.5%; p = 0.356). No significant differences for obstetric patients (A —1.8% vs. —1.0%
vs. —2.3% and +1.9% respectively; p = 0.883) were noted. Hospitalizations showed a stable trend
with an increase between October-December 2019 and 2020 (A +4.6%; p = 0.001 vs. January-February
(+2.4%) and March-June (+2.6%) 2019-2020), mainly related to regional lockdowns. Conclusions:
In contrast to available national studies, in our institution, the overall rate of OG-ED admissions
was slightly reduced with a similar trend of decrease even before COVID-19, with an increase in
admissions for serious issues, despite expectations that the suspension of elective admissions and
outpatient services would have led to an increase in non-urgent hospitalizations during the COVID-19
lockdown period.

Keywords: COVID-19; hospital admissions; emergency care; obstetric urgency; lockdown; restrictions

1. Introduction

On 11 March 2020, the World Health Organization (WHO) released its 51st status
report, in which the SARS-CoV-2 virus outbreak, also known as COVID-19, was classified
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as a pandemic [1]. Over the year 2020, to enforce social isolation and stop the spread of the
SARS-CoV-2 virus, the Italian government implemented several restrictions [2].

Such restrictions were repeated in different periods according to each wave that af-
fected Italy. In particular, the most severe lockdown was related to the wildtype SARS-CoV-2
variant and took place between March 9th and June 2020, in which a state of emergency,
also known as “lockdown”, was applied [3]. All non-essential activities, including office
labor, commerce, sports, and leisure pursuits, as well as unrestricted movement inside and
outside of the nation, were outlawed. Citizens were asked to not leave their home except
for emergency reasons (e.g., urgent care needs) [3].

With the reduction in the number of infected people, such restrictions were gradually
loosened to the use of masks in crowded areas between July and September 2020 [4,5].
However, with the second COVID-19 wave that took place from October 2020, with an
exponential increase in infected people, Italian regions were grouped into three different
epidemiological scenarios (known as yellow, orange, and red zones), with a nationwide
curfew from 10 p.m. to 5 a.m., shopping malls were ordered to be closed on weekends, and
distance education was used for high schools [4]. For regions in “orange zones”, a ban on
travel outside the municipality of residence and the closure of food services were extended,
while for regions in “red zones”, a ban on travel even within the municipality, the closure
of stores and markets, and the use of distance education from seventh grade onward were
applied [4].

During and after the lockdown, Italian hospitals significantly changed their routine
by postponing all non-urgent outpatient visits and planned operations [6]. All urgent
and emergent needs, including mandatory outpatient check-ups, were assured. This was
carried out to relieve pressure on the intensive care units (ICUs) of hospitals that served
COVID-19-positive patients and to save costs [6]. During the pandemic, ICU accessibility
was crucial and lifesaving [7].

Consequently, after the initial SARS-CoV-2 infection spread to Italy, there was an
abrupt and significant decline in emergency department visits. Overall, emergency de-
partment attendance drastically dropped by 41.8% from the previous year starting on
21 February [8]. Both medical and surgical wards were changed to COVID-19 units, and
new supplemental sub-intensive and ICUs were established for COVID-19 patients. Elec-
tive surgery and outpatient visits were also decreased [9].

The administration of the obstetrics and gynecology emergency department (OG-
ED) likewise faces open challenges regarding overcrowding and all associated complica-
tions [10]. Nearly one-third of trips to the OG-ED are for non-urgent treatments. Therefore,
during the COVID-19 pandemic, the renovation of emergency services could markedly
modify access and hospitalizations in large OG-EDs [11].

The aim of this study was to analyze how the restrictions used during the lockdown
period and subsequent months of 2020 affected the trends of the access of emergency
services and hospitalization in a tertiary-care OG-ED, compared to the corresponding
periods of the previous year.

2. Materials and Methods

We conducted a single-center retrospective analysis on emergency medical records
including a wide time window from January to December 2020 in a tertiary-care university
emergency section related to the Obstetrics and Gynecology Unit, AOU Luigi Vanvitelli,
Naples, Italy.

According to the Italian pandemic waves of 2020, three different timeframes
were obtained:

- January to February 2020 (before COVID-19 pandemic);

- March to June 2020 (nationwide lockdown period);

- July to September 2020 (removal of restrictive measures);

- October to December 2020 (regional lockdown according to red, yellow and green
zones related to each region’s contagion curve) [12].
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Each one of the above-mentioned time windows was compared to the corresponding
period of 2019, before the spreading of COVID-19.

The Helsinki Declaration, the Committee on Publication Ethics (COPE) standards
(http:/ /publicationethics.org/, accessed on 7 October 2023), and the Reporting of studies
Conducted using Observational Routinely collected health Data (RECORD) Statement are
followed in the design, analysis, interpretation of data, writing, and revisions, available
through the Enhancing the Quality and Transparency of Health Research (EQUATOR)
network (www.equator-network.org, accessed on 7 October 2023). Given that the study
was an observational one, the data obtained were anonymized to remove any information
that may be used to formally identify the patients. Each participant in this study received
information about the methods and provided their written agreement to enable data to be
collected and analyzed for research.

The study included all the OG-ED admissions, classifying all pregnant patients as
obstetric patients (from 0 to 22 gestational weeks, from 22 to 35 weeks, and from 35 weeks to
term, whether single or multiparous women), as well as puerperal patients as gynecological
patients. The study’s findings were included for all patients who used the OG-ED.

Patients with missing data from the centralized hospitalization system, patients who
left the OG-ED before the final diagnosis, or that denied consent to acquire data were
therefore excluded from the analysis.

The primary outcome was the evaluation of changes in OG-ED admissions between
each 2020 timeframe related to restrictive COVID-19 measures compared to the same
timeframes in 2019. The secondary outcome was the evaluation of changes in terms of
color code access and hospitalizations between the aforementioned timeframes. Moreover,
a descriptive analysis of reasons for OG-ED access and hospitalizations was carried out to
better describe the clinical scenarios.

Gynecologists, midwives, anesthetists, neonatologists, social workers, and nurses are
part of the multidisciplinary team at the OG-ED. Our OG-ED operates around the clock in
conjunction with the radiology and laboratory departments. Professional midwives handle
the triage. The on-call doctor then assesses the patients in accordance with the codes. The
following categories apply to the administration of triage codes in the hospital protocol
when the patient is admitted: The yellow code means “urgency”, which is the threat of
impairment of a vital function of the woman or fetus at a gestational age of 23 weeks
to be evaluated within 15 min; the red code means “emergency”, which is the current
impairment of a vital function of the woman or fetus at a gestational age of 23 weeks; the
green code denotes “non-urgency”, or services that may be delayed and reviewed within
three hours; the white code denotes treatments that are comparable to outpatient care. The
patient is discharged from the OG-ED with a discharge color when the final diagnosis has
been determined, which is frequently different from the color that was allocated during
triage. The color code assigned at the admission was used to evaluate the primary and
secondary outcomes of the study.

Data were obtained and anonymously collected from the hospital management soft-
ware for emergency access, hospitalization, and medical charts (Hero4 version 4.30, Dedalus
Global S.p.A., Florence, Italy).

For each patient, the following data were collected: Month and year of the access; type
of access (obstetric or gynecological); gestational age; cause of the access; OG-ED triage
admission; hospitalization following OG-ED access.

Because standard clinical procedures have been followed, the study did not need
approval from an institutional or ethical review body since it was classified as retrospective
chart analysis of routine clinical practice.
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Statistical Analysis

SPSS software (IBM Corp. Version 27.0, Armonk, NY, USA) was used for statistical
analysis. Categorical data were analyzed by means of the chi-square test for independence,
expanded Fisher exact test, and Bonferroni-Holms corrections for multiple testing for the
primary and secondary outcomes, as appropriate. After the application of multiple testing
corrections, a p-value (p) < 0.0125 was considered statistically significant.

3. Results
3.1. Primary Outcome: OG-ED Accesses

Overall, from January to December, 4233 accesses at the OG-ED were reported for
2019 while 3652 women were admitted in 2020, showing a decreasing trend of —13.7%

Table 1 shows that between March and June 2020, when the country was in to-
tal lockdown, the overall number of patients attending the OG-ED decreased (1124 in
2020 vs. 1477 in 2019). However, the analysis of differences among paired timeframes
showed a marked reduction between March and June 2019-2020 with July—-September and
October—December timeframes (A —23.5% vs. —3.1% and —5.9%; p = 0.001, respectively)
but not January-February 2019-2020 (A —23.5% vs. —18.5%; p = 0.356) (Table 1).

Similarly, there were no retrievable differences regarding the change in rates between
obstetric and gynecological accesses among paired timeframes (Table 1).

3.2. Secondary Outcome: Changes in Color Code of Accesses

Table 2 summarizes data for the comparisons of OG-ED access color codes for the
study period’s timeframes.

While the number of green codes fell due to severe lockdown in March-June compared
to other paired timeframes (A —12.0% vs. —8.4% and —4.1% from July—-September and
October—December, respectively; p = 0.001), a significant increase in yellow codes was
observed in the same period (A +7.9% vs. +5.1% and +1.2% from July-September and
October-December, respectively; p = 0.001) (Table 2). However, such trends were also seen
in the January-February 2019 and 2020 timeframes (A —16.4%; p = 0.001 for green codes
and +9.7%; p = 0.001 for yellow codes, respectively) (Table 2).

3.3. Descriptive Analysis of OG-ED Accesses

Gestational age at the OG-ED access with related reason for admission are reported in
Table 3.

3.4. Hospitalizations

Table 4 shows how many patients evaluated in the OG-ED between March and
December of 2019 and 2020 were hospitalized.

There was a significant increase in hospitalizations from October-December relative
to March-June and July-September (A +4.6% vs. +2.4% and +2.5%, respectively; p = 0.001)
2019-2020.

They were mainly related to abdominal pain after 22 weeks, labor, non-stress tests,
hypertension, diabetes, or other pregnancy complications (raised transaminases or bile
acids) or syncope (Table 4).
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4. Discussion

During the lockdown period (March to June 2020), most hospital facilities were over-
whelmed by COVID-19 cases, making them inaccessible to non-COVID patients, including
pregnant women, due to health restrictions imposed by the government, resulting in a
decrease in OG-ED accesses of about 13% [13,14]. Although the suspension of elective
admissions and outpatient services for high-risk pregnancies was expected to result in an
increase in hospitalizations during the COVID-19 period [15,16], this retrospective study
showed that the overall rate of emergency admissions slightly decreased in the evalu-
ated timeframes [17] but had a declining trend that may have already been present in the
pre-COVID-19 era [18].

To date, four studies have reported the influence of COVID-19 on OG-ED accesses in
Italy [11,19-21]. All of them reported in favor of a significant impact on admissions and
hospitalizations which could have deeply reduced the quality of health in pregnant and
non-pregnant women. However, our study showed a non-significant decrease when, for
the first time, a side-by-side comparison based on the different subtypes of restrictions
between two consecutive years with and without COVID-19 restrictions was made.

The study from Carbone et al. [21] reported data from the same Italian region as our
research. They reported a significant reduction of both admissions and hospitalizations in
each month of 2020 compared to 2019. Conversely, we reported that only the lockdown
period (March to June 2020) was deemed to have a substantial impact on OG-ED admissions,
while hospitalizations remained mainly untouched. The use of different admission policies
could be one of the most compelling explanations. Differently from our institution, the
hospital of Carbone et al. [21] was a referral center for COVID-19-positive pregnancies,
which might also explain the different rates of admissions and hospitalizations.

Amadori et al. [11] reported a reduction of more than the half for accesses from 2019 to
2020, which was similar to Grandi et al.’s [20] study results, which showed that there was a
reduction in accesses and hospitalizations when comparing the timeframes 1-30 November
2019 and 11 March-9 April 2020. Similar results were also reported by Dell’Utri et al. [19]
for the timeframes 23 February-23 June 2019 and 2020.

Conversely, we reported that the same trends of an overall decrease in OG-ED ad-
missions and changes concerning the reduction of non-serious cases and the increase in
those with higher priority were present even before the inclusion of the restraint measures
due to COVID-19. In some situations, the reduction of cases marked as green codes was
even greater than when the national lockdown was applied; in fact, we recorded a 16.4%
reduction between January and February 2019-2020 compared to 12.0% of the March—June
period of the same two years. This condition was also noted for the increase in yellow
codes, with a greater increase even before the implementation of the restrictive measures.

Multiple explanations could be attributed to these findings. Firstly, one reason may the
increased fear of contagion related to media reports that may have played a conditioning
role on public health even before the restrictions [22]. On the contrary, analyzing the data
on admissions and hospitalizations in 2019 more deeply, our and other hospitals might
show a decreasing trend that was already present, so the impact of restrictive measures
on the total cost computation related to hospitalizations would be even less than what
was expected. Therefore, this evidence needs further retrospective analyses to overcome
previous limitations.

During the lockdown, we also noted increased gynecological hospitalizations resulting
from pelvic abdominal pain, particularly acute adnexal pathologies, and oncological emer-
gencies. This strengthens the evidence that the reduced outpatient and regular activities of
Italian hospitals increased the need for urgent admissions and hospitalizations and that
pain, rather than blood loss, is still reported as the most unpleasant and worrying symptom
that pushes women to seek emergency care [23,24].

From July to September 2020, we could not observe changes in obstetric patients’
accesses. This was partially expected because during this period there was a reopening,
albeit partial, of facilities and outpatient clinics, so that patients were freer both in terms
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of travel and access to services [25]. This suggests that while the national closure caused
a large proportion of people to minimize travel for fear of infection, the introduction of
regional lockdowns did not have a negative impact on hospital access, probably due to
greater awareness of the nature and mode of infection [26-28].

Interestingly, hypertension and obstetrics women with gestational diabetes or cholestatic
and hepatic issues were all increased in 2020 compared to 2019. With this finding, in
accordance with Carbone et al. [21] and La Verde et al. [12], it was reasonable to suppose
that the lifestyle restrictions of the lockdown would have raised the likelihood of the
emergence of such issues. Indeed, a decrease in physical activity, an increase in house rest,
an associated rise in maternal weight, as well as stress and worry, might all be potential
contributors to the rise in blood pressure [29-32].

However, this study has several limitations. Possible flaws in the recording of data
might have influenced the retrospective collection of patient data. In the computerized
records, the final diagnoses were heterogeneously categorized, therefore their inclusion in
a specific subcategory could be biased by the operator’s decisional process. Similarly, all
the biases in its retrospective design (including selection bias) should be considered while
reading the results. Concerning the admission to the OG-ED, although the triage midwives’
characterization of the primary complaint was often uniform, it is also conceivable that they
had a varied interpretation of the patients” concerns. It appears plausible to assume that
this minor scenario may occur again in additional, related epidemiological scenarios [9].

Nonetheless, there are several points of strength that could be attributed to our analysis.
First, the introduction of a dedicated pathway with universal antigen screening tests and
the strict scheduling of maternity admissions with prior SARS-CoV-2 molecular swabs
have helped to ensure trust and safety, preventing a reduction in emergency services in our
emergency department and outpatient facilities. Moreover, the exclusion of patients with
missing data was useful to avoid confounding.

5. Conclusions

Our study did not show a marked reduction in the number of OG-ED admissions due
to COVID-19, showing that OG-ED accesses were decreasing even before the application of
national restrictions. Obstetric care seemed less affected by the pandemic, highlighting the
importance of antenatal care and screening at all stages. However, there were differences
between the pandemic and pre-pandemic periods in terms of presenting to the OG-ED.
Although the suspension of elective admissions and outpatient services for high-risk
pregnancies was expected to result in an increase of hospitalizations during the COVID-19
lockdown period, the only significant trend of increased hospitalizations was seen during
the regional lockdown period (October—-December 2020), probably due to reasons not
related to the COVID-19 emergency.
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Abstract: Background: The risk of preterm birth (PTB) and stillbirth increases after a SARS-CoV-2
infection during gestation. We aimed to estimate the risk depending on gestational age at infection
(early <28 + 0 and late >28 weeks of gestation, WoG), virus variants, severity of infection, and
vaccination. Methods: PTB was divided into early PTB (<32 + 0) and late PTB (32 + 0-36 + 6 WoG).
The prospective register COVID-19 Related Obstetrics and Neonatal Outcome Study (CRONOS)
included 8032 pregnant women with a confirmed SARS-CoV-2 infection from 3 April 2020 to 31
December 2022, in Germany and Austria. Results: Stillbirth and early preterm births rates were
higher during the Alpha (1.56% and 3.13%) and Delta (1.56% and 3.44%) waves than during the
Omicron wave (0.53% and 1.39%). Early SARS-CoV-2 infection increased the risk for stillbirth
(aRR 5.76, 95% CI 3.07-10.83) and early PTB before 32 + 0 (aRR, 6.07, 95% CI 3.65-10.09). Hospital
admission increased the risks further, especially in the case of ICU admission. Vaccination against
SARS-CoV-2 significantly reduced the risk of stillbirth (aRR 0.32, 95% CI 0.16-0.83). Conclusions:
This multicentric prospective study shows an increased risk of stillbirth and preterm birth after
infection early in pregnancy and therefore the importance of obstetrical surveillance thereafter.
Vaccination offers effective protection.

Keywords: vaccination; preterm birth; stillbirth; COVID -19; SARS-CoV-2; alpha; delta; omicron;
wild-type

1. Introduction

Since the outbreak of the SARS-CoV-2 (severe acute respiratory syndrome coron-
avirus 2) pandemic in 2020, questions about the risk of infection during pregnancy have
arisen. Overall, the pandemic situation had a tremendously negative impact on maternal
and neonatal health [1].

Pregnancy is a physiological state that predisposes women to respiratory complica-
tions from viral infection [2,3].
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SARS-CoV and MERS-CoV (Middle East respiratory syndrome-related coronavirus) were
responsible for severe complications during pregnancy [4]. SARS-CoV-2 belongs to the
same [3-coronavirus subgroup, and it has a genome similarity of about 80% and 50% with
SARS-CoV and MERS-CoV, respectively [5].

COVID-19 (coronavirus disease 2019), the disease induced by the SARS-CoV-2 in-
fection, caused more severe respiratory complications in pregnant than in non-pregnant
women, with a two to three times higher risk of being admitted to an intensive care unit,
needing invasive ventilation and extracorporeal membrane oxygenation (ECMO) or even of
dying [6]. The risk increases with ongoing pregnancy and is highest at around 32 weeks of
gestation [7], most probably due to physiological changes in pregnancy leading to restricted
pulmonary residual capacity and alterations in immune defense [8].

Several studies showed that risk of adverse perinatal outcome increases after maternal
SARS-CoV-2 infection [9,10].

The gestational week at the time of infection appears to be an important determining
factor [11].

In particular, studies have shown that the risk of preterm birth (PTB) and stillbirth
increased after an infection in the first half of pregnancy [12], and that the severity of the
disease does not play an important role [11]. Yet, hospitalization seems to be important in
determining the respiratory [10] but also obstetrical [12] risks.

Stillbirth definitions vary between countries around the globe and differ especially
between high- and low-income countries around the world [13]. The American College
of Obstetricians and Gynecologists (ACOG) defines stillbirth as delivery of fetus which
shows no signs of life, e.g., absence of breathing, heart beats, pulsations in umbilical cord
are absent, no voluntary movement of muscle. The suggested requirement is to report
fetal deaths at 20 weeks or more of gestation (if the gestational age is known) or a weight
greater than or equal to 350 g, if the gestational age is not known. The cut-off of 350 g
is the 50th percentile for weight at 20 weeks’ gestation [14]. Regarding preterm births
(PTB), these are those that occur at under 37 weeks’ gestational age; however, the low-
gestational age cutoff, or that used to distinguish preterm birth from spontaneous abortion,
varies by location [15]. PTB is further subdivided on the basis of gestational age (GA):
extremely preterm (<28 weeks), very preterm (28-<32 weeks) and moderate or late preterm
(32-<37 completed weeks of gestation) [16]. Preterm births account for 75% of perinatal
mortality and more than half the long-term morbidity [15].

Different virus variants circulated in Germany and epidemiological data on variant
dominance are available from the German Surveillance System of the Robert Koch Insti-
tute (https:/ /edoc.rki.de/bitstream /handle/176904 /9483 /EB-10-2022-Phaseneinteilung.
pdf, accessed on 30 January 2024). Recent data suggest an increased rate of stillbirth during
the Delta period [17]. PTB rates were significantly lower during the Omicron period [18].
An epidemiological study revealed recently that the risk of preterm birth is lower when the
vaccination rate is higher [19].

The main aim of this study is to compare the PTB and stillbirth risk depending on the
time point of infection, dominant virus variant, severity of disease requiring hospitalization,
and vaccination status.

2. Materials and Methods
2.1. Study Design and Setting

From 3 April 2020 to 31 December 2022, the data of 8032 women with acute or previous
SARS-CoV-2 infection (positive PCR or antigen test) at any time during their pregnancy
and who, regardless of indication, were cared for in one of the participating obstetric
departments were collected in the multicentric and prospective register COVID-19 Related
Obstetrics and Neonatal Outcome Study (CRONOS). CRONOS is an observational study
established by the German Society of Perinatal Medicine (DGPM) to rapidly provide
data to counsel women with SARS-CoV-2-infection during pregnancy. Information on
the study is available at www.dgpm-online.org and the German Clinical Trials Register

49



J. Clin. Med. 2024, 13, 1522

(DRKS00021208). All German maternity hospitals were invited to participate in the study.
Obstetrical Units covering almost 1/3 of the deliveries in Germany as well as the Kepler
University Hospital in Linz, Austria, participated and included cases. Methodology and
study results were published recently [7,20-25]. Approval of the Institutional Ethics Board
was obtained for the study (University Hospital Schleswig-Holstein in Kiel, file number
D 451/20) and for each study site separately.

2.2. Data Capture and Study Variables

After obtaining informed consent from patients, information on the demographic
characteristics, medical and obstetrical history, infection-specific symptoms and/or treat-
ments, obstetrical and neonatal outcomes of the current pregnancy were entered by each
participating hospital in the cloud-based electronic data capture platform of the service
provider castoredc.com (Amsterdam, The Netherlands). The virus variant was calculated
based on information and epidemiological data on variant dominance from the German
Surveillance System of the Robert Koch Institute (https://edoc.rki.de/bitstream /handle/
176904 /9483 / EB-10-2022-Phaseneinteilung.pdf, accessed on 30 January 2024). From the
first recorded cases (27 January 2020) until the end of the second wave on the 28th of
February 2021, the wild-type virus circulated in Germany. During the third wave, from
the 1 March 2021 until the end of the summer plateau on the 1 August 2021, the variant of
concern (VOC) was Alpha. From the 2nd of August, the new VOC Delta took over, causing
the fourth wave until the 26 December 2021. From the 27th of December 2021 the VOC
was Omicron.

Endpoints

The primary endpoints were stillbirth after 20 weeks of gestation WoG and PTB
(livebirth before completed 37 WoG). Those were further classified as early PTB (<32 + 0
(WoG)) or late PTB (from 32 + 0) and. The timing of exposure was dichotomized into early
(<28 + 0 weeks of gestation) and late (third trimester > 28 weeks) infections.

2.3. Statistical Analysis

To evaluate the impact of the time point of infection in pregnancy, of vaccination
against SARS-CoV-2, and of dominant virus variant on the endpoints, we conducted a
stepwise statistical analysis strategy.

1. A descriptive analysis of baseline characteristics of the population: categorical vari-
ables are presented as absolute and relative frequencies (N/%); continuous baseline
variables were shown as mean and standard deviation (mean =+ SD) for each group
(Table 1).

Table 1. Baseline and pregnancy characteristics of the study participants.

Mean/N SD/% Missing

Maternal age (years) 31.1 5.4 37
BMI at inclusion (kg/m?) 29.1 5.8 2282
Week of gestation at birth 38.2 3.3 735
PTB 835 11.4 735
History of PTB 138 1.7% 17
IVF 292 4.1% 959
Multiple pregnancy 237 3% 76
Smoking during pregnancy 333 41% 240
Any symptoms 6025 81.6% 644
Vaccine against SARS-CoV-2 2156 26.8% 702
Hospital admission 5585 71.9% 265
Hospital admission for COVID-19 828 10.7% 264
Hospital admission for obstetric reasons 3756 48.3% 264
ICU admission 223 2.9% 267
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2. A descriptive bivariate analysis to assess the proportion of stillbirth, early (<32 + 0),
and late (32 + 0-36 + 6) PTB, depending on the time point of infection, virus variant,
and vaccination status (Table 2).

Table 2. Descriptive bivariate analysis of stillbirth, early preterm and late preterm birth depending

on time point of infection, virus variant and vaccination status.

Stillbirth Early PTB Late PTB
(N =70, 0.87%) (N = 165, 2.05%) (N = 670, 8.34%)
N % N % N % N %

Early infection 3119 38.8% 46 1.47% 113 3.62% 212 6.80%
Late infection 4913 61.2% 24 0.49% 52 1.05% 458 9.32%
Wild-type 2334 29.1% 16 0.69% 41 1.76% 217 9.30%
Alpha 766 9.5% 12 1.56% 24 3.13% 72 9.40%
Delta 1542 19.2% 24 1.56% 53 3.44% 132 8.56%
Omicron 3390 42.2% 18 0.53% 47 1.39% 249 7.35%
Vaccine 2156 26.8% 11 0.51% 27 1.25% 141 6.54%
No vaccine 5174 64.4% 54 1.04% 138 2.66% 488 9.43%

3. Finally, multivariate log-binomial models for calculating adjusted relative risk (aRR)
and corresponding 95% confidence intervals (95% CI) were used to correct the risk for
maternal characteristics and common risk factors.

Statistical analyses were performed using Statistical Package for Social Sciences (SPSS;
version 29; IBM Corp, Armonk, NY, USA) for Windows (Microsoft, Redmond, WA, USA).
Missed values are dropped by default in SPSS for log-binomial models; therefore, sample
sizes may differ in the statistical analyses. Inferential statistics were used in a descriptive
manner. Thus, no significance levels were determined, and no adjustment for multiplicity
was applied. However, p values < 0.05 were considered to be statistically significant.

3. Results
3.1. Descriptive Statistics

The baseline maternal demographic and clinical characteristics of the 8032 infected
pregnant women are presented in Table 1.

The mean maternal age was 31.11 & 5.35 years and the mean gestational week at
delivery was 38.15 & 3.31.

The mean BMI was 29.06 4 5.83 kg/m?. The study population included 3% twin
pregnancies and 4.1% pregnancies were induced by medically assisted reproduction. In
1.7% of women, a history of preterm birth was indicated.

Of the pregnant women, 4.3% smoked during the pregnancy.

Some 71.9% of the women were inpatients at the time of the infection, with 10.7% ad-
mitted for symptoms related to COVID-19 and 48.35% for obstetrics complication or
delivery. Of the patients, 2.9% were admitted to the intensive care units (ICU).

Most women were infected with SARS-CoV-2 during the Omicron dominant phase
(3390, 42.2%). During the 3 months of Alpha as VOC, the registered number of infec-
tions was 766 (9.5%). During the period of 5 months when Delta was prevalent, there
were 1542 (19.2%) recorded infections during pregnancy. During the first 13 months of
the pandemic, 2334 cases of infection were reported in which only the wild-type virus
was detected.

In the population studied, 26.8% women were vaccinated against SARS-CoV-2 at the
time of infection.

Of the women analyzed, 3119 (38.8%) acquired the infection early in pregnancy and
4913 (61.2%) in the third trimester.
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3.2. Rate of Stillbirth, Early and Late PTB

Seventy patients (0.87%) suffered a stillbirth after 20 + 0 week of gestation (WoG),
but rates vary depending on the time point of infection in pregnancy, virus variant, and
vaccination status (Table 2).

Depending on the time point of infection, the stillbirth rate was higher after an
early infection compared with an infection in the third trimester: 1.47% (46/70) versus
0.49% (24/70).

The rate of stillbirth was higher during the Alpha and Delta periods: 1.56% in both
periods (12/766 and 24/1542), almost three times higher than during the wild-type and
Omicron periods: 0.69% (16/2334) and 0.53% (18/3390, Table 2).

Further, in the vaccinated women, the stillbirth rate was almost half compared to the
unvaccinated group: 0.51% (11/2156) versus 1.04% (54/5174).

Eight hundred and thirty-five pregnant women (10.39%) had a preterm birth: 165 (2.05%)
deliveries were early preterm and 670 (8.43%) occurred after 32 + 0 WoG (Table 2)

In the case of early infection, the rate of PTB before 32 + 0 WoG was higher: 3.63%
(113/3119) versus 1.05% (52/4913) after a late infection. In cases of late infection, the
rate of late PTB was higher: 9.32% (458/4913) compared to 6.80% (212/3119) after early
infection (Table 2).

Regarding the virus types, the rate of early PTB was higher among pregnant women
infected during the Alpha and Delta period: 3.13% (24/766) and 3.44% (53/1542) versus
1.76% (41/2334) and 1.39% (47/3390) during the wild-type and Omicron periods. The rate
of late PTB was lowest during the Omicron period with 7.35% (249/3390). During the
wild-type, Alpha, and Delta waves, the rates of late PTB were 9.30% (217/2334), 9.40%
(72/766), and 8.56% (132/1542) (Table 2).

In cases where vaccinations had been given, the rate of early PTB almost halved: 2.66%
(138/5174) in the unvaccinated population versus 1.25% (27/2156) among vaccinated
pregnant individuals. Also, the rate of late PTB was lower in the vaccinated population:
6.54% (141/2156) versus 9.43% (488/5147) in the unvaccinated population.

3.3. Adjusted Relative Risks of Stillbirth and Preterm Delivery

Having any symptoms, independent of the severity, reduced the risk of stillbirth (ad-
justed relative risk—aRR 0.16, 95% CI 0.26-1.125) and early PTB (aRR 0.35, 95% CI 0.20-0.61),
but had no influence on the aRR for late PTB (aRR 0.99, 95% CI 0.77-1.27, Table 3). Inpatients
admitted for symptoms related to the SARS-CoV-2 infection, had increased risks, with
an aRR of 2.86 for stillbirth (95% CI 1.08-8.02) and 1.49 for early PTB (95% CI 1.14-5.47).
The aRR for late PTB was 1.71 in the case of symptomatic disease with hospital admission
(95% CI 1.25-2.51). Hospital admission for obstetrical reasons increased the aRR for still-
birth by 5.50 times (95% CI 2.90-10.41), for early PTB 4.40 times (95% CI 2.80-6.90), and for
late PTB 2.06 times (95% CI 1.70-2.51, Table 3).

The admission to an intensive care unit (ICU) increased the adjusted relative risk of
stillbirth 3.44 times (95% CI 1.04-11.38), the adjusted relative risk of early PTB was 11.66
(95% CI 5.22-26.05), for late PTB 1.98 (95% CI 1.31-3.00, Table 3).

Being infected during the Alpha or Delta periods, compared with other variants,
increased the adjusted relative risk of stillbirth (aRR 1.76, 95% CI 0.99-3.08) and early
PTB (aRR 1.45, 95% CI 0.96-2.18). The risk of late PTB was not increased (aRR 0.89,
95% CI0.72-1.10, Table 3).

Regarding the timepoint of infection, the relative risks of stillbirth and early PTB were
higher after an infection early in pregnancy: aRR 5.76, 95% CI 3.07-10.83 and aRR 6.07, 95%
CI 3.65-10.09. The risk of late PTB is not increased after an infection early in pregnancy
(aRR 0.79, 95% CI 0.62-1.01, Table 3).
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Table 3. Multivariate log-bin model regarding the adjusted relative risk (aRR) of stillbirth, early and
late PTB depending on symptomatic infection, hospital admission due to SARS-CoV 2 infection, for
obstetrical reasons, ICU admission, being infected with Alpha or Delta variants compared to other
virus types, early infection compared to late infection and being vaccinated. Significant p-values are
marked in bold. The 95% lower and upper confidence intervals (CI) are indicated. RR adjusted for
maternal age, BMI, multiples and history of miscarriage/preterm delivery.

. CoV Ob ICU Alpha Delta .
Outcome Parameter Symptomatic Admission Admission Admission vs. Others Early vs. Late ~ Vaccine
aRR 0.16 2.86 5.50 3.44 1.76 5.76 0.32
Stillbirth 95% CI 0.26-1.25 1.08-8.02 2.90-10.1 1.04-11.38 0.99-3.08 3.07-10.83 0.16-0.83
p-Value 0.573 0.035 <0.001 0.043 0.055 <0.001 0.019
aRR 0.35 2.49 4.40 11.66 1.45 6.07 0.65
Early PTB 95% CI 0.20-0.61 1.14-4.47 2.80-6.91 5.22-26.05 0.96-2.18 3.65-10.09 0.38-1.11
p-Value <0.001 0.023 <0.001 <0.001 0.077 <0.001 0.112
aRR 0.99 1.71 2.06 1.98 0.89 0.79 0.73
Late PTB 95% CI 0.77-1.27 1.25-2.51 1.70-2.51 1.31-3.00 0.72-1.10 0.62-1.01 0.58-0.92
p-Value 0.924 <0.001 <0.001 <0.001 0.269 0.065 0.008

Being vaccinated against SARS-CoV 2 reduced the risk of stillbirth (aRR 0.32 C1 0.11-0.92,
p=0.035). The risks of early and late preterm birth were also lower: aRR 0.65 (95% CI 0.38-1.11)
and aRR 0.73 (95% CI 0.58-0.92, Table 3).

4. Discussion
4.1. Principal Findings

The rate of early preterm delivery and stillbirth was higher after infection before the
third trimester and during the Alpha and Delta periods of SARS-CoV-2 infections. The
rate of stillbirth and early PTB were lower in the vaccinated population. SARS-CoV-2
infection early in pregnancy and infection during the Alpha and Delta periods increased
the risk for stillbirth and early preterm birth. Having symptoms independent of the severity
reduced the risk for PTB, especially for early PTB. Hospital admission for COVID-19-related
symptoms as a surrogate of a more severe course of COVID-19 disease increased the risks.
Vaccination against SARS-CoV-2 significantly reduced the risks, especially for stillbirth. It is
known that the risk of stillbirth after a SARS-CoV-2 infection in pregnancy is increased [26].
A recent meta-analysis estimated that the odds ratio of stillbirth in COVID-19 compared
to non-COVID-19 pregnant women was 1.89 [27]. In 2022, we reported the increased risk
especially after early infection in a smaller cohort based on our CRONOS register data [12].
Since the rate and risk of stillbirth is dependent on gestational age, it is not possible to
exclude that not only the infection, but gestational age itself affected our results. Pregnant
individuals may have presented in hospital due to the diagnosis of intrauterine demise
and have had an early infection detected through hospital screening. In a retrospective
study from 2010, the stillbirth rate was higher early in gestation, but the risk increased late
in gestation, especially at 42 weeks [28]. The hypothesis is that the infection produced an
inflammation in the maternal body affecting the fetus correlated with an adverse outcome
increasing the risk of stillbirth and preterm birth.

Pregnant women with COVID-19 versus without COVID-19 are more likely to deliver
preterm and could have an increased risk of maternal death and of being admitted to the
intensive care unit [29]. Pregnant women especially early in the second trimester seem to
be more susceptibly and tend to have a worse outcome after infection in this period [18].
In 2022, Piekos et al. [11] analyzed the risk of maternal and pregnancy complications
depending on the time point of infection in 882 infected pregnant women compared with
889 matched control pregnant women. An infection in the first and second trimester
increased the risk of stillbirth and early PTB. They also found that gestational week at
infection could predict the week of gestation at delivery, but the severity of the infection
was not correlated with gestational age at delivery. In our first analysis of a smaller cohort
from CRONOS, which included 1149 pregnant women [12], and in this study including
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8032 infections in pregnancy, the admission to hospital as a surrogate for the severity of
infection increased the risk for stillbirth and preterm birth. In the case of admission to an
ICU, the risk increase was even higher. Differently applied statistical models, but also the
population size, could be explanations for the different results, since the number of infected
women was lower in the cohort of Piekos and colleagues [11].

The prevalence of congenital malformations in SARS-CoV-2-infected women did not
increase in the CRONOS register compared to the known European prevalence [30]. In
countries where the Zika Virus is endemic, the clinical differentiation between the two
entities with similar symptoms is difficult and represents an issue due to the late diagnosis
of congenital Zika syndrome, which includes microcephaly and neurodevelopmental
delay [31].

The Delta and the Alpha variants showed increased transmissibility shortly after
being discovered compared to earlier variants. It soon became clear that the Delta variant
was not only more transmissible but potentially more severe, leading to higher rates of
hospitalization and complications in pregnant women, resulting in an increase in adverse
maternal and fetal outcomes in affected pregnancies [32].

The study of Favre [17] examined the period before and after Delta. In this analysis,
the higher risk for maternal health but also the increased risk for obstetrical complications
especially preterm birth and stillbirth during Delta is evident. During the Delta period,
the stillbirth rate was 2.8%, higher than the one observed in our study. The reason for this
could be the smaller examined population with n = 1402, n = 262, and n = 391 for pre-Delta,
Delta, and post-Delta, respectively.

Depending on different virus variants, different PTB rates were described at an aca-
demic center in New York (US) [18]: 9.9% during Omicron compared with a peak in PTB
rate of 20.3% during the original period, which is of course much higher than the 11.06%
PTB rate registered during the wild-type period in our study. The German preterm birth
rate is 9%, stable in recent years [33] whereas the PTB birth rate in the US is higher, at
10.38% in 2022, with a higher rate among black non-Hispanic women (14.59%) [34]. The
reason in this case could also be the different size of the studied populations, since in the
study, 8983 women were analyzed but only 638 were infected.

Regarding vaccination, the main body of research evaluates the safety of vaccination
against SARS-CoV-2 in pregnancy [35,36]. The role of vaccination and its effect on obstetri-
cal outcomes has not yet been intensively examined. One recent study showed that the risk
increase for PTB after infection was lower when the vaccination rate in the population was
higher [19]. Our data support not only the safety of vaccination against SARS-CoV-2 in
pregnancy, they underline the importance of vaccination by lowering the risk for adverse
outcomes like stillbirth and preterm birth in the vaccinated population.

4.2. Clinical Implications

Our data provide a valid instrument for consulting pregnant women on the modu-
lation of risk after SARS-CoV-2 infection during pregnancy and the role of vaccination.
Overall, obstetrical complications seemed to be lower during the Omicron wave. How-
ever, an infection early in pregnancy has been shown to increase the risks of the analyzed
obstetrical complications. Therefore, intensive obstetrical surveillance after an early preg-
nancy infection is still mandatory. Vaccination offers effective protection against the risk of
stillbirth and preterm birth (PTB), and women should be encouraged to receive immuniza-
tion against SARS-CoV-2 infection. Vaccination during pregnancy is a delicate topic that
arouses a lot of skepticism in patients. The pandemic is a case in point. Since the results
of the vaccination studies, including pregnant individuals, were available later than those
regarding other populations, immunization in pregnancy started later. An earlier analysis
of this important group could have prevented many complications making it a current and
exemplary issue, an important lesson for the future.
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4.3. Research Implications

The reasons for the susceptibility of the studied pregnancy complications after an early
infection need further evaluation. The placenta may play a crucial role. Different molecular
pathways could be modulated at this stage, potentially contributing to the elevated risk
of placental dysfunction, which correlates with the increased risk of medically induced
preterm birth. We also hypothesize that infections in the late second trimester could trigger
an escalation of inflammation, possibly accounting for most cases of spontaneous preterm
birth. Given the multifactorial nature of preterm birth and the often unexplained reasons
for stillbirth, confirming this hypothesis will be challenging. Detailed and extensive
biomolecular placental research could provide answers, but clinical examination and
matching cases with a control group may also yield valuable insights.

4.4. Strengths and Limitations

We present one of the largest cohorts of infected women from high-income countries
such as Germany and Austria, offering detailed insights into their symptoms, pregnancy
outcomes, and medical histories. Our study meticulously examines the impact of vacci-
nation, reaffirming its crucial role in preventing the elevated risks of stillbirth and early
preterm birth. The recruited infected pregnant women primarily originated from obstetrical
hospitals, predominantly tertiary care centers. As a result, most cases involved hospitalized
and often high-risk individuals. We acknowledge that future studies should include an
uninfected group for a comprehensive comparison. Additionally, we did not differentiate
between spontaneous and medically indicated preterm deliveries, recognizing that both
may be influenced by the infection. In the case of stillbirth, we did not categorize by specific
causes, considering any delivery involving an unviable fetus as a stillbirth.

5. Conclusions

Our analysis reaffirms the critical need for obstetric surveillance following a SARS-CoV-2
infection in early pregnancy. The heightened risks of preterm birth and stillbirth are substan-
tiated in this study. The presence of mild symptoms appears to have little relevance, while
severe symptomatic cases necessitating treatment and hospitalization emerge as significant
risk factors for preterm birth and stillbirth. Moreover, this analysis provides further support
for the presumed protective effect of vaccination, particularly in preventing stillbirth.
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Abstract: Background/Objectives: The study presented in this paper seeks to examine how personal-
ity traits and depressive symptoms, influenced by the fear of COVID-19, interact in infertile couples,
who are on the verge of commencing treatments with assisted reproductive technology (ART). The
purpose of this observational study was to explore the relationship between personality traits in
infertile couples and the occurrence of depressive symptoms, taking into account the mediating
effect of COVID-19 fear. Methods: The study sample consisted of 108 women and 71 men (N = 179),
all of whom had received an infertility diagnosis and expressed a desire to begin ART treatment
at a Sicilian ART center; they were subsequently recruited. The Personality Inventory (PI), Beck
Depression Inventory (BDI) and Fear of COVID (FCV-19S) were used for data collection. Results:
The FCV-19S demonstrates a significant positive correlation with both neuroticism (r = 0.25, p = 0.001)
and agreeableness (r = 0.19, p = 0.012). In addition, there is a significant correlation between FCV-19S
(r=0.67, p <0.001) and depression symptoms. The mediation analysis reveals that neuroticism is a
predictor of fear of COVID-19 (3 = 1.77, p = 0.001) and depression (3 = 0.22, p = 0.002). Additionally,
the fear of COVID-19 significantly influences ( = 0.12, p < 0.001) depression. Conclusions: This
study found that neuroticism and agreeableness are positively linked to the fear of COVID-19, and
women displayed notable mild mood disorders. Neuroticism predicted both depression and fear of
COVID-19, while fear of COVID-19 predicted depressive symptoms. However, the total efficacy of
the mediation model was not significant, thereby suggesting that the variables do not fully explain
this model.

Keywords: infertility; personality traits; depression; COVID-19; assisted reproductive technology
(ART)

1. Introduction

Many consider that assisted reproduction technology (ART) treatments represent the
most significant scientific advancement in the search for solutions to address infertility and
the difficulties of spontaneous conception in achieving desired parenthood. Previously con-
sidered as uncommon and atypical conditions, these issues are now increasingly prevalent
due to the advancing age of mothers [1] and various environmental factors.

It is worth noting that, from 2013 to 2021, there was an exponential increase in the num-
ber of couples undergoing first, second, and third level ART techniques (from 71,741 couples
in 2013 to 86,090 in 2021), and that Sicily has a high percentage of currently active ART
centers [2] (Activities of the Italian National ART Registry—2021).

Infertility is identified as the inability to achieve pregnancy after one year of attempting
through frequent and unprotected sexual intercourse, or as the inability of an individual
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or couple to conceive [3]. This condition, which affects 10 to 15% of couples worldwide,
with half of the cases attributed to the male factor [4], represents a significant public health
issue, both in terms of increasingly concerning low birth rates and costs [3,5]. The number
of couples in Italy experiencing difficulties in natural conception has doubled since 1996,
reaching a proportion of one in five [6].

From a psychological perspective, infertility is particularly burdensome for both men
and women. It deeply affects individual and couple well-being [7]. Symptoms related to
depression and anxiety are the most frequent reactions to infertility and the beginning of
an ART journey [8]. The high prevalence of depressive and/or anxiety disorders raises the
possibility that certain personality traits may predispose individuals to the development
of depression and anxiety in response to the condition of infertility, in addition to the
emotional burden of treatments to achieve a pregnancy [9].

A longitudinal study conducted in Italy has highlighted that 17.9% of the women
involved in such treatments exhibited depressive symptoms, while 14.7% displayed symp-
toms of anxiety. However, depressive symptoms affected 6.9% of men and symptoms of
anxiety affected 4.5% of cases [10]. Depression, compared to anxiety, therefore, seems to be
more prevalent among infertile couples. Furthermore, a survey of 43 women has revealed
that certain beliefs regarding motherhood and the desire for “perfectionism’, perceived as a
personality trait, are associated with lower levels of fertility-related quality of life [11].

According to the Big Five theory of personality traits, Costa and McCrae [12] have
proposed the following taxonomy, which is based on five major factors: extraversion,
neuroticism, agreeableness, conscientiousness, and openness to experience. Various studies
have demonstrated that there are personality differences in determining reproductive
behavior [13,14].

Neuroticism reflects a general tendency to experience negative emotions, such as
anxiety, and to become easily distressed. Neuroticism has been associated with difficulties
in social relationships, such as lower relational quality and interpersonal negativity in
marriage [15,16]. Furthermore, neuroticism has been linked to intentions of procreation. In
a sample of young German adults, individuals with high neuroticism displayed greater
decisional ambivalence regarding the idea of becoming a parent [17]. Such decisional
ambivalence can lead to postponing parenthood, in addition to having fewer children [14]
and, therefore, to seeking ART, also due to advanced maternal age.

In light of this review of studies in the literature, it is of great interest to understand
which relationships might exist between such personality traits and depressive symptoms,
in a social context mediated by the presence of the COVID-19 pandemic.

In the context of the latter [18], the main scientific and professional societies regarding
the field of fertility [19,20] have advised postponing a pregnancy [21] insofar as monitoring
an ART journey requires continuous checks, which are not only gynecological but also
hormonal. With a rationale of containing the pandemic emergency, with measures such as
social distancing and lockdown, it was preferable to advise delaying taking all unnecessary
risks. Moreover, ART services are often located in facilities not immediately adapted
to respecting safety guidelines issued by governments around the world in containing
the pandemic.

Personality traits can have a significant impact on how individuals perceive threats
and react to crises like pandemics [22]. Individuals with tendencies towards neuroticism,
anxiety, emotional instability, and lack of security have shown an increase in stress levels
and negative emotional reactions [23]. Caci and colleagues [24] observed that individuals
with a high degree of neuroticism exhibited greater fears related to the effects of COVID-19
in everyday life, tending to experience boredom more easily and to indulge in negative
thoughts and fantasies.

Precisely because neuroticism is identified, according to the Big Five model [12], as the
primary trait influencing the management of fear, people with a high level of neurotic traits
may be more susceptible to perceiving danger, an intense emotional response, and pay
greater attention to threats, with a reduced capacity to deal with stressful situations [25].
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Although the stress related to fertility can be considered comparable to that generated
by the pandemic [26,27], the emotional impact of the pandemic on infertile patients is
significant [28].

In light of what has been presented, the purpose of this observational study is to
investigate personality factors in infertile couples and their relationship with the presence of
any depressive symptoms, considering the role of fear of COVID-19 as a mediating variable.

This study, therefore, has the following hypotheses:

- To verify the existence of significant correlations between personality factors, depres-
sion, and fear of COVID;

- To verify the relationship between personality traits and depression, taking into
account the role that a fear of COVID-19 may have played in mediating such an
association, in infertile men and women who were about to commence a medically
assisted reproduction (MAR) journey.

2. Materials and Methods
2.1. Participants

A total of 108 women and 71 men (N = 179), who had received an infertility diagnosis
and expressed a desire to start ART treatment at a Sicilian ART center, were recruited.
The study was conducted over the course of one year from July 2021 to July 2022, and
the inclusion criteria were to have received an infertility diagnosis and an understanding
of Italian for the administration of psychometric tests. Some cases were excluded where
questionnaires were incomplete.

The sample characteristics (see Table 1) confirmed that the study participants were
mostly couples from a middle-low socioeconomic and cultural background. Indeed, the
assisted reproduction center, where the participants were recruited, is located in an area
particularly at risk of socioeconomic disadvantage. The center, therefore, serves as the only
clinic offering ART services at reduced costs compared to other centers.

Table 1. Descriptive characteristics of the sample (N = 179).

Variables Women Men
Mean SD Mean SD
Age: 34.6 5.65 37.3 5.93
Nationality:

Italian 75.9% 77.5%
Other 24.1% 22.5%
96.3% 97.2%
3.7% 2.8%

Relationship status:
Married 75.9% 77.5%
Cohabiting 24.1% 22.5%

Educational level:
Elementary school 5.6% 1.4%
Middle school 35.1% 31%
Vocational diploma 9.3% 25.4%
High school diploma 24.1% 28.2%
Bachelor’s degree 21.3% 11.3%
PhD/Specialization 4.6% 2.8%
Job type:
Homemaker 39.2% 1.4%
Student 2.8%

Factory worker 0.9% 18.6%
Office worker 32.7% 34.3%
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Table 1. Cont.

Variables Women Men
Executive 2.8% 1.4%
Craftsman/woman 7.1%
Merchant 0.9% 2.9%
Freelancer 0.9% 17.1%
Teacher 4.7% 1.4%
Unemployed 10.3% 15.7%
Seeking initial employment 4.7%
Presence of children:
No 85% 85.5%
1 14% 13%
2 1.4%
3or>3 0.9%
Miscarriages:
No 72.9%
Yes, spontaneous 24.3%
Yes, voluntary termination of pregnancy 2.8%
First attempt at ART:
Yes 72.9% 69.5%
No 27.1% 30.5%
Presence of other Pathologies:
No 71.3% 84.6%
Yes, organic type 23.1% 12.3%
Yes, psychological type 0.9%
Healthy carrier 4.6% 3.1%
Healthy diet:
Yes 83.3% 78.3%
No 16.7% 21.7%
Sport:
Yes 22.2% 40.6%
No 77 8% 59.4%
Smoking:
Yes 29.6% 40.6%
No 70.4% 59.4%
Alcohol:
Yes 4.6% 5.8%
No 95.4% 94.2%
Taking medication:
Yes 22.2% 18.8%
No 77.8% 81.2%
Social support network:
Limited 54.2% 42.6%
Wide 45.8% 57.4%
Support system for ART journey:
Family 62.9% 53%
Friends 3.7% 4.5%
Both 33.3% 42.4%

Fear of COVID-19 is significantly and positively correlated with neuroticism (r = 0.25, p = 0.001), as well as with
agreeableness (r = 0.19, p = 0.012). Furthermore, fear of COVID-19 (r = 0.67, p < 0.001) is significantly correlated

with depressive symptoms.

2.2. Procedures and Instruments

The survey sample was recruited during the first gynecological visit, following a
clinical interview in which couples were invited to participate in the research, and where
informed consent to the study was provided and read. Participation was voluntary and
anonymous, and the administration time of the psychometric tools lasted for approximately

20 min.
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The research journey included the use of the following measures:

- A socio-demographic form, constructed ad hoc, in which the following data were
collected: sex, age, nationality, relationship status, educational level, profession type
(where relevant), number of children, incidence of previous miscarriages, information
relating to whether it was the first attempt at ART, presence of previous pathologies,
healthy eating habits, engaging in physical and sports activities, smoking habit, alcohol
consumption, use of pharmacotherapy, and the presence of a social support network.

- Personality Inventory (PI) [29], a self-reporting questionnaire consisting of 20 items to
assess personality factors, according to the Big Five model [12]. The questionnaire has
five subscales which investigate the relative personality factors: extraversion, defined
as a search for aggregation, assertiveness, positive emotionality, and a search for
excitement; conscientiousness, defined as a sense of duty and self-discipline; openness
regarding experiences and intellectual curiosity; agreeableness, defined as trusting
in others and the ability to cooperate; and neuroticism, defined as a tendency to be
emotionally unstable. Each item had a 5-point Likert scale with scores ranging from
1 = strongly disagree to 5 = strongly agree. Regarding psychometric properties, the
tool demonstrated reliable internal consistency (« > 0.70).

—  Beck Depression Inventory II (BDI) [30] is a self-reporting questionnaire consisting of
21 items; its aim is to measure the cognitive, motivational, affective, and behavioral
symptoms of depression. Each item has a score ranging from 0 to 3, and the higher the
BDI score, the more profound the degree of depression is. Regarding psychometric
properties, the tool demonstrated reliable internal consistency (o« > 0.80).

— A fear of COVID-19 (FCV-19S) [31] is a seven-item scale which assesses the fear of
COVID-19. The seven items are rated on a 5-point Likert scale from 1 (strongly
disagree) to 5 (strongly agree), with scores ranging from 7 to 35. The higher the score,
the greater the fear of COVID-19. Regarding psychometric properties, the FCV-19S
also demonstrated reliable internal consistency (o > 0.80).

2.3. Statistical Analyses

Preliminary analyses (means, SDs, and percentages) were calculated for the various
socio-demographic variables. The variables being studied were investigated by performing
Pearson correlations among personality factors, depression, and fear of COVID-19. An
independent samples t-test was conducted to investigate the difference between the mean
values of men and women for the depression variable. Finally, a mediation model was con-
structed in order to investigate the relationship between personality traits and depression,
exploring the mediating role of the COVID-19 fear variable. Confidence intervals were
reported, and bootstrapping was used to estimate these intervals. The significance of the
indirect effect is indicated if the interval between the upper and lower confidence limits
does not contain zero [32]. All analyses were performed using the SPSS statistical software
version 28 (IBM SPSS Statistics).

3. Results

The results demonstrated that the average age of the women in the study was 34.6
(SD = 5.65), while that for men was 37.3 (SD = 5.93). The majority of women (96.3%) and
men (97.2%) were Italian. The most prevalent relationship status was ‘marriage’ for women
(75.9%) and men (77.5%). Regarding education level, 35.3% of women and 31% of men
had completed lower secondary education. Approximately 38.3% of the women were
housewives, while the majority of men were employed (34.3%). Additionally, 85% of the
women did not already have children, similar to the majority of men (85.5%).

In total, 72.9% of the women reported having had no previous miscarriages, in addition
to not having any psychological or organic pathological conditions apart from infertility;
this statement was shared by 71.3% of the women and the majority of men reported the
same characteristic (84.6%).
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Although most women (83.3%) and men (78.3%) claimed to follow a healthy diet,
the majority of them did not engage in any sports or physical activity (77.8% of women
and 59.4% of men). Similarly, a regular smoking habit (70.4%), alcohol consumption
(95.4%), and medication (77.8%) were absent among women. Men displayed similar habits,
with 59.4% stating that they were non-smokers, 94.2% confirming they did not regularly
consume alcohol, and 81.2% did not regularly use medication.

While the majority of women described their social network as “limited” (54.2%), most
men referred to having an extensive social network (57.4%). Finally, both women (62.9%)
and men (53%) reported having their family as the main reference point regarding support
and emotional backing in starting their ART journey.

Descriptive statistics are reported in Table 1 above.

The results of the correlations are shown in Table 2 below.

Table 2. Correlations between personality factors, depression (BDI), and fear of COVID-19 (FCV-19S)
in infertile couples.

Variables 1 2 3 4 5 6 7
1. Neuroticism -
2. Conscientiousness —0.071 -
3. Openness —0.051 0.107 -
4. Extroversion —0.035 0.059 0.152 -
5. Agreeableness 0.102 0.035 0.021 —0.011 -
6. BDI —0.004  —0.009 0.043 0.016 —0.004 -
7. ECV-19S 0.252 ** 0.050 0.141 0.072 0.188*  0.666 ** -
M 8.78 15.06 124 12.9 13.1 9.63 13.7
SD 3.07 2.23 2.46 1.80 2.40 5.27 6.41
Skewness 0.91 —0.81 0.23 0.20 —-0.14 —0.66 1.13
Kurtosis 1.09 1.55 0.37 1.9 0.38 —0.60 1.07

TP <0057 p<001.

Additionally, the independent samples f-test indicated a difference regarding the
depression variable [t (1177) = 15.75, p < 0.001].

Descriptive analyses highlighted BDI scores greater than 10, that is, the cut-off point
for identifying a mild mood disorder in women (M = 12.8; SD = 1.6) but not in men (M = 4.6;
SD =5).

Based on the results obtained from the correlations, and from the literature, mediation
models were developed in which the relationships between personality factors, fear of
COVID-19, and depressive symptoms were analyzed.

The mediation hypothesis was examined by testing the significance of the indirect
effect of fear of COVID-19 on depressive symptoms.

The results of the mediation analyses performed with Hayes” procedure [33] are
presented in Figure 1 below.

Fear of Covid-19

Neuroticism »  Depression
b=0.22%*

Figure 1. Mediation model.
The results demonstrated that neuroticism predicted a fear of COVID-19 (f = 1.77,
** p =0.001), as well as depression (3 = 0.22, ** p = 0.002). The mediator, fear of COVID-19,

also significantly predicted (3 = 0.12, ** p < 0.001) the depression variable. In conclusion, the
mediation test indicated that neuroticism directly influenced depression (p = 0.002), and the
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effect of the mediator, fear of COVID-19, was also significant (SE = 0.016, 95% CI = [0.02, 0.08]).
However, no total effect of the model was found to be significant (p = 0.96).

4. Discussion

The results of the observational study have demonstrated that a fear of COVID-19
is significantly correlated with neuroticism and the personality trait of agreeableness.
The correlation between fear of COVID-19 and neuroticism aligns with the literature in
the field, which indicates that this personality trait is more closely associated with the
presence of anxiety disorders, depression, and generally a lower level of satisfaction with
one’s quality of life [34-36]. Other studies that have examined different variables and
sample characteristics have reported strong associations between neuroticism and various
mental health problems, thereby highlighting how this personality trait is a significant risk
factor, even in non-pregnant populations [37]. Indeed, as is known, personality traits are
predictors of significant health outcomes as they also affect physical illnesses and influence
an individual’s mental health [38]. Thus, as supported by other studies in the literature,
having a personality with high levels of neuroticism increases the fear of COVID-19 [39],
and this was also detected in a predictive sense. On the other hand, the correlation between
fear of COVID-19 and agreeableness is inconsistent with studies in the literature [40,41],
which suggests that this personality trait corresponds to a greater acceptance of the changes
imposed by COVID-19, in addition to the presence of less dysfunctional behaviors.

It could be hypothesized that, in the sample examined, being willing and open to
meeting others (a characteristic typical of individuals who report high levels of agreeable-
ness) may increase the perception of a greater fear of social contact, which is so central in
the organization of their personality. Furthermore, results from other recent studies have
suggested that individuals with high levels of agreeableness (in particular) have tended
to comply more with government rules and recommendations to combat COVID-19 [42].
These data may also be supported by the correlation between agreeableness and a fear
of COVID-19.

A significant finding supported by studies in the literature is the correlation between
fear of COVID-19 and depression [43—45]. Indeed, many research paths have supported
the study’s results. Indeed, a fear of COVID-19 has been positively correlated with mental
health consequences such as depression, stress, and anxiety symptoms, indicating that the
higher the FCV-19S score, the higher the level of mental health issues such as depression [46].
Cikrikgr et al. [47] have shown that the fear of illness and infection can lead to depression,
anxiety, and stress in some people. In a similar vein, Huang and Zhao [48] have observed
that many individuals experienced moderate-to-severe levels of depression, anxiety, and
stress during the initial phase of the COVID-19 pandemic. Yet, another study described
the positive relationship between anxiety, stress, depression, intolerance to uncertainty,
FCV-19S, and positivity, finding mediators. This research indicated a statistically significant
positive correlation between FCV-19S and depression, intolerance to uncertainty, anxiety,
and stress [49].

Equally significant is the difference between the mean scores of men and women
regarding the scores reported on the BDI; women displayed higher scores, indicating,
according to the scoring provided by the psychometric tool, the presence of a mild mood
disorder. This finding is also supported by already published studies which emphasize
how depression is the condition most widespread among infertile women [50], compared
to men who report lower scores [51,52].

There are many studies in the literature regarding degrees of depression because
depression is a widespread condition and it is often related to infertility [50,53]. At present,
depression is the most frequently diagnosed psychiatric condition worldwide [54,55]. More-
over, even after treatments with assisted reproduction techniques, couples sometimes fail to
overcome the feelings of mourning and loss associated with infertility [56]. Additionally, it
is important to highlight that infertility also contributes to the risk of depression. According
to Nik Hazlina et al. [57], women experiencing infertility are 1.4 times more likely to suffer
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from depression. This indicates that infertility elevates the risk of depression. Therefore,
this finding should be considered a guiding factor for clinical and research interventions.

Of greater significance is the average score reported by women on the BDI (>10),
which highlights the presence of a mild mood disorder, suggesting clinical indications
regarding the intervention to be made with these women. Indeed, even regarding couples
undergoing their first attempt of ART, health professionals should bear in mind these
clinically significant data and particularly consider the emotional aspect of the infertility
condition, often omitted in the gynecology department [58,59].

Moreover, the mediation analysis revealed how neuroticism predicted a fear of COVID-
19, as well as having a significant effect on depression. Neuroticism is a personality trait
which was originally defined to include anxiety, emotional instability, worry, tension, and
self-pity. This negative affectivity can be accompanied by a pervasive perception that the
world is a dangerous and threatening place, along with beliefs about one’s inability to
manage or cope with difficult events [60]. In agreement with previous studies [24,61,62], the
results confirmed Taylor’s [63] prediction that individuals with a high level of neuroticism
are vulnerable to significant discomfort during pandemics because they are sensitive to
stress and infection threats. Thus, having a personality with high levels of neuroticism can
predict a real fear of COVID-19.

The role of neuroticism as a predictor of depression is also supported by the literature
in this field [64,65]. Such studies suggest, for example, a relationship mediated by the
environment between neuroticism and depression. This personality factor interacts with
stressful life events, triggering new episodes of depression at young and more advanced
ages [66,67]. Similarly, the pandemic can be understood in this sense as a definitively
stressful life event, which, in addition to predicting the depression variable, permits the
results obtained from the mediation model within the considerations already made by
studies in the literature. A note of caution is that although these direct and indirect
relationships in the mediation model are significant (with some aligning with the existing
literature), the fact that the total effect of the mediation model is not significant suggests
the need to consider other variables not examined in this study in order to explain the
relationship between neuroticism and depression, with a fear of COVID-19 as a medjiator.

5. Conclusions

The study has highlighted how the well-being of infertile couples can be significantly
compromised by certain personality traits and the potential presence of depression, es-
pecially during global emergencies such as the COVID-19 pandemic. Some correlations,
such as the relationship between neuroticism and a fear of COVID-19, are supported by the
current literature. Other innovative findings have also been highlighted in this study; for
example, the correlation between agreeableness and a fear of COVID-19 diverge from the
current literature in the field.

The presence of mild mood disorders in the average scores of infertile women un-
derscores the importance of addressing the well-being of these patients from their initial
consultation regarding ART services. This suggests a shift in clinical practice which should
focus not only on addressing infertility itself but also on empowering infertile women
psychologically by leveraging their resources. In addition, and as highlighted by the medi-
ation model, certain personality traits, such as neuroticism, are effective predictors of the
fear of COVID-19 and the presence of depressive symptoms. Similarly, the authors of this
study noted that perceiving an intense fear of COVID-19 predicted significant depression.
However, while these individual relationships are significant, the total impact of the model
cannot be said to be significant, indicating that the mediation model is not fully explained
by the variables examined. This suggests that the study may have required the elaboration
of additional variables.

The consequences of this study may have an impact on various fields, including
clinical practice, future research, and the understanding of psychological dynamics in
healthcare emergencies. The finding that neuroticism is a strong predictor of depression
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and a fear of COVID-19 highlights the importance of assessing personality traits in the
psychological evaluations of patients. Mental health professionals may find it efficacious
to implement more targeted screenings and personalized interventions in addressing
symptoms of depression and anxiety, especially in emergency contexts such as pandemics.
The presence of mild mood disorders among women suggests the need for additional
psychological support, even during the initial consultation with assisted reproduction
services. Specialists in the field might consider integrating psychological interventions into
treatment protocols to improve the overall well-being of patients.

Finally, the insignificance of the overall effect of the mediation model suggests that
other variables might influence the relationship between neuroticism, a fear of COVID-19,
and depression. Future research could explore additional confounding or mediating factors,
such as social support, resilience, or past trauma experiences. Since the mediation model
did not demonstrate a significant effect on the mental health of patients, longitudinal
studies tracking participants over time could provide further insights into how these
relationships evolve and impact on mental health.

In light of the considerations presented in this paper, infertility in couples can be
said to be a heterogeneous condition, with great variability. Studying the personalities
of men and women who access ART services, and the potential impact of depression,
are undoubtedly variables of primary importance when dealing with infertility. This is
particularly relevant if studies can promptly increase the quantity and quality of evidence-
based clinical interventions. Of the limitations of this study, the lack of a variable with
which to measure anxiety should certainly be highlighted; such an inclusion may have
clarified the relationship between neuroticism and depression.
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Abstract: Objectives: Pregnant women are considered a high-risk group because they may be
particularly susceptible to COVID-19. Our study tried to relate fetomaternal outcomes and trimester-
specific infection. Methods: A prospective study on 224 pregnant women with confirmed antenatal
infections at a tertiary hospital. Data from the antenatal clinic records, admission files, labor ward and
neonatal notes, lab results, respiratory consultations, and ICU admission were analyzed using Jamovi
2.2.5, with p < 0.05 indicating significance. Results: A total of 224 patients were included—10, 32, and
182 patients were diagnosed in the first, second, and third trimesters, respectively. Neonatal NICU
admissions were significantly higher among those with infections in the third trimester compared
to those in the first trimester (p = 0.008). Significant differences in Apgar scores at 1 and 5 min
emerged between the second and third trimesters (p = 0.014 and p = 0.037, respectively). However,
no significant differences were observed in Apgar scores between the first and second trimesters
(p =0.341, p = 0.108) or the first and third trimesters (p = 0.545, p = 0.755). Complications of pregnancy,
including maternal mortality and various conditions (respiratory, obstetrical, sepsis, DIC), neonatal
outcomes, ICU admission, and cesarean section indications, showed no significant differences related
to the trimester of infection (p-values: 0.989, 0.892). Study limitations include sample size impacting
generalization, higher COVID-19 cases in the third trimester than other trimesters, and potential
historical data availability and accuracy issues. Conclusions: In the third trimester, COVID-19
caused more neonatal ICU admissions than the first trimester, with lower Apgar scores at 1 and
5 min compared to the second trimester, indicating an increasing susceptibility and vulnerability to
COVID-19 infection with an increasing pregnancy age. Other fetal and maternal outcomes showed
no significant differences in infection timing.

Keywords: COVID-19; fetomaternal; outcome; pregnancy; trimester

1. Introduction

The coronavirus disease 2019 (COVID-19) is caused by a single-stranded RNA-enveloped
virus, which causes a wide range of symptoms with an incubation period varying from 2 to
12 days.

It began in Wuhan, China, in December 2019, and since then, the number of confirmed
cases and associated mortality and morbidity have increased rapidly. By 12 March 2020,
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the World Health Organization (WHO) classified the outbreak as a pandemic [1]. This
pandemic negatively affected many people, including pregnant women and their fetuses,
increasing the maternal death rates from 5.17 per 100,000 pregnancies in the year prior
to the pandemic to 8.69 fatalities per 100,000 during the pandemic [2]. There were also
nationwide lockdowns, disruption of healthcare services, and fear of attending healthcare
facilities that affected the well-being of pregnant people and their babies, thus increasing
maternal mental health issues and rates of stillbirth and preterm birth, especially in low-
and middle-income countries [3,4].

1.1. Physiological and Immunological Vulnerabilities of Pregnant Women to COVID-19

Pregnant women are considered a high-risk group because they may be particularly
susceptible to COVID-19 due to the physiologic changes of pregnancy involving the car-
diorespiratory system in which the enlarged uterus raises abdominal pressure and lifts the
diaphragm. Also, hormonal changes increase the subcostal angle and outward expansion
of the rib cage while decreasing chest wall compliance, leading to “physiologic dyspnea”
in many pregnant women and decreasing functional residual capacity, resulting in com-
pensatory respiratory alkalemia. This change can shift the oxygen dissociation curve to
the right, which is beneficial in transferring oxygen to the fetus but may hinder respiratory
function in pregnant women with pulmonary complications resulting in altered response
to COVID-19 infection in pregnancy, with the third trimester being the riskiest because the
heavily pregnant uterus compresses the lungs more than in early pregnancy [2,5].

Another system is the immune system; pregnancy is an immunologically vulnerable
period because of the dilutional anemia that happens in 38% of pregnant women, leading
to reduced blood oxygen content, prioritizing vital organs like the heart and brain over
immune organs, potentially compromising immune function. Also, hormonal changes,
particularly human chronic gonadotropin and progesterone, modulate immune responses
and fetal tolerance. These factors result in placing pregnant women at risk for more severe
illness and complications from infections [5].

1.2. Impact of COVID-19-Induced Cytokine Storm on Fetomaternal Outcomes

It has been reported that COVID-19, especially in severe cases, can lead to a cytokine
storm. Additionally, pregnant women in their first and third trimesters of pregnancy are in
a pro-inflammatory state due to the complex interaction between the immune system and
sex hormones. Therefore, the cytokine storm induced by SARS-CoV-2 in these periods may
exacerbate the severity of the inflammatory state, potentially resulting in adverse obstetric
outcomes [5].

Even without a placental infection, raised inflammatory cytokines levels were seen
in the neonates” cord blood. It is still not obvious if these cytokines were fetal or maternal
in origin. Immune cells in cord blood were shown in research to exhibit higher cytokine
production in SARS-CoV-2-infected pregnancies [6].

1.3. COVID-19 Impact on the Placenta

Placental infection by COVID-19 appears to be uncommon. Even without placental
infection, CoVID-2-related inflammation and coagulation still occur and manifest most
commonly as thrombosis and fibrin deposition in the intervillous spaces [6]. COVID-19
increases the risk of thromboembolic complications in the general population, and while
pregnancy is, by itself, a hypercoagulable state with increased thrombin production and
an increase in intravascular inflammation, COVID-19 increases the risk of preeclampsia,
preterm birth, and other adverse pregnancy outcomes as an additive or synergistic risk
factor for thrombosis during pregnancy, leading to uteroplacental malperfusion. To avoid
these events, the RCOG recommended that all pregnant women admitted with confirmed
COVID-19 should receive prophylactic low-molecular-weight heparin (LMWH) [7,8].
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1.4. The Increased Risk of Complications Associated with COVID-19 during Pregnancy

Taking all of this into consideration, it is understandable why pregnant individuals
were found to be at a heightened risk of more severe symptoms than people who were
not pregnant. One study showed that the risk of adult respiratory distress syndrome and
acute renal failure was between 1.66 and 2.22 times higher in mothers with COVID-19
infections during pregnancy compared to those without [9], and also were more likely to be
admitted to an intensive care unit (4%), require invasive ventilation [10], need a C-section
(45.4 versus 32.4 percent), deliver preterm (26.9 versus 14.1 percent), die around the time of
birth, and experience postpartum hemorrhage [11]. Other recent studies concluded that
severe COVID-19 is strongly associated with preeclampsia, gestational diabetes, preterm
birth, and low birth weight [12].

1.5. Vertical Transmission and Breastfeeding Considerations in COVID-19

Fortunately, the rate of vertical transmission of the virus to the fetus transplacentally
reported in women with COVID-19 proved to be a minority, and most of the cases of
neonatal SARS-CoV-2 are due to postnatal infection [13,14]. This could be because the virus
is known to have a very low level of viremia, and the level of virus receptor expression in
the placenta that facilitates viral entry is very low [12].

In addition, breastmilk transmission was unlikely [3]. In contrast, when breastfeeding,
secretory IgA antibodies and other immunologically active substances in breast milk
are passed to the suckling infant, supporting their immature adaptive immune system.
Therefore, breastfeeding by infected mothers was encouraged [12].

1.6. COVID-19 Vaccination in Pregnancy: Safety, Efficacy, and Fetal Outcomes

In pregnancy, COVID-19 vaccine adverse events have not been shown to be different
from those of the general population. In addition, no adverse outcomes were reported for
obstetric, fetal, or neonatal patients [12]. On the contrary, they found that severe compli-
cations, such as critical care admission, stillbirths, and early neonatal deaths, were more
common in those who were unvaccinated compared with those who were vaccinated [15]
and that there is 89% vaccine effectiveness against COVID-19 hospitalizations when given
during pregnancy [2]. As for the effect of vaccination on fetal outcomes, it was found that
the risk of infant hospitalization for COVID-19 up to 4-6 months of age could be reduced
by 30-70% by vaccinating pregnant women [12].

2. Methods and Population
2.1. Study Population

Pregnant women who have had a confirmed COVID-19 infection by nasopharyngeal
swab(s) at a University Hospital in the period February 2020-August 2022. These women
were infected in different trimesters of pregnancy.

2.2. Follow-up

They were followed from the time of infection until 6 weeks postpartum. They were
assessed regarding hospitalization due to the infection and/or its complications, sepsis, death,
respiratory complications, disseminated intravascular coagulation (DIC), ICU admission,
antenatal clinic visits, miscarriages, preterm deliveries, development of pre-eclampsia, in-
duction of labor, mode of delivery, indications for cesarean sections (CS), complications of
delivery, intrauterine growth restriction (IUGR), stillbirths, neonatal intensive care unit (NICU)
admission and its outcome, and breastfeeding practices in these women.

2.3. Data Collection and Sources

The obstetric outcomes were obtained from the antenatal clinic and admission notes,
labor ward data, postnatal clinic notes, or admissions. The respiratory variables were
obtained from respiratory consultations and interventions, anesthesia notes and the inten-
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sive care unit admissions notes. The fetal variables were obtained from the nursery and
neonatal intensive care unit notes and neonatologists’ notes.

2.4. Inclusion and Exclusion Criteria

The inclusion criteria included all those who had a confirmed infection and completed data.

The exclusion criteria included women with multiple pregnancies, those with sus-
pected but not confirmed infections, those with chronic underlying medical disorders, and
those with missing data.

2.5. Ethical Considerations and Registration

Ethics approval for this study was obtained from the institutional review board (IRB)
at Jordan University Hospital (Decision number 307/2020, dated 29 December 2020). The
study involved a prospective review of obstetric, medical, and respiratory clinical data and
notes collected over a specified period. As the data did not include any personal, individual,
or identifying information, written informed consent was not required. Throughout the
study, all information was anonymized, and strict measures were implemented to ensure
participant confidentiality. No identifying data will be shared.

The study was registered in clinicaltrials.gov with a ClinicalTrials.gov Identifier:
NCT04869202.

This study has been reported in line with the STROCSS criteria [16].

2.6. Statistical Analysis

Data were entered into and analyzed using Jamovi 2.2.5. p < 0.05 was considered
significant. Data was assessed for normality using Kolmogorov-Smirnov test.

Descriptive analysis was applied to calculate the frequencies and percentages for
categorical variables and the means (standard deviations) and medians (interquartile
ranges) for continuous variables according to the normality of distribution.

The Chi-squared (2) test was used to test for association between categorical variables.

The Mann-Whitney test was used to find if there are significant differences in gesta-
tional age at delivery, birth weight, and Apgar scores between first and second, first and
third, and second and third trimesters.

The Kruskal-Wallis test was used to examine the differences in Apgar scores and birth
weight and gestational age (GA) at delivery in relation to the trimester in which the patient
became infected.

2.7. Definitions

Preeclampsia is characterized by new-onset hypertension after 20 weeks of gestation, de-
fined by a systolic blood pressure of 140 mm Hg or more or diastolic blood pressure of 90 mm
Hg or more on two occasions at least 4 h apart or more severe values (diastolic > 110 mm Hg
or systolic > 160 mm Hg) [15].

Fetal death, according to the United States Center for Health Statistics, is the delivery
of a fetus showing no signs of life, regardless of pregnancy duration. Stillbirth is defined as
fetal death at or beyond 20 weeks gestation or with a birth weight of 350 g or more, aiming
to standardize definitions [17].

Early pregnancy loss is now described using terms like “miscarriage” or “intrauterine
pregnancy loss” for pregnancies lost before 20 weeks gestation, reflecting a shift toward
clearer and less stigmatized terminology in medical practice [18,19].

The aim of this study is to assess the fetomaternal outcomes of pregnancies complicated
by COVID-19 infection according to trimester at diagnosis in a tertiary university hospital.

3. Results
3.1. The Study Population Demographics

The study’s significant contribution lies in its utilization of a distinct dataset sourced
specifically from Jordan. This unique dataset offers valuable insights that are contextually

73



J. Clin. Med. 2024, 13, 5262

relevant to Jordan, thereby enhancing the significance and applicability of the study findings
within this regional setting.

Among the participants, a total of 224 patients who had confirmed COVID-19 during
pregnancy were included. Most patients (182) were diagnosed in the third trimester.

A detailed description of the study population is shown in Tables 1 and 2.

Table 1. An overview of the means (standard deviations) and medians (interquartile ranges) according
to the normality of distribution and probability values for several variables in relation to trimester at
the time of diagnosis.

First Trimester Second Trimester Third Trimester p-Value
Age 32.4 (SD 5.19) 32.1(SD 5.14) 31 (IQR 27.75-35) 0.51
GA at delivery 38.1 (SD 1.10) 38 (IOR 36.25-40) 38 (IQR 36-39) 0.829
Birth weight 3.11 (SD 0.48) 2.85 (IQR 2.56-3.1) 3 (IQR 2.7-3.26) 0.304
Apgar (min 1) 8 (IQR 8-8) 8 (IQR 8-8) 8 (IOR 8-8) 0.017
Apgar (min 5) 9 (IQR 9-9) 9 (IQR 9-9) 9 (IQR 9-9) 0.037

p-value; probability value.

Table 2. An overview of the frequencies, percentages, and probability values for several variables in
relation to the gestational period at diagnosis.

N % First Second Third p-Value
(N =10) (N=32) (N =182)
Parity 224
Nulliparity 1 0.4% 0/10 0/32 1/182
Multiparity 152 67.9% 5/10 16/32 131/182
Grand multiparity 71 31.7% 5/10 16/32 50/182
Complications 39 p= 0989
Death 2 5.1% 0/1 0/7 2/31 p= 0762
Sepsis 2 5.1% 0/1 0/7 2/31 p= 0762
Respiratory 7 17.9% 0/1 0/7 7/31 p=0.333
Obstetric 16 41% 0/1 3/7 13/31 p=0.699
Neonatal 18 46.2% 1/1 5/7 12/31 p= 0.161
DIC 3 7.7% 0/1 0/7 3/31 p= 0.657
ICU 5 12.8% 0/1 0/7 5/31 p= 0477
NICU admission 224 p = 0.008
Dead 4 1.8% 0/10 3/32 1/182
Admitted to the o
NICU 58 25.9% 1/10 7/32 50/182
Not admitted to the o
NICU 162 72.3% 9/10 22/32 131/182
Indlcatlor}s Qf NICU 58 p= 0387
admission
Non-COVID-related 34 58.6% 0/1 5/7 29/50
COVID-related 24 41.4% 1/1 2/7 21/50
Mode of delivery 224 p= 0391
Normal vaginal o
delivery 112 50% 6/10 19/32 87/182
Cesarean section 112 50% 4/10 13/32 95/182
Indications qf 112 p= 0892
Caesarean section
IUGR 5 4.5% 0/4 0/13 5/95 p= 0.626
Oligohydramnios 1 0.9% 0/4 0/13 1/95 p= 0914
Maternal respirator o
conditign y 3 2.7% 0/4 0/13 3/95 p= 0759
Fetal distress 14 12.5% 1 3/13 10/95 p= 0326
Elective 89 79.5% % 10/13 76/95 p= 0.943
Breastfeeding 224 p= 0.604
Yes 175 78.1% 9/10 24/32 142/182
No 49 21.9% 1/10 8/32 40/182

N is the number of non-missing values. p-value—probability value.

3.2. Complications of Pregnancy

There was no significant difference in complications of pregnancy, including maternal
mortality, respiratory conditions (pneumonia, hypoxia, respiratory failure, pulmonary
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hypertension), obstetrical conditions (severe preeclampsia, oligohydramnios, gestational
hypertension, uncontrolled gestational diabetes, and placenta accreta), sepsis, DIC and
ICU admission in relation to the trimester in which the patient became infected (p = 0.989)
(Table 2). Perhaps the overall fetomaternal complications in our study were low because
we excluded patients with comorbidities such as hypertension, diabetes mellitus, lupus,
nephropathy, antiphospholipid antibody syndrome, and others.

3.3. Indications for CS

There was no significant difference in indications for CS, including elective, fetal
distress, IUGR, maternal respiratory conditions, and oligohydramnios, in relation to the
trimester in which the patient became infected (p = 0.892) (Table 2). A total of 86% of CS
was done under spinal anesthesia.

3.4. Neonatal Outcome

There was a significant difference in the neonatal admission to the NICU (p = 0.008) in
relation to the gestational period at diagnosis. The indications for these admissions were
divided into COVID-related and non-COVID-related categories.

3.5. Apgar Score

There were significant differences in Apgar scores at 1 and 5 min after birth in relation
to the trimester at which the patient contracted COVID-19 infection, with p-values of 0.017
and 0.037, respectively.

The percentages of infants with low Apgar scores (<5) at 1 and 5 min varied by
trimester: In the first trimester, 10% (1/10) had low Apgar scores at 1 min, and 0% (0/10)
at 5 min. In the second trimester, 12.5% (4/32) had low Apgar scores at 1 min and 6.3%
(2/32) at 5 min. In the third trimester, 2.2% (4/182) had low Apgar scores at 1 min and 0.5%
(1/182) at 5 min.

There was a significant difference in Apgar 1 and 5 between the second and third
trimesters (p = 0.014 and p = 0.037, respectively). However, there were no significant
differences in Apgar 1 and 5 between the first and second trimesters (p = 0.509, p = 0.321)
or the first and third trimesters (p = 0.480, p = 0.683) (Table 3).

Table 3. The probability values of comparing the trimesters in which the patient contracted COVID.

p-Value
Trimester at Time of Gestational Apgar (1 Apgar (5
. . Birth Weight Age at P& P&
Diagnosis A min) min)
Delivery
First Second 0.183 0.695 0.509 0.321
First Third 0.276 0.539 0.48 0.683
Second Third 0.299 0.877 0.014 0.037

p-value—probability value.

3.6. GA at Delivery and Birth Weight

There were no significant differences in GA at delivery or birth weight in relation to
the trimester in which the patient became infected with COVID-19; p-values are 0.829 and
0.304, respectively. The Mann-Whitney test revealed no significant differences in birth
weight and GA at delivery between the first, second, and third trimesters, as shown in
(Table 3).

4. Discussion

Many data and recommendations have changed regarding guidelines, virus profile
and administration of patients and pregnant women with COVID-19. All patients in our
study received one or another form of treatment ranging from nothing to decongestants
and antipyretics to the extreme situation of antiviral, steroids and ventilatory support.
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As there were very little data considering the effects of COVID-19 infection in relation
to the trimester of infection and a robust collection of maternal data by trimester of exposure,
including the periconception period, was required to determine these effects, we conducted
such a study.

4.1. Complications of Pregnancy and Maternal Outcomes

Infection during the third trimester poses a higher risk for ICU admission, critical
illness, mechanical ventilation, and death [20,21]. A recent study observed higher maternal
and fetal complications in women diagnosed in the third trimester with higher maternal
mortality rates and a greater frequency of pregnancy-induced hypertension compared
to other trimesters [22]. On the other hand, a study of 114 infected women discovered
that higher GA was protective against severe illness [23]. Our findings align with this
study, revealing that advanced gestational infection does not carry more adverse maternal
outcomes than early infection. Hypertension amplifies the risk of death in the third
trimester [24]. However, we excluded mothers with co-existing medical disorders such as
hypertension from our study to ensure consistency in the study population and rule out
contributing factors to adverse fetomaternal outcomes.

A study showed that women with active infections by the time of delivery had a
significantly higher rate of hospital admission for COVID-19 and ICU admission than the
recovered group [25]. We did not specifically study those cases with an active, symptomatic
intrapartum infection.

UK data showed that early pregnant women with COVID-19 represented a minority
of hospitalized pregnant women [21]. Maternal outcomes were favorable when infection
occurred in the first trimester, and women who experienced spontaneous abortion in the
first trimester had similar antibody prevalence to those with ongoing pregnancies [26]. The
minimal respiratory changes during this phase may explain this. However, first-trimester
infection could still lead to complications due to SARS-CoV-2 invasion of the placental villi
in subsequent weeks of gestation [27]. A study found that there was a higher proportion
of placentas from patients with COVID-19 in earlier gestations with evidence of placental
infection-associated features [6].

It was found in small case reports of COVID-19-infected pregnant women that no
miscarriages occurred in the first trimester of pregnancy and, in fact, they all were second
or third-trimester miscarriages [28]. Meanwhile, in asymptomatic pregnant women, the
COVID-19 environment did not appear to influence rates of first-trimester miscarriage [29].
On the other hand, research suggested that miscarriage was more commonly seen in
patients who became ill in the first trimester compared to the second trimester [20].

One study revealed a significant association between miscarriage and trimester at
diagnosis of infection but no significant association between stillbirth, pre-eclampsia, or
trimester at diagnosis [30]. Our study had the same result concerning stillbirth and pre-
eclampsia: we found no significant association between complications of pregnancy that
included maternal mortality, obstetrical conditions involving pre-eclampsia, ICU admission,
intrauterine fetal demise, and trimester at diagnosis (p = 0.989) (Table 2).

4.2. GA at Delivery and NICU Admission

Fetal loss during the first 24 weeks of gestation was due to several systematic in-
flammatory events, including the placenta with subsequent premature labor, rupture of
membranes, or placental insufficiency [31,32].

Among infants born to mothers who tested positive 0-14 days before delivery, more
were admitted to the NICU than those born to mothers who tested positive more than
14 days before delivery and were also born earlier [33]. We did not examine the impact
of infection timing in the third trimester on fetomaternal outcomes. Prematurity may be
due to maternal complications, intrauterine infection, the perceived need for early antiviral
treatment in the disease course [34], or it may be iatrogenic [35].
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Our study found no significant association between GA at diagnosis and GA at delivery,
as well as NICU admission, which is consistent with previous research [30]. However, we
did find a significant association between the trimester at diagnosis and NICU admission
(p = 0.008), which is an interesting finding. That could be explained by the fact that most
of the neonatal complications in COVID-19-positive mothers were due to prematurity and
not COVID-19 infection. A multicenter study showed that if mothers were admitted for
COVID-19 infection, their newborns had a higher risk of premature delivery [36]. Women
with COVID-19 infection in their third trimester had the highest frequencies of preterm labor
and are at higher risk of adverse outcomes [20,22], which increases the likelihood of NICU
admission. All these facts together could explain the results of our study, which found an
association between NICU admission and trimester at diagnosis.

There was a lack of information on the vertical transmission potential, resulting in
understandable anxiety among women and obstetricians, which in turn was reflected in the
high rates of preterm birth [21], which was similarly explained in our study. The evidence
inferred that vertical transmission of SARS-CoV-2 was rare [37]. In our study, the number
of neonates born to COVID-19-infected mothers was zero, and similarly, no cases of vertical
or horizontal transmission were found in another study [36]. The chance that congenital
anomalies were caused by COVID-19 was low [37].

A decline in the number of NICU admissions and neonatal resuscitations during the
pandemic was seen, which might have been explained by travel bans and strict measures
of infection prevention and control [38]. In our study, the indications for admission were
41.4% COVID-related and 58.6% non-COVID-related.

4.3. Apgar Score

Our study found that neonates whose mothers were diagnosed with infections in
the second trimester had significantly different Apgar scores at 1 and 5 min compared to
those diagnosed in the third trimester. However, there were no significant differences in
Apgar scores between the first and second or first and third trimesters. In a recent study, it
was observed that women with COVID-19 infection in the third trimester had the lowest
Apgar scores and highest in patients with COVID-19 infection in the first trimester [22].
We could not draw clear conclusions about the risk of low Apgar scores due to insufficient
evidence. It is possible that pregnant women experience a transition to a pro-inflammatory
state in the third trimester and an anti-inflammatory state in the second trimester. Given
the association of COVID-19 with cytokine storms, pregnant women infected during the
third trimester might exhibit reduced Apgar scores due to the heightened inflammatory
response, potentially impacting fetal health [5]. Contrary to expectations, there were no
significant differences in Apgar scores between the first and third trimesters, possibly due
to the small number of pregnant women diagnosed in the first trimester (1 = 10) compared
to the third trimester (n = 182). Larger studies are needed to establish the true association.

4.4. Birth Weight

The pathological placental features, including multiple villous infarcts, could result in
subsequent miscarriage or IUGR [32]. Placental hypoperfusion was associated with occlusive
fibrin deposition and non-occlusive thrombi [21,30]. The small for gestational age (SGA) risk
was found to be comparable across all trimesters [39]. Another study revealed that there
was no significant difference in birthweight, birthweight percentile, or rates of SGA infants
(5.95% in the active-infection group, which was low when compared to 8.75% in the recovered
group) [25]. Similarly, there was no significant association between IUGR and trimester at
diagnosis [30]. These findings were consistent with our study, as we did not find a significant
association between birth weight and trimester at diagnosis (p = 0.304).

4.5. Mode of Delivery

During the initial stages of the pandemic in China, 90% of infected women were
delivered by CS [36], which might indicate that obstetricians lack enough knowledge about
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the effects of COVID-19 on pregnancy or that cesarean was necessary because of worsening
maternal symptoms [35]. Those who required hospitalization had a high cesarean section
rate. Following current obstetric guidelines over time, indications for CS were gradually
reduced to scenarios with maternal or fetal compromise [36]. The rate of CS in our study
was 50%, with elective indications being the highest and oligohydramnios being the least.
Similar to our findings, there was no significant association between the mode of delivery
and the trimester of infection diagnosis [25].

4.6. Breastfeeding

WHO and CDC recommended the wearing of a facemask and continued breastfeeding
by infected mothers. While one study reported finding the virus in breastmilk one week
after delivery, two small studies found no molecular evidence of the virus in breastmilk [26].

Providing support to breastfeeding mothers was very important, as this infection was
a major cause of anxiety [35]. Fortunately, the rate of mothers breastfeeding in our study
was 78.1%. This might be partly due to the strong societal and cultural ties and partly to
the early widespread vaccination, which caused relatively mild infection in most cases and
decreased anxiety in pregnant women.

4.7. Limitations

There are some potential limitations to our study. It is a single-centered study. The
sample size of the study may be limited, potentially reducing the generalization of the
findings to a broader population. The number of pregnant women who became infected
with COVID-19 in the third trimester is much higher than in the second and first trimesters.
Lastly, there may be limitations in terms of the availability and accuracy of historical data.
This could introduce errors in the documentation of events and outcomes.

It is important to differentiate this kind of infection from other infections like ZIKA
VIRUS, considering the relatively recent discovery of this congenital infectious syndrome.
Further studies and updated long-term follow-up are needed [40]. In Jordan, termination of
pregnancy is totally prohibited and illegal unless the pregnancy is threatening the mother’s
life. In our hospital, there were no pregnancy terminations due to COVID infection, and
there was no evidence of vertical transmission [41]. In our hospital, we did not study the
different variants of the virus. The delta variant was found to be associated with more
adverse fetomaternal outcomes than other variants [42]. Around the same period of time
of our study;, it was found that there were moderate scores in COVID-19 vaccine hesitancy
among Jordanian pregnant women despite the current international recommendations for
its safety for women and their fetuses or neonates [43]. Moreover, it was found that about
a third of pregnant women were still hesitant about the vaccine, probably because of the
conflicting information [44].

5. Conclusions

In the third trimester, COVID-19 caused more neonatal ICU admissions than in the
first trimester, with lower Apgar scores at 1 and 5 min compared to the second trimester,
indicating an increasing susceptibility and vulnerability to COVID-19 infection with an
increasing pregnancy age. Other fetal and maternal outcomes showed no significant
differences in infection timing.
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Abstract: Background: We investigated the expression of inflammation, placental development,
and function markers, including cluster of differentiation 44 (CD44), osteopontin (OPN), and
cyclooxygenase-2 (COX-2), to shed light on the controversy regarding the impact of the COVID-19
epidemic on fetal development and pregnancy outcomes. Methods: We immunohistochemically
analyzed placental tissue from 170 patients (65 COVID-positive and unvaccinated women; 35 Pfeizer-
vaccinated and COVID-negative women; and 70 COVID-negative and unvaccinated women, without
any other associated pathology) for particularities in the expression of these three molecules. Results:
CD44 expression was highest in COVID-negative and unvaccinated women, moderate in COVID-
positive cases, and lowest in vaccinated and COVID-negative women. OPN expression was highest
in COVID-negative and Pfeizer-vaccinated cases, moderate in COVID-negative and unvaccinated
cases, and lowest in COVID-positive cases. COX-2 expression was increased in COVID-negative and
unvaccinated women, modestly elevated in COVID-positive and unvaccinated cases, and lowest in
vaccinated cases. Conclusions: These findings reflected an alteration in the placental structure and
consequent function due to altered expression of the three studied molecules.

Keywords: COVID-19; placenta; immunohistochemistry; diagnosis; SARS-CoV-2; Pfizer vaccine;
CD44; osteopontin; COX2

1. Introduction

The impact of coronavirus disease (COVID) infection on pregnant women and their
infants is of particular interest to obstetricians, pediatricians, and patients [1]. In past
epidemics of emerging infections, the pathological analysis of placentas has proven to be
a highly informative technique for understanding the mechanism of transmission to the
fetus [2].

This infection manifests with a wide range of organ damage, resulting in a diverse
constellation of clinical conditions [3]. Human cell viral access is mediated by angiotensin-
converting enzyme 2 (ACE-2), receptors for which are abundant on the placental syn-
cytiotrophoblast, underlying a potential connection between the infection and altered
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placental function [4,5]. Although the pathophysiology is not yet completely understood,
there is evidence that the timeframe in which infection appears might play a crucial role in
maternal and fetal outcomes. Less mature placentas seem to be more vulnerable to certain
types of viral-mediated damage than mature placentas, due to the systemic inflammatory
response and hypercoagulation [6].

Cluster of differentiation 44 (CD44) is a widespread, well-known molecule that plays a
key role in many cell processes (regulation of vascular permeability, inflammatory response,
signaling pathways, cell activation, cell adhesion, cell migration, and cell-to-cell and cell-
to-matrix interaction). Hyaluronic acid (HA) is the intermediary for cell-to-cell and cell-
to-matrix CD44 interactions [7-9]. This molecule can exhibit other ligands as well, and
is capable of interactions with osteopontin, collagen, and matrix metalloproteinases. The
CD44 molecule seems to be involved in the stabilization and orientation of the HA grid,
both of which are essential in maintaining the placental integrity in normal pregnancy [8,9].

Osteopontin (OPN) is another important CD44 counterpart. It is a major non-collagenous
bone matrix protein that is involved in both normal and pathological calcification processes,
and also in angiogenesis via CD44 and integrin interactions [10,11]. In the placenta tissue,
this effector molecule is expressed by the cytotrophoblasts of chorionic villi, augmenting
both ion and nutrient transport [12]. Although osteopontin expression is only present in
immature tissue, it becomes visible in a series of processes such as wound healing and
pathological calcification (atherosclerosis, breast cancer, and renal stones) [10].

As a part of the cyclooxygenase (COX) family, cyclooxygenase-2 (COX-2) is the base en-
zyme responsible for the synthesis of prostaglandins from arachidonic acid. Its involvement
in angiogenesis, by promoting the proliferation of vascular endothelial cells, inhibiting
inflammation, and cell apoptosis, has been acknowledged. It has been demonstrated that
abnormal COX-2 levels are associated with ovulation failure, infertility, and implantation
disorders [13]. It is an important marker for decidualization, and is highly expressed
around the embryo invasion site [14].

The study of CD44, OPN, and COX-2 expression in placental tissue might provide
valuable insights into the effects of COVID infection and vaccination during pregnancy.
Each marker plays a distinct role in cellular processes and immune responses, making
them crucial for understanding placental pathology under different conditions. Our goal
was to evaluate CD44, OPN, and COX-2 expression in three groups of pregnant women
(healthy and unvaccinated, COVID-positive and unvaccinated, and COVID-vaccinated
and COVID-negative) to assess possible physiopathological pathways for the alterations in
placental architecture consecutive to inflammatory responses, which may be influenced by
viral infections or vaccine-induced immune modulation.

2. Materials and Methods
2.1. Patients and Tissue Samples

The study period was from January 2021 to January 2023. All of the patients provided
written informed consent. The study was by the Ethics Committee of the University of
Medicine and Pharmacy “Lucian Blaga”, Sibiu (1442/19.03.2024) and of the Obstetrics and
Gynecology Hospital “Cuza-Voda” in lasi, Romania (10426 /24.08.2021 and 19/04.08.2023).

Specimens were collected from women who gave birth at term without complications,
associated disease, or chronic treatment (toxoplasma, rubella, cytomegalovirus, herpes
with no acute infection detected; hepatitis B and C, HIV, and syphilis-negative women).
Formalin-fixed, paraffin-embedded tissue samples were collected from pregnant women
who gave birth at the Obstetrics and Gynecology Hospital “Cuza-Voda” in Iasi.

The pregnant women were divided into three groups: COVID-positive and unvac-
cinated women, COVID-negative and vaccinated women, and COVID-negative and un-
vaccinated women. The COVID-positive and unvaccinated group included asymptomatic
women, with the disease detected anytime during pregnancy but at least 14 days before
birth. The diagnosis of COVID positivity was established using Polymerase Chain Reaction
(PCR) testing. The second group included Pfeizer-vaccinated women, with the first or sec-
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ond dose administered at least 14 days before birth, who never tested positive for COVID
during the pandemic, and with a negative rapid COVID test confirmed every three weeks
during pregnancy. The control group included COVID-negative and unvaccinated women
who gave birth at term without any complications or associated pathology (all the women
included in the third group had not tested positive during the pandemic until inclusion in
our study, and had negative rapid COVID tests every three weeks during pregnancy).

Exclusion Criteria

Women with obstetrical and/or other medical complications were excluded from our
analysis. Patients with COVID infection at the time of giving birth; malignancy; depres-
sion; genetic syndromes; infectious or autoimmune diseases; pre-existing or gestational
diabetes; hypertension and its complications, such as preeclampsia; premature rupture
of membranes; oligohydramnios; intrauterine growth restriction, defined as ultrasound
estimated fetal weight less than the 10th percentile for gestational age; chorioamnionitis;
and smoking were excluded.

2.2. Immunohistochemistry

We collected four tissue samples from each placenta, one for each of the four quadrants.
Hematoxylin and eosin (H&E) sections were examined, and immunohistochemistry (IHC)
was evaluated by two pathologists. IHC staining was performed on formalin-fixed, paraffin-
embedded tissues for immunohistochemistry utilizing monoclonal antibodies against
cluster of differentiation 44 (CD44), osteopontin (OPN), and cyclooxygenase-2 (COX-
2). Four-micrometer-thick serial sections were prepared in citrate buffer (pH 6) after
deparaffinization in xylene and rehydration in ethanol series. Endogenous peroxidase
activity was inhibited with 0.3% H,O; for 20 min at room temperature. IHC was used to
determine the expressions of CD44, OPN, and anti-COX2 using specific Abcam Company
dilutions for CD44 of 1:250 (catalog no. ab157107, Abcam, Cambridge, UK), OPN of
1:200 (catalog no. ab8448, Abcam, Cambridge, UK), and anti-COX-2 of 1:100 (catalog no.
ab15191, Abcam, Cambridge, UK), and were incubated overnight at 4 °C. The sections
were washed, exposed to the secondary antibody for 45 min at 37 °C, and cleaned with
phosphate-buffered saline (PBS). Hematoxylin was used as a counterstain in the standard
avidin-biotin—peroxidase technique, using a liquid DAB (diaminobenzidine) substrate
and chromogen system. Human jejunum served as a positive control for CD44, OPN,
and anti-COX-2.

All the placental samples were examined for CD44, OPN, and anti-COX-2 presence.
Positive cells (brown or yellowish-brown color in the nucleus) in the epithelial and stromal
compartments were considered CD44, OPN, and anti-COX-2 positive, regardless of staining
intensity or the number of positive cells.

2.3. Statistical Analysis

The data were imported into Microsoft Excel and analyzed in SPSS 24 (IBM Corp.
Released 2016. IBM SPSS Statistics for Windows, Version 24.0. IBM Corp., Armonk,
NY, USA). The descriptive statistics included sample size (N absolute and N% relative
frequencies), mean, standard deviation, and the 95% confidence interval for the mean,
quartiles, minimum, and maximum. Statistical hypothesis tests included nonparametric
tests like Kruskal-Wallis for three-sample and post hoc tests for two-sample comparisons
with Bonferroni-Dunn corrections. These were applied to the analysis of continuous
numerical variables. The Chi-square or Fisher exact tests were used for categorical variables.
Pearson’s correlation coefficient was used to evaluate the correlation between biomarkers.
A standard significance level of 0.05 was used.

3. Results

After applying the inclusion and the exclusion criteria, 170 pregnant women were
included in the study: 65 unvaccinated COVID-positive women in group 1, 35 vaccinated
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and COVID-negative women in group 2, and 70 unvaccinated COVID-negative women in
group 3. All of the COVID-positive study patients were asymptomatic. The ages of our
patients ranged from 18 to 39 years (Figure 1).

12,914 women admitted to give
birth between January 2021 until

January 2023
\
Group 1 Group 2 Group 3
65 unvaccinated COVID 35 Pfeizer vaccinated and 70 unvaccinated and
positive pregnant women COVID negative pregnant COVID negative pregnant
women women

Figure 1. Flow chart of our included cases.

All of the study patients were asymptomatic. None required supplemental oxygen
administration or admission to the intensive care unit. Laboratory testing, such as complete
blood count, inflammatory markers, and biochemical profile, was performed. Neonatal
outcomes, including birthweight, APGAR scores, and neonatal intensive care unit (NICU)
admissions, were similar between the three groups (Table 1).

Table 1. Clinical and demographic characteristics of the pregnant women.

Clinical and Demographic Characteristics of St. Percentile . Percentile . Kruskal-Wallis
the Women No. Mean Dev. 25 Median 75 Min Max p-Value
Negative and 70 28 4 27 29 31 19 34
unvaccinated
Maternal age (years) Positive 65 31 5 28 33 34 18 39 <0.001
Pfizer vaccinated 35 30 5 27 30 33 18 39
) Negative and 70 40 1 38 40 41 37 41
Gestational age at unvaccinated
delivery Positive 65 38 3 37 38 39 28 10 <0.001
(weeks)
Pfizer vaccinated 35 38 3 37 39 40 29 41
Negative and 70 3507 354 3260 3495 3670 2800 4490
. unvaccinated
Fetal weight 001
(grams) Positive 65 3237 536 2920 3300 3600 1980 4540 :
Pfizer vaccinated 35 3291 522 2920 3390 3650 1990 4570
Negative and 70 9 1 8 9 9 8 9
. unvaccinated
Apgar score at 1 min 0.67
(point) Positive 65 8 1 8 9 9 4 9 ’
Pfizer vaccinated 35 8 1 8 9 9 4 10
) Negative and 70 12.3 1.1 11.8 12.1 13.6 10.0 13.7
Hemoglobin unvaccinated
 antepartum Positive 65 122 08 119 123 125 9.7 134 0.76
(milligrams/ deciliter)
Pfizer vaccinated 35 12.3 0.9 119 123 13.0 9.8 14.3
Negative and 70 36.3 34 35.0 37.0 38.9 28.1 40.0
. unvaccinated
Hematocrit antepartum 0.578
(%) Positive 65 36.4 2.6 35.3 36.0 38.0 29.3 41.0 :
Pfizer vaccinated 35 36.8 29 35.3 36.9 38.8 28.1 421
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Table 1. Cont.

Clinical and Demographic Characteristics of No. Mean St. Percentile Median Percentile Min Max Kruskal-Wallis
the Women Dev. 25 75 p-Value
) Negative and 70 109 0.8 104 10.9 114 9.0 13.0
Hemoglobin unvaccinated
 postpartum Positive 65 110 0.9 104 110 116 8.9 128 0.61
(milligrams/ deciliter)
Pfizer vaccinated 35 11.1 08 10.5 11.0 11.6 9.7 129
Negative and 70 31.8 2.9 29.0 31.1 34.3 27.8 37.0
. unvaccinated
Hematocrite 0.52
postpartum (%) Positive 65 32.3 2.8 30.4 32.3 33.6 27.7 38.5 -
Pfizer vaccinated 35 324 28 29.9 325 343 275 375
Negative and 70 12,293 272 10,350 11,485 14,600 9900 16,500
unvaccinated
Leucocyte value 0.001
(10/L) Positive 65 10,186 2590 8280 10,120 12,100 5390 16,400 <U.
Pfizer vaccinated 35 10,936 2922 8320 10,350 12,280 5390 16,500
Negative and 70 220500 78,240 149,000 217,500 278,000 122,000 355,000
unvaccinated
6
Platelet value (10°/L) Positive 65 218523 63791 156,000 211,000 260,000 132,000 355,000 0.76
Pfizer vaccinated 35 227543 71222 156,000 218,000 278,000 135,000 360,000
) Negative and 70 312 152 2.00 275 410 090  10.00
CRP (C-reactive unvaccinated
_protein) value Positive 65 3.09 1.30 1.90 3.00 4.80 1.07 490 0.89
(milligrams/ deciliter)
Pfizer vaccinated 35 3.18 1.20 2.30 2.80 4.10 1.00 490

When examining the H&E sections, pathological changes were noted. In COVID-
positive and vaccinated women, we observed signs of inflammation, such as villitis or
intervillositis, increased fibrin deposition, and possibly microthrombi. These changes indi-
cated an immune response or vascular involvement associated with COVID. Conversely,
in non-COVID and unvaccinated women, the placenta showed typical histological features
without these specific inflammatory or vascular alterations (Figure 2A-C).

Figure 2. Representative histopathological changes in the placenta (HE). (A) COVID-19-positive
pregnant women: small, well-vascularized chorionic villi. Syncytial knots and intervillous fib-
rin (HEx10). (B) COVID-19-vaccinated pregnant women: chorionic villi, congestion, and fibrosis
(HEx20). (C) COVID-19-negative and unvaccinated pregnant women: different size of chorionic villi,

congestion, and area of fibrosis (HEx10).
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Strikingly, our analysis identified a more intensive CD44 expression on the surface of
placental connective tissue stroma within healthy unvaccinated placental tissue (Figure 3C,
Table 2). In placental tissues from COVID-positive pregnant women, we observed a more
subtle decrease in CD44 expression (Figure 3B, Table 2). Comparatively, CD44 expression
was the lowest in COVID-vaccinated placental tissues (Figure 3B, Table 2).

CD44

OPN

COX-2

Figure 3. Representative immunohistochemical analysis of CD44, OPN, and anti-COX-2 in tro-
phoblastic mononuclear cells. The arrows indicate positive staining. (A) COVID-19-positive pregnant
women (x20). (B) COVID-19-vaccinated pregnant women (x20). (C) COVID-19-negative and
unvaccinated pregnant women (x20). (D) COVID-19-positive pregnant women (x20). (E) COVID-
19-vaccinated pregnant women (x20). (F) COVID-19-negative and unvaccinated pregnant women
(x20). (G) COVID-19-posietive pregnant women (x20). (H) COVID-19-vaccinated pregnant women
(x20). (I) COVID-19-negative and unvaccinated pregnant women (x20).
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Table 2. CD44, OPN, and anti-COX-2 placental expression in our three groups of pregnant women.

CD44 (Cluster of Value OPN Value COX-2 Value
Differentiation 44) P (Osteopontin) P (Cyclooxygenase-2) P
Negative Positive Negative Positive Negative  Positive Total
COVID Count 23 42 <0.001 * 53 12 <0.001 * 4 61 0.295F 65
- % withi Positi . Positi . Positi X
positive Vi’;hm 354%  646% oo BL5%  185% ool 6.2% 938%  \oerinated  100.0%
Pfeizer Count 0 35 0.004 F 11 24 <0.001 * 0 35 All positive 35
Group L % within Vaccinated Vaccinated Vaccinated
vaccinated lot 0.0% 100.0% vs. negative 31.4% 68.6% vs. negative 0.0% 100.0% vs. negative 100.0%
Negative Count 14 56 0.045 * 56 14 0.82* 0 70 0.051 F 70
and unvac- % within o o Positive vs. o o Positive vs. o o Positive vs. o
cinated lot 20.0% 80.0% negative 80.0% 20.0% negative 0.0% 100.0% negative 100.0%
Count 37 133 120 50 4 166 170
Total ewithin 5189 782% 70.6%  29.4% 24% 97.6% 100.0%

lot

F—Fisher’s exact test. *—Chi-square test.

Furthermore, our analysis demonstrated an upregulation of OPN expression in the
placental tissues of COVID-vaccinated women, evident in both the epithelial and stromal
compartments (Figure 3E, Table 2). COVID-negative and unvaccinated women showed a
slight upregulation of OPN expression in placental tissues (Figure 3F, Table 2). In contrast,
the OPN expression in COVID-positive placentas was the lowest (Figure 3D, Table 2).
Surprisingly, both healthy and COVID-positive cases registered similar percentages of OPN
within the stromal and epithelial compartments of the trophoblast, suggesting a relatively
stable, non-inflammatory state. However, as reflected in the table above, a significant
proportion of the cases were OPN-negative, particularly among the COVID-positive and
healthy unvaccinated groups. The most notable difference was observed in the vaccinated
group, where the number of OPN-positive cases was double that of the OPN-negative
cases (Table 2).

In COVID-negative and unvaccinated placentas, we detected an increased expression
of anti-COX-2 in trophoblasts, decidua cells, and infiltrating immune cells. Following
COVID infection, anti-COX-2 expression was modestly elevated compared to its low
expression levels in vaccinated placentas, with no negative cases of anti-COX-2 in healthy
and vaccinated pregnant women (Figure 3G-I, Table 2).

The correlations between the biomarkers were relatively low, indicating a weak linear
relationship: 0.121 correlation between CD44 and OPN; 0.200 correlation between CD44
and COX-2; and 0.100 correlation between OPN and COX-2. The Cohen’s power analysis
computed 87 participants per group to detect a medium effect size with a significance
level of 0.05 and a power of 0.8. We used a simplified logistic regression model using
only the main effects the groups and CD44, due to limited data that made it difficult to
estimate the effects with accuracy. The results indicated that women from the vaccinated
group were significantly more likely to have a positive OPN expression compared to those
from the COVID-positive group, with no significant differences in OPN positivity between
the control group and the COVID-negative group, and without any significant impact
of CD44 positivity on the likelihood of OPN being positive. Fisher’s exact test results
for each biomarker across our group comparisons reinforced our results, indicating that
COVID vaccination is associated with a higher expression of CD44 and OPN, while COX-2
expression remains unaffected (Figure 4).

88



J. Clin. Med. 2024, 13, 5546

1.0
1.0 1.0
0.8
0.8 0.8
0.6
06 z 06
8 04 3
o4 0 Coa
0.2
0.2 0.2
- 0.0
: 0.0 0.2 0.4 0.6 0.8 1.0 0.0 i i i
0.0 0.2 0.4 0.6 0.8 1.0 08 0.0 0.2 0.4 0.6
D44 OPN

Figure 4. Scatterplots representing the correlations between our three biomarkers.

4. Discussion

A wide range of placental histopathologic abnormalities secondary to COVID infection
during pregnancy have been reported in the literature, with central findings represented
by vascular malperfusion and villitis. The fact that these placental alterations are present
regardless of the symptomatic or asymptomatic status of the pregnant women suggests
a direct viral causative effect. The presence of virions in the placental villis further sup-
ports this. A severe systemic inflammatory response and hypercoagulable state, with
widespread microthrombi, induced by COVID infection, are certainties [1,4,6,15]. Garg
et al., Debelenko et al., and Chen et al. described decidual arteriopathy, with utero-placental
insufficiency and consecutive hypoxia, accompanied by fibrinoid necrosis, increased syncy-
tial knots, and inflammatory villitis processes [5,16,17]. Information about placental injury
in COVID-asymptomatic women is scarce, so we investigated whether this viral infection
has a significant impact on cluster of differentiation 44 (CD44), osteopontin (OPN), and
cyclooxygenase-2 (COX-2) placental inflammatory markers. We investigated the expression
of these three key molecules in a placental study to clarify some of the ongoing debates
surrounding previous epidemics.

Often, secondary tissue hypoxia, together with widespread anemia in pregnancy in
our region, significantly decrease the oxygen transport capacity [18]. Although significant
therapeutic efforts are devoted to preventing and correcting anemia in pregnancy, a high
proportion of low hemoglobin levels in our entire cohort of pregnant women, regardless
of their infectious or vaccinated status, was still observed. Up-to-date evidence suggests
that COVID vaccination has a low impact on the placenta, without significant differences
compared to healthy subjects [19].

Routine blood analysis is also impacted by this disease. The most encountered al-
teration in COVID infection is lymphopenia with elevated neutrophil count levels [20].
Although frequently described in the literature, our study did not detect such changes.
This might have been due to the asymptomatic state of our patients, the small number of
cases, or unknown region particularities.

Despite the fact that the literature has often described a multitude of unfavorable
neonatal outcomes, our study only identified two: a lower birth weight and a lower gesta-
tional age at birth [3,20]. This was also reflected in the study by Maranto et al., 2023, which
noted a higher prematurity rate in COVID-positive women, especially in symptomatic
cases, with higher rates of delivery through cesarean sections in these cases [21], as in
our research. Icognito et al. conducted a study that revealed variations in maternal-fetal
severity of outcomes based on the COVID infection subtype. The findings highlighted
the significant impact of early subtypes, like Delta, in contrast to later subtypes, such as
Alpha and Omicron, with milder maternal—fetal impacts [22]. Maranto et al. underlined the
importance of COVID vaccination in this reluctant but very vulnerable obstetric population,
with the purpose of enhancing maternal-fetal outcomes [23]. Another aspect of interest to
researchers is the fact that cesarean section is associated in some studies with an increased
rate of neonatal secondary infection [24]. This was not observed in our results. Despite the
fact that all of our neonates were accommodated with their mothers, and all of them were
exclusively breastfed, none became infected. However, despite positive short-term fetal
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outcomes, we cannot exclude the possibility of long-term consequences arising from this
disease [25].

The interaction between CD44 and HA is important in angiogenesis, particularly in
the differentiation of endothelial cells, but also in their proliferation and migration [8,26].
This seems to play a central role, especially in the first trimester of pregnancy, with CD44
having a high degree of expression in almost every placental structure (decidua, syncytial
knots and bridges, fibroblast and muscle cells, and mucosal connective tissue) [8,27]. Our
results reflected an increased CD44 expression in COVID-negative unvaccinated pregnancy
placentas, suggesting that in these cases placentation evolves in a natural physiological
manner. The alterations in placental architecture and angiogenesis, consequent to COVID
infection and vaccination, are reflected by a more discrete presence of CD44 in the epithelial
and stromal compartments.

Another interesting aspect is the fact that placental first trimester macrophages, the
Hofbauer cells, with less accurate detected functions, secrete a number of placental angio-
genesis and remodeling molecules, such as OPN. OPN seems to be involved in implantation
and placentation, favoring the angiogenesis process [11,28]. Our results showed that the
majority of our pregnant women, regardless of group, had a negative expression of OPN
in their placentas. The rates of positive cases were similar between COVID-positive and
COVID-negative cases. This might have been secondary to our case enrolment process,
as we did not separately analyze cases with COVID in each trimester of pregnancy, and
perhaps more pronounced OPN positivity results from an early viral infection, with altered
placentation and Hofbauer cell function. However, COVID vaccinations administered
during earlier gestation led to subtle alterations in the proportion of OPN-positive cells,
with the number of positive cells nearly double the negative cells.

Increased COX-2 expression in tissues is related to an inflammatory response. This
molecule has a markedly low expression in normal tissue but dramatically increases in
some conditions, related to an inflammatory state [29-33]. COX-2 is a central player in
the human decidualization process, as a modulator of mitogenesis, differentiation, and
angiogenesis [33,34]. A deficit is linked to unfavorable pregnancy outcomes [30-32,35].
Our findings clearly underlined high COX-2 positivity in normal unaffected unvaccinated
pregnancies compared to COVID-positive or vaccinated cases. The downregulation of COX-
2in vaccinated cases, although subtler, might have been secondary to reduced inflammation
and immunomodulation due to the vaccine.

Zika infection shares many similarities with COVID but more seriously affects fetal
development due to its high tropism in trophoblastic cells, causing inflammation and
metabolic impairment with mitochondrial dysfunction. COVID infection has modestly
negative pregnancy outcomes, with severity varying depending on the viral subtype and
mother’s symptoms [18,36]. Despite this, research is still needed to fully understand the dis-
ease and better prepare for possible future pandemics. The significant differences between
the groups in the CD44 and OPN status suggested that vaccination may enhance certain
immune pathways, potentially offering greater protection or a more vigilant immune
state compared to natural infection or the unvaccinated state. This has implications for
understanding the long-term benefits of vaccination in terms of immune system activation.

Our study had limitations due to the limited number of cases and the lack of a separate
pregnancy trimester analysis. However, data from the literature remain scarce and we
believe that our results are meaningful. Further research is essential to fully elucidate the
implications of the expression of these markers and to confirm these findings.

5. Conclusions

The findings in this work reflected an alteration in the placental structure and conse-
quent function due to altered expression of the three studied molecules. We detected high
levels of CD44 and COX-2 expression in normal uninfected and unvaccinated pregnancies
as a result of the normal process of placentation, with downregulation of these molecules
in COVID-infected women and more subtle changes in vaccinated individuals. The OPN
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levels remained similar, potentially due to late pregnancy COVID infection with less af-
fected placentation. This underlines the need for closer obstetric monitoring due to a high
risk of unfavorable maternal and fetal outcomes.
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Abstract: Background: The trophoblast is a significant source of vitamin D synthesis during preg-
nancy, with the literature suggesting its role in fetal growth. We aim to underline a possible mech-
anism that would explain negative fetal outcomes in COVID-19-positive mothers by examining
the relationship between altered placental structure and function and throphoblast cells” vitamin D
receptor levels. Methods: The study included 170 placental samples collected from women who gave
birth at term without complications, divided into three groups: COVID-19-positive and unvaccinated,
COVID-19-negative and vaccinated, and COVID-19-negative and unvaccinated, with exclusion cri-
teria for any other medical complications. Immunohistochemistry (IHC) was performed to detect
vitamin D receptor (VDR) expression, and immediate fetal outcomes (weight and Apgar score) were
assessed. Results: We found lower gestational age at birth, lower birth weight, and reduced placental
VDR (vitamin D receptor) levels in COVID-19-positive women compared to COVID-19-vaccinated
and COVID-19-negative women. Conclusions: The presence of the vitamin D receptor in the placenta
is related to fetal and placental growth. Its deficiency may contribute to negative fetal outcomes in
COVID-19-positive cases.

Keywords: placenta; SARS-CoV-2; COVID-19; vitamin D receptor; immunohistochemistry; diagnosis;

Pfizer vaccine

1. Introduction

Coronavirus disease 2019 (COVID-19) is an acute respiratory illness caused by SARS-
CoV-2 infection [1,2]. COVID-19 infection can negatively impact various organs and
tissues, leading to diverse clinical manifestations [3]. Beyond respiratory symptoms,
it can impact gastrointestinal function; cause preeclampsia in pregnant women; affect
liver function; impair renal, cardiac, and male fertility function; and cause neurological,
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immune, and endocrine system dysfunction [4-6]. The virus accesses human cells via the
angiotensin-converting enzyme 2 (ACE-2), which is abundantly present on the placental
syncytiotrophoblast, suggesting a possible connection between infection and impaired
placental function [7,8].

The impact of COVID-19 on pregnant women and infants is of particular interest
to obstetricians, pediatricians, and patients [9]. Pregnancy increases the vulnerability to
severe forms of COVID-19 due to physiological changes, particularly in the cardiovascular
and immune systems. However, its impact on maternal and fetal outcomes remains a
topic of debate. There is evidence linking COVID-19 in pregnancy to complications such
as hypertensive disorders, preterm birth, fetal growth pathology, gestational diabetes,
increased neonatal intensive care admission, and stillbirth. Discrepancies in the literature
are further pronounced when considering the effects of different viral strains and the out-
comes for asymptomatic or mildly symptomatic pregnant women. There is also persistent
controversy about the vertical transmission of COVID-19 infection, either mediated by
angiotensin-converting enzyme 2, or through hypoxemia-injured placenta [10,11]. The
pathological analysis of placenta during past epidemics has been informative regarding
the resulting negative outcomes and the mechanisms of disease transmission to the fe-
tus. Extensive research has been conducted to explain the physiological and pathological
mechanisms of COVID-19, to limit its spread and consequences [12-14].

Vitamin D plays multiple roles in the human organism, including the development of
the reproductive axis, homeostasis, bone formation, and the modulation of both innate and
adaptive immune systems. It supports placental development and function by regulating
calcium transport, which is essential for pregnancy maintenance, and preventing a maternal
immune response against the embryo, playing a pivotal role in fetal growth and develop-
ment [15-17]. The literature is abundant in studies that relate low vitamin D serum levels
to the severity of the COVID-19 infection, underlining vitamin D’s well-known role in mod-
ulating the immune response, depending on the expression of its receptor [17-20]. From
the first trimester of pregnancy, the placental levels of vitamin D receptor (VDR) increase
significantly, underlining vitamin D’s importance in fetal development and placental phys-
iology, with some authors suggesting that it shows antimicrobial and anti-inflammatory
activity [21].

The available literature contains limited data on vitamin D levels in COVID-19-positive
pregnant women [20,22], with only one study by Moreno-Fernandez et al. evaluating
placental vitamin D levels [23], which prompted our study to try to clarify the connection
between COVID-19 infection and adverse obstetrical outcomes. We aimed to underline
a possible mechanism that would explain negative fetal outcomes in COVID-19-positive
mothers by examining the relationship between altered placental structure and function
and trophoblast cells” vitamin D receptor levels.

2. Materials and Methods
2.1. Patients and Tissue Samples

The study period was from January 2021 to January 2023. All of the patients provided
written informed consent. The study was approved by the ethics committees of the Uni-
versity of Medicine and Pharmacy “Lucian Blaga”, Sibiu (1442/19 March 2024) and the
Obstetrics and Gynecology Hospital “Cuza-Voda” in lasi, Romania (No. 10426/24 August
2021 and No. 19/4 August 2023).

Specimens were collected from women who gave birth at term without complications,
associated disease, or chronic treatment (for toxoplasma; rubella; cytomegalovirus; herpes
with no acute infection detected; hepatitis B or C; HIV; or syphilis).

The pregnant women were divided into three groups: COVID-19-positive and un-
vaccinated women; COVID-19-negative and vaccinated women; and COVID-19-negative
and unvaccinated women. Group 1, comprising the COVID-19-positive and unvaccinated
women, included asymptomatic patients, with the disease detected at any time during
pregnancy but at least 14 days before birth. The diagnosis of COVID-19 positivity was
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confirmed using Polymerase Chain Reaction (PCR) testing. The second group included
Pfizer-vaccinated women, with the first or second dose administered at least 14 days before
birth, who never tested positive for COVID-19 during the pandemic and achieved negative
results for all their rapid COVID-19 tests, which were taken every three weeks during preg-
nancy. The control group included COVID-19-negative and unvaccinated women who gave
birth at term without any complications or associated pathology (all the women included
in the third group never tested positive during the pandemic until inclusion in our study,
and had returned negative rapid COVID-19 tests every three weeks during pregnancy).

Exclusion Criteria

Women with obstetrical and/or other medical complications were excluded from our
analysis. Patients with COVID-19 infection at the time of giving birth; malignancy; depres-
sion; genetic syndromes; infectious or autoimmune diseases; pre-existing or gestational
diabetes; hypertension and its complications, such as preeclampsia; premature rupture
of membranes; oligohydramnios; intrauterine growth restriction, defined as ultrasound-
estimated fetal weight less than the 10th percentile for gestational age; or chorioamnionitis
and those who smoked were excluded.

2.2. Immunohistochemistry

We collected four tissue samples from each placenta, one for each of the four quadrants.
Hematoxylin and eosin (H&E) sections were examined, and immunohistochemistry (IHC)
was evaluated by two pathologists. IHC staining was performed on formalin-fixed, paraffin-
embedded tissues for immunohistochemistry utilizing monoclonal antibodies against
VDR. Four-micrometer-thick serial sections were prepared in citrate buffer (pH 6) after
deparaffinization in xylene and rehydration in ethanol series. Endogenous peroxidase
activity was inhibited with 0.3% H,O; for 20 min at room temperature. IHC was used to
determine the expression of vitamin D receptor (VDR) that was diluted at 1:3000 (catalog
no ab3508 Abcam, Cambridge, UK) and incubated overnight at 4 °C. The sections were
washed, exposed to the secondary antibody for 45 min at 37 °C, and cleaned with phosphate-
buffered saline (PBS). Hematoxylin was used as a counterstain in the standard avidin-biotin-
peroxidase technique, using a liquid DAB (diaminobenzidine) substrate and chromogen
system. Human jejunum tissue was used as a positive control.

One hundred and seventy placental samples were examined for VDR presence. Posi-
tive cells (with a brown or yellowish-brown color in the nucleus) in epithelial and stromal
compartments were considered VDR-positive, regardless of the intensity of staining or the
number of positive cells.

2.3. Statistical Analysis

Data were imported into Microsoft Excel and analyzed in SPSS 24 (IBM Corp. Released
2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY, USA: IBM Corp.).
Descriptive statistics included sample size (N), mean, standard deviation, standard error,
95% confidence interval, minimum, maximum, and absolute and relative frequencies. Non-
parametric statistical hypothesis tests, such as the Kruskal-Wallis test for 3 samples and
post hoc tests using Bonferroni-Dunn corrections for 2-sample comparisons, were applied.
These have been applied to the analysis of continuous numerical variables. Chi-square or
Fisher exact tests were applied for categorical variables. A significance level of 0.05 was
considered statistically significant.

Since we had small sample volumes, we performed a statistical power analysis using
the G*power 3.1.9.7 application. Post hoc power analysis was conducted based on the
sample sizes, the effect, and the type I error rate of « = 0.05. We simulated different scenarios
for real continuous variable hypotheses tests using the Kruskal-Wellis test, and also for
frequency comparisons with chi-square distribution. The power 1-f3 ranges between 0.09
and 0.93.
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3. Results

After applying the inclusion and the exclusion criteria, 170 pregnant women were
included in the study: 65 unvaccinated COVID-19-positive women in group 1, 35 vaccinated
and COVID-19-negative women in group 2, and 70 unvaccinated COVID-19-negative
women in group 3. All of the COVID-19-positive patients in the study were asymptomatic.
The ages of our patients ranged from 18 to 39 years.

All of the study patients were asymptomatic. None required supplemental oxygen
administration or admission to the intensive care unit. Laboratory testing, involving
complete blood counts, inflammatory markers, and biochemical profiles, was performed.
Neonatal outcomes, including birth weights, APGAR scores, and neonatal intensive care
unit (NICU) admissions, were similar between the three groups (Table 1).

Table 1. Distribution of included cases.

Group Frequency Percent Valid Percent  Cumulative Percent
COVID-19-positive pregnant women 65 38.2 38.2 38.2
COVID-19-vaccinated pregnant women 35 20.6 20.6 58.8
COVID-19-negative and unvaccinated pregnant women 70 41.2 41.2 100
Total 170 100 100
The unvaccinated pregnant women had a mean age that was 3 years lower than
that of the vaccinated women. When we analyzed our groups based on their urban or
rural provenance, we detected that in the COVID-19-positive group, 73% of the included
cases had urban residency, as did almost 69% from the vaccinated group, while in the
COVID-19-negative unvaccinated group, the distribution by residency was equal.
A significant positive correlation was observed between birth gestational age and
birth weight. The mean gestational delivery age in our three groups showed significant
differences: COVID-19-positive and COVID-19-vaccinated pregnant women had a lower
birth gestational age compared to the COVID-19-negative unvaccinated group (Table 2).
Another statistically significant difference between the three groups became evident when
analyzing the birth weights of the newborns, with children from the COVID-19-negative
and unvaccinated group having a higher birth weight compared to those born to vaccinated
or COVID-19-positive pregnant women. However, when we analyzed the immediate after-
birth statuses of the newborns as reflected by the Apgar scores, we found no significant
difference between the three groups (Table 2).
Table 2. Clinical and demographic characteristics of included women.
Sfli;:]i:;ler Demographic Characteristics No Mean DSetv Perczesntile Median Perc7e;1tile Min Max Kru;l-(\a]:uWeallis
Negative and 70 28 4 27 29 31 19 34
unvaccinated
Maternal age (years) Positive 65 31 5 28 3 34 18 39 <0.001
Pfizer-vaccinated 35 30 5 27 30 33 18 39
Negative and 70 40 1 38 40 4 37 4
(Gvfséfslf nal age at delivery Positive 65 38 3 37 38 39 28 10 <0.001
Pfizer-vaccinated 35 38 3 37 39 40 29 41
Negative and 70 3507 354 3260 3495 3670 2800 4490
Fetal weight unvaccinated oot
(grams) Positive 65 3237 586 2920 3300 3600 1980 4540 ‘
Pfizer-vaccinated 35 3291 522 2920 3390 3650 1990 4570
Negative and 70 9 1 8 9 9 8 9
unvaccinated
Apgar score at 1 min (point) Positive 65 s 1 s 9 9 4 9 0.67
Pfizer-vaccinated 35 8 1 8 9 9 4 10
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Table 2. Cont.

Clinical and Demographic Characteristics

St.

Percentile

Percentile

Kruskal-Wallis

of Women No Mean Dev. 25 Median 75 Min Max p-Value
Negative and 70 123 11 118 121 136 10.0 137
X unvaccinated
He'm.oglobm antgpartum — 0.76
(milligrams/ deciliter) Positive 65 122 0.8 119 123 125 9.7 134
Pfizer-vaccinated 35 12.3 0.9 11.9 12.3 13.0 9.8 14.3
Negative and 70 36.3 34 35.0 37.0 389 28.1 40.0
unvaccinated
Hematocrit antepartum (%) Positive 65 36.4 26 35.3 36.0 38.0 29.3 41.0 0.578
Pfizer-vaccinated 35 36.8 2.9 35.3 36.9 38.8 28.1 42.1
Negative and 70 10.9 0.8 10.4 10.9 114 9.0 13.0
. unvaccinated
Hemoglqu postpar- — 0.61
tum(milligrams /deciliter) Positive 65 11.0 0.9 104 11.0 11.6 8.9 12.8
Pfizer-vaccinated 35 11.1 08 10.5 11.0 11.6 9.7 12.9
Negative and 70 318 29 29.0 31.1 343 27.8 37.0
unvaccinated
Hematocrite postpartum (%) pogtive 65 323 2.8 304 323 33.6 27.7 38.5 052
Pfizer-vaccinated 35 32.4 2.8 29.9 32.5 34.3 27.5 37.5
Negative and 70 12,293 2272 10,350 11,485 14,600 9900 16,500
unvaccinated
s
Leucocyte value (10°/liter) Positive 65 10186 2590 8280 10,120 12,100 5300 16,400 <0.001
Pfizer-vaccinated 35 10,936 2922 8320 10,350 12,280 5390 16,500
Negative and 70 220,500 78240 149,000 217,500 278,000 122,000 355,000
unvaccinated
o
Platelet value (10°/liter) Positive 65 218523 63791 156000 211,000 260,000 132,000 355,000 0.76
Pfizer-vaccinated 35 227543 71222 156,000 218,000 278,000 135,000 36,0000
Negative and 70 3.12 1.52 2.00 2.75 4.10 0.90 10.00
) ) unvaccinated
CRP (C-reactive protein) value — 0.89
(milligrams/ deciliter) Positive 65 3.09 1.30 1.90 3.00 4.80 1.07 4.90
Pfizer-vaccinated 35 3.18 1.20 2.30 2.80 4.10 1.00 4.90

The serum infection/inflammation markers showed no statistical difference in CRP
values among the pregnant participants. However, pregnant women who were neither
infected with the virus nor vaccinated had significantly higher leucocyte values (Table 2).

When examining H&E sections, pathological changes were depicted. In COVID-19-
positive and vaccinated women, we observed signs of inflammation, such as villitis or
intervillositis, increased fibrin deposition, and possibly microthrombi. These changes indi-
cate an immune response or vascular involvement associated with the virus. Conversely, in
non-infected and unvaccinated women, the placenta showed typical histological features
without these specific inflammatory or vascular alterations (Figure 1A-C).

IHC analysis revealed differences in VDR expression among the three groups, with a
statistically significantly higher number of VDR-negative cases in tissue samples originating
from the placenta of COVID-19-vaccinated women (p < 0.001). The number of VDR-positive
cases was higher in non-vaccinated COVID-19-negative pregnant women compared to
COVID-19-positive and vaccinated ones (Figure 2A-C and Table 3).

Table 3. VDR status in our three groups of pregnant women.

VDR
Group B . Total p-Value
Negative  Positive
Count 29 36 65 0.044
COVID-19-positive pregnant women % within group 44.6% 55.4% 100.0% COVID-positive vs.

COVID-vaccinated
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Table 3. Cont.

VDR
Group - . Total p-Value
Negative  Positive

Count 23 12 35 <0.001
Pfizer-vaccinated pregnant women . 3

% within group 65.7% 34.3% 100.0% COVID-vaccinated vs. control
COVID-19-negative and unvaccinated Count 14 56 70 0.002
pregnant women % within group 20.0% 80.0% 100.0% COVID-positive vs. control

Count 66 104 170
Total e

% within group 38.8% 61.2% 100.0%

w . AR ) X9 () ;

Figure 1. Representative histopathological changes in placenta (H&E). (A) COVID-19-positive
pregnant women: small, well-vascularized chorionic villi. Syncytial knots and intervillous fibrin
(HE x 10). (B) COVID-19-vaccinated pregnant women: chorionic villi, congestion, and fibrosis
(HE x 20). (C) COVID-19-negative and unvaccinated pregnant women: different sizes of chorionic
villi, congestion, and area of fibrosis (HE x 10).

(A) (B) ©

Figure 2. Representative images—immunohistochemical visualization of VDR in mononuclear cells
of trophoblasts. (A) COVID-19-positive pregnant women (x20). (B) COVID-19-vaccinated pregnant
women (x20). (C) COVID-19-negative and unvaccinated pregnant women (x10).

4. Discussion

The COVID-19 pandemic had a profound socio-economic impact, resulting in signifi-
cant alterations to daily behavior and routine. It emphasized depression, underlining the
importance of assessing personality traits in patients for more effective health management.
The healthcare system was particularly strained, with increasing reports of heightened
patient admissions and hospitalizations, largely due to reduced outpatient services in
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both gynecology and obstetrics departments. In gynecology, the most common presenting
complaint was lower abdominal pain, alongside oncological emergencies. In addition to
the psychological stress associated with gynecological conditions, women were further
burdened by concerns over potential contagion. Similarly, obstetrics departments saw a
rise in emergency cases, accompanied by a decline in non-urgent cases, likely driven by
fears of infection [23-25].

A classification system for maternal, fetal, and neonatal COVID-19 infections was
proposed by Shah et al. [26]. According to this classification, virus detection by PCR or
electron microscopy using fetal or placental tissue, as well as the definitive or probable
maternal status, defines a confirmed congenital infection [26,27]. The placenta often has
a protective role, inhibiting the transmission of infectious agents from the mother to the
fetus [1]. Diverse maternal conditions, including morphological changes, can influence the
placenta’s function. For example, tissue hypoxia, a common adverse effect of COVID-19 that
is caused by a hypercoagulable state, together with anemia (an independent risk factor), can
lower the physiological capacity for oxygen transport when faced with increased demand,
such as in placental tissue [28]. Although there were no statistically significant differences
in hemoglobin and hematocrit levels among our three groups, the overall incidence of
anemia remains high in our region’s pregnant population. Therefore, we may assume that
anemia, as an independent risk factor, uniformly impacts all three included groups.

The immunocompromised state of pregnancy makes patients more susceptible to viral
respiratory infections, due to the attenuated immune response of the placenta. Hypoxia,
inflammatory activation, increased thrombotic events—secondary to COVID-19—due
to turbulent and slow blood flow, progressive rises in fibrin degradation products, and
decreased fibrinolysis may lead to adverse pregnancy outcomes due to pathological insult of
the placenta, whether acute or chronic (such as miscarriage, oligohydramnios, fetal growth
restriction, silent placental abruption, postpartum hemorrhage, unexplained stillbirth,
lower Apgar score, congenital viral syndrome, birth defect, preeclampsia, preterm birth,
cesarean section) [8,14,29-33]. These placental changes can be highly unpredictable and
subtle, varying with the severity of the disease and with the viral subtype, with early
variants of COVID-19 registering a more significant negative impact on maternal and fetal
outcomes compared to later viral subtypes, such as Omicron, making early detection and
intervention extremely challenging [32]. Therefore, vigilant antenatal and intrapartum
monitoring is essential in such cases [29,32], especially because many pregnant women
remain reluctant to undergo vaccination [34].

Our analysis did not reveal any alterations in newborn status besides a lower birth
weight in COVID-19-positive and vaccinated mothers, similar to results described in the
literature [31,32]. Lymphopenia with a higher neutrophil count has been associated with
COVID-19 infection in pregnant women compared to non-pregnant ones [35]. Our study
results reflected quite the opposite, with similar CRP levels among our three groups and
higher leucocyte values in the COVID-19-negative and unvaccinated groups. The source
of this inconsistency might be the low number of cases included in our research, due to
stringent inclusion and exclusion criteria, or perhaps due to some regional particularities.

The neonatal outcomes described were Apgar score, fetal birth weight, the need for
neonatal intensive care admission, and fetal demise. Immediately after birth, the Apgar
scores of and the three days spent in hospital by the newborns from our included cases
did not reveal any negative impact of the infection or vaccination on the newborns. No
fetal demise was detected, and there was no need for intensive care admission in our cases.
Despite the lack of negative impact on our newborns, the infection and multi-organ fetal
inflammation (including lung and kidney) produced by COVID-19 infection during early
pregnancy, described in the literature, should alert clinicians involved in the assessment
and management of pregnant women to possible fetal consequences and adverse perinatal
outcomes [27,36]. Even with a normal short-term outcome, long-term sequelae, such as
consequences for the neurodevelopment of newborns, cannot be excluded [30,33].
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Compared to placentas from non-infected unvaccinated pregnant women, there were
no significant differences in macroscopic and microscopic placental appearance, including
placental weight, abnormal cord insertion, and maternal or fetal vascular malperfusion.
However, because the majority of our analyzed placentas were not infected and the ma-
jority of neonates were negative for coronavirus infection, our findings largely came from
examining healthy placentas from uninfected fetuses, similar to those obtained by Schwartz
et al. [12]. Many authors have reported no definitive vertical transmission of COVID-
19, but the findings in the literature are inconsistent [1,3,37-39]. Additionally, limited
positive cases have been reported (mostly case reports or small case series) in the late
pregnancy stage with possible postpartum infections, with a rate of transmission ranging
from 0% to 9% [30]. Given the extensive literature supporting the benefits of vitamin D
supplementation in COVID-19-positive patients, particularly pregnant women, and the
well-documented adverse maternal and fetal outcomes associated with low vitamin D
serum levels, we sought to evaluate vitamin D status in such cases [40—42]. Assessing
serum vitamin D levels in a standardized manner poses serious challenges, as numerous
studies report conflicting results due to variations in quantification methods and the wide
range of factors influencing vitamin D levels [19,42]. To avoid these limitations, we focused
on detecting VDR expression in placental tissue, which may prove to be a more accurate
assessment of the impact of COVID-19 infection and vaccination on the levels of vitamin
D, an essential molecule with a critical role in placentation and fetal well-being [40-43].
Since both vitamin D and VDR levels fluctuate throughout pregnancy [19,40-43], we specif-
ically selected placentas only from women in their third trimester of pregnancy for our
IHC analysis.

To the best of our knowledge, apart from a single study by Moreno-Fernandez et al.,
which evaluated placental vitamin D levels [22], this is the first study to assess VDR
expression in placental tissue from COVID-19-positive, COVID-19-negative but Pfizer-
vaccinated, and COVID-19-negative and unvaccinated pregnant women. By focusing on
VDR rather than serum vitamin D, our study offers a novel approach to understanding how
COVID-19 infection and vaccination influence vitamin D pathways during pregnancy, with
potential implications for maternal and fetal health. Our results further support the well-
established fact that vitamin D supplementation is required in COVID-19-positive cases that
exhibit a depletion of this essential compound. Also, the fact that both COVID-19-positive
and Pfizer-vaccinated pregnant women revealed lower levels of placental VDR supports
this observation even further. Vitamin D supplementation increases VDR expression [28,40].
Thus, vitamin D supplementation might prove to be useful both during COVID-19 infection
and also after vaccination, with a potential to improve maternal and fetal outcomes.

The trophoblast is a significant source of vitamin D synthesis in pregnancy, with
the literature proving its role in fetal growth [40,41,43]. Vitamin D is involved in a wide
range of placental processes, being responsible for immune modulation and impacting
hormonal secretion at this level. Its receptor’s presence is also related to immune reactions,
as well as fetal and placental growth [40,41,43]. Therefore, our two main findings seem
to be related, with the lack of VDR expression impacting fetal growth, although in a non-
statistically significant manner. It is important to differentiate the effects of COVID-19
from causes of maternal and fetal malperfusion, such as preexisting pregnancy-induced
hypertension and disseminated intravascular coagulation during pregnancy [8], twin
pregnancy, smoking, and preeclampsia [19,43]. That is one of the main reasons for our
small number of cases—we used very strict inclusion and exclusion criteria to ensure the
accuracy of this study’s results.

According to Joshi et al., the placental abnormalities in their study were not related to
the symptoms or severity of COVID-19, with no correlation between maternal and fetal
disease characteristics [29]. Even with a normal fetal and maternal outcome, most of the
placentas (82.6%) presented signs of maternal vascular malperfusion, with features of fetal
vascular malperfusion in almost half of the cases [29]. This aspect underlines once more
the importance of studying the placenta’s structure and function in viral infections for a
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better understanding of their exact impact. Despite the fact that COVID-19 infection shares
similarities with Zika infection, without the same catastrophic fetal malformation effect, its
frequent silent and subtle alteration of the maternal—fetal unit might not be minor at all.
It is important to mention that we did not find any maternal symptoms or clinical details
that could predict abnormal placental findings in pregnancy complicated by COVID-19
infection [44]. The duration of COVID-19 infection is approximately 20 days, ranging
from 5 to 60 days, so the virus may reach and affect the placenta before delivery. This
means that the virus can be cleared and no longer be detectable in a placental specimen
obtained at childbirth [45]. On the other hand, infection in the late stage of gestation may
indicate no evidence of vertical trans-placental COVID-19 transmission, without significant
impact on the perinatal outcomes of newborns, in both mild and severe cases [1]. Another
important aspect to consider is that these studies included a heterogeneous population for
the timing of infection. A small series has reported that in cases of adverse outcomes, a
specific placentitis—characterized by trophoblast degeneration, intervillositis, and massive
perivillous fibrinoid deposits—has been identified, with similar findings observed in our
cases [30].

The limitations of the above-mentioned studies include limited sample sizes and the
fact that the asymptomatic forms of COVID-19 included cases with no mild, moderate, or
severe disease-affected patients. Also, our group sizes were unequal, with the imbalance
resulting in possible bias and impaired generalizability of the results. Our study only
focused on short-term fetal outcomes, with limited understanding of the long-term impact
of COVID-19 infection on children born from COVID-19-infected asymptomatic mothers.
As this is a single-center study, our findings may not be fully representative of other popula-
tions from other regions, highlighting the need for further research using a larger cohort to
better understand the exact pathophysiological mechanisms behind impaired fetal growth
and adverse pregnancy outcomes. Such insights could improve pregnancy management in
future epidemics. Another limitation is that we did not analyze or subdivide our COVID-
19-infected group based on their gestational age at the time of infection. We plan to expand
our research in this area to determine whether specific outcomes and VDR expression
are influenced by the timing of the infection during pregnancy, or by disease severity.
Also, we want to try to correlate vitamin D serum levels with placental VDR expression
and pregnancy outcomes in COVID-19-positive, vaccinated, and control groups, to obtain
more insights into the implications of vitamin D in pregnancy, in the context of COVID-19
infection. We also evaluated additional placental markers related to immune response,
structure, and function in another study we performed on vaccinated COVID-19-positive
and unvaccinated COVID-19-negative women, to explore potential pathways and provide
explanations for the increased maternal and fetal morbidity observed during the pandemic.

5. Conclusions

Although we detected lower birth weights in COVID-19-positive and COVID-19-
vaccinated pregnant women compared to the control group, the difference was not sta-
tistically significant. However, we uncovered a higher expression of VDR in placental
tissue from unvaccinated COVID-19-negative cases compared to the other two groups
in our study. These two findings seem to be connected, serving as a starting point for
future pregnancy management during epidemics. The presence of the vitamin D receptor
in the placenta is related to fetal and placental growth. Its deficiency may contribute to
negative maternal and fetal outcomes in COVID-19-positive cases, suggesting that vitamin
D supplementation could help mitigate the negative effects of viral infection.
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Abstract: Background: The rapid onset of COVID-19 placed immense strain on many already
overstretched healthcare systems. The unique physiological changes in pregnancy, amplified by
the complex effects of COVID-19 in pregnant women, rendered prioritization of infected expectant
mothers more challenging. This work aims to use state-of-the-art machine learning techniques to
predict whether a COVID-19-infected pregnant woman will be admitted to ICU (Intensive Care
Unit). Methods: A retrospective study using data from COVID-19-infected women admitted to
one hospital in Astana and one in Shymkent, Kazakhstan, from May to July 2021. The developed
machine learning platform implements and compares the performance of eight binary classifiers,
including Gaussian naive Bayes, K-nearest neighbors, logistic regression with L, regularization,
random forest, AdaBoost, gradient boosting, eXtreme gradient boosting, and linear discriminant
analysis. Results: Data from 1292 pregnant women with COVID-19 were analyzed. Of them, 10.4%
were admitted to ICU. Logistic regression with L, regularization achieved the highest F;-score during
the model selection phase while achieving an AUC of 0.84 on the test set during the evaluation stage.
Furthermore, the feature importance analysis conducted by calculating Shapley Additive Explanation
values points to leucocyte counts, C-reactive protein, pregnancy week, and eGFR and hemoglobin
as the most important features for predicting ICU admission. Conclusions: The predictive model
obtained here may be an efficient support tool for prioritizing care of COVID-19-infected pregnant
women in clinical practice.

Keywords: COVID-19; intensive care unit admission; pregnancy; machine learning; feature importance

1. Introduction

The rapid onset of COVID-19 placed immense strain on many already overstretched
healthcare systems. As a result of the acute shortage of hospital beds and medical staff
during the pandemic, various stringent patient triage protocols were introduced. The
unique physiological changes during pregnancy present challenges in understanding the
full scope and effects of the complexity of COVID-19 infection on pregnant women [1],
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rendering the clinical decision-making in these patients and risk-prioritization of expectant
mothers even more challenging.

The disruption of SARS-CoV-2 not only significantly impacted societies, economies,
and mental well-being but also translated into the need to accurately estimate patient
prognosis based on patient-specific risk. Identifying patients at high risk of complications is
critical in moments of high caseloads. In the gestational period, the presentation of COVID-
19 can vary significantly, encompassing asymptomatic cases, mild respiratory symptoms
that require minimal supportive treatment, and severe cases leading to hospitalization with
multi-organ failure and death [2]. Given the significant changes in the immune, circulatory,
respiratory, and hormonal systems in addition to specific problems that appear during this
period, such as preeclampsia or gestational diabetes, the full understanding of the COVID-
19 impacts on pregnant women is yet to be clarified [3]. Moreover, research exploring
the influence of different pregnancy trimesters on the disease’s clinical progression and
complications is scarce [4].

One of the critical factors during the pandemic was prioritizing patients in need
of intensive care to avoid unnecessary consumption of medical resources on low and
moderate-risk patients [5]. The sudden COVID-19 outbreak intensified the shortage of
hospital beds, critical care equipment, and medical professionals [6]. Proper triage systems
to predict the clinical course of patients become essential for efficient management of
limited medical resources, including intensive care [7].

Machine learning may classify severity and assess prognosis for COVID-19 patients
across a variety of routinely collected laboratory tests and clinical data [8]. In this regard,
machine learning can be viewed as a useful technique for supporting caregivers in medical
decision-making, and it has been utilized in multiple COVID-19 studies to construct
models that predict the severity of SARS-CoV-2 patients [9,10]. Moreover, the constructed
predictive models can be used to accurately assess the risk of the outcome and will allow
for individualized preventive measures in clinical settings. As a result, in this study, we
aim to (i) develop a machine learning model that can predict the risk of ICU admission
in COVID-19-infected pregnant women based on clinical data routinely collected during
hospitalization and (ii) shed light on major factors associated with the higher risk of ICU
admission for pregnant women with COVID-19 infection.

2. Materials and Methods
2.1. Study Population

This retrospective study was conducted using de-identified data from medical records
of pregnant women with COVID-19 admitted at Astana Perinatal Hospital and at the De-
partment of Obstetrics and Gynecology South Kazakhstan Medical Academy in Shymkent
from 1 May 2021 to 14 July 2021. Inclusion criteria were pregnant women who were
admitted to any of the previously mentioned hospitals in the period from 1 May 2021 to
14 July 2021 with SARS-CoV-2 infection confirmed through real-time polymerase chain
reaction (RT-PCR). The dataset includes 46 variables, which broadly cover information
about days of admission after the onset of the symptoms, length of hospital stay, obstetric
history, laboratory tests, clinical symptoms, and severity of COVID-19, comorbidities, and
complications (see Table 1 for detailed information about the variables). The comorbid
disorders were presented as categorical variables encoded as “yes” and “no” subgroups.
ICU admission was chosen as an outcome variable for prediction. The dataset is imbal-
anced, with the ratio of those admitted to ICU to those who are not admitted at 110:1058.
Note that we did not consider using any methods to address the class imbalance directly.
Instead, we used an alternative strategy to handle the class imbalance by considering the
decision-making threshold as a hyperparameter and tuning it in the model selection stage.

Ethical approval was obtained from Nazarbayev University Institutional Review
Ethics Committee (NU-IREC) #745/12062023. The data were extracted from electronic
medical records by practicing clinicians from the hospitals and provided de-identified
for conducting these analyses. All methods were carried out in accordance with the
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“Reporting of studies conducted using observational routinely collected health data”
(STROBE) guidelines.

Table 1. Baseline Demographic and Clinical Characteristics n = 1168. To characterize the difference
between those who were and were not admitted to ICU, p-values of two-sided Welch's t-test (for
numerical features) and chi-square test (for categorical features) were calculated.

Trimester of Gestation

Characteristic 1st Trimester  2nd Trimester 3rd Trimester | ICU Admitted Not A?g‘étted to p-Value
(n=59) (n =293) (n = 813) (n =110) (1 = 1058)
Feature
Age 30.15 4+ 5.92 30.13 + 5.64 29.66 + 5.61 31.52 + 5.67 29.63 + 5.59 0.0011
Blood type 0.3621
A 12 67 252 38 295
AB 3 28 67 9 90
B 15 95 225 33 300
(@) 28 99 251 29 355
Rh factor 0.9769
— 4 14 29 4 44
+ 54 275 765 105 995
Days of admission after 420 +2.44 441 +3.07 462 +3.63 5.83 4+ 3.83 442 4338 0.0003
symptom onset
Length of hospital stay 7.64 + 1.89 8.31 + 3.36 6.71 £+ 3.04 8.53 +5.52 7.02 +£2.76 0.0057
Obstetric history
Number of children 1.29 +1.34 117 + 1.06 1.69 + 1.35 1.98 +1.26 1.50 + 1.30 0.0002
Number of pregnancies 2.68 +1.71 2.66 + 1.60 2.79 £+ 1.69 295+ 1.76 2.73 + 1.66 0.2085
Number of deliveries 1.31 +1.36 1.20 +1.06 1.71 £ 1.36 2.02 +1.23 1.52 +1.31 <0.001
Multiple gestations 0 4 4 1 7
Laboratory tests
Hemoglobin 120.19 £19.58 105.79 +11.34 105.67 + 14.79 97.97 + 16.08 107.36 + 14.2 <0.001
Leucocytes 6.91 + 2.62 8.25 + 3.38 9.33 + 3.65 12.58 + 4.93 8.56 + 3.20 <0.001
Neutrophils 73.06 + 9.88 79.50 + 8.74 79.89 + 10.3 86.30 + 17.00 78.75 + 8.70 <0.001
Lymphocytes 24.50 4+ 13.63 16.95 +9.11 16.81 + 8.27 12.40 + 8.29 17.73 +8.92 <0.001
Platelets 205.95 +68.32 210.81 £77.57 217.69 +85.43 | 250.09 + 134.92 211.86 + 74.40 0.0043
APTT 29.08 + 3.19 31.37 £11.08  31.93 +13.62 35.69 + 13.49 31.22 +12.51 0.0012
ALT 29.23 +31.32 37.80+58.26  23.46 + 34.89 35.64 + 83.34 26.65 + 35.75 0.2808
ACT 27.47 +£17.19 35.88 4+ 42.0 29.69 + 25.48 41.71 +59.44 30.10 + 25.51 0.0509
Comorbidities and
complications
Preeclampsia 0 3 23 10 16 <0.001
Small for gestational age 0 1 18 2 17 1.0
Intra‘;;::;i;f;‘)“’th 0 0 17 3 14 0.4521
Hypertension 1 17 67 23 63 <0.001
Hyperglycemia 3 53 121 29 148 <0.001
Gestational diabetes 1 11 33 13 32 <0.001
Anaemia 13 162 599 90 685 <0.001
Pneumonia 26 152 437 68 549 0.05
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Table 1. Cont.

Trimester of Gestation

Characteristic 1st Trimester  2nd Trimester 3rd Trimester | ICU Admitted Not A;lén[}tted to p-Value
(n=59) (n =293) (n = 813) (n =110) (1 = 1058)
Clinical symptoms and
severity of COVID-19
Fever 34 125 231 31 359 0.2666
Cough 52 263 619 78 857 0.0156
Weakness 57 280 726 98 967 0.5249
Sore throat 31 191 494 55 662 0.0133
Shortness of breath 14 59 149 30 192 0.0282
Myalgia 15 95 217 33 294 0.7038
Loss of smell and/or taste 35 104 208 21 326 0.0143
Runny nose 46 230 613 75 816 0.0475
Diarrhea 6 11 13 0 30 0.1409
Chest discomfort 11 60 145 17 199 0.4633
Sweating 3 5 19 3 24 1.0
ICU Admission 0 13 96

2.2. Data Pre-Processing

Several pre-processing steps were employed to prepare the dataset for the analysis.
Initially, categorical variables were transformed using one-hot encoding. The dataset was
randomly split into training and test sets. Missing feature values in the training and test sets
were imputed based on the median of those values in the training data to prevent any data
leakage between the training and test sets. The training set was normalized by applying
standardization, whereas the test set was normalized based on the statistics obtained from
the training set.

2.3. Model Selection

Eight classifiers were used: Gaussian Naive Bayes (GNB) [11]; K-Nearest Neighbors
(KNN) [11]; Logistic Regression with L, regularization (LR) [12]; Random Forest (RF) [13];
AdaBoost (ADB) [14]; Gradient Boost (GB) [15]; eXtreme Gradient Boost (XGB) [16]; and
Linear Discriminant Analysis (LDA) [17]. The rationale behind selecting these predictive
models is as follows: (i) the selected models represent five well-known groups: ensemble;
Gaussian process; nearest neighbor; linear models; and discriminant analysis, and (ii) these
models have been widely utilized in previous studies to predict ICU admission [18-20]
and COVID-19 severity risk [5,8,9]. The best predictive model was selected according
to the highest Fq-score that was estimated using a stratified 5-fold cross-validation strat-
egy applied to the training set. Figure 1 presents the schematic diagram of the model
selection procedure.

It is worth noting that the decision-making threshold was considered a hyperparame-
ter and tuned in the model selection stage. Particularly, a classifier outputs the predicted
class label for a given observation by comparing its assigned score with a predetermined
threshold value. In this work, instead of using a default value (often 0 or 0.5), we treated
the threshold value as an essential hyperparameter and optimized it along with other hy-
perparameters as a part of model selection. The hyperparameter space for threshold values
includes values from 0 to 1 with a step size of 0.01. The classifier-specific hyperparameter
spaces are detailed in Table 2.
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Figure 1. A schematic diagram of the model selection procedure.

Table 2. A summary of the hyperparameter spaces.

Classifier Hyperparameter Hyperparameter Space
LR penalty L
regularization parameter 100, 10, 1.0, 0.1, 0.01
RF number of estimators 1,2,5,10
maximum depth 2,5,10
maximum features ‘sqrt’, log2’
LDA solver ‘svd’, ‘Isqr’, ‘eigen’
tolerance 0.00001, 0.0001, 0.0003
GB number of estimators 10, 20, 30

learning rate

0.001, 0.01, 0.1
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Table 2. Cont.

Classifier Hyperparameter Hyperparameter Space
XGB maximum depth 5,10
number of estimators 10, 20, 30
learning rate 0.001, 0.01, 0.1
ADB number of estimators 10, 20, 30
learning rate 0.001, 0.01, 0.1
algorithm ‘SAMME’, ‘'SAMME.R’
GNB - -
KNN number of neighbors 3,5

2.4. Model Evaluation

The selected and trained predictive model was evaluated on the test set based on the
following performance metrics: area under the curve (AUC); precision; sensitivity (recall);
specificity; Fq-score; and geometric mean of sensitivity and specificity (G-mean). These
metrics are defined as follows:

. TP
preC1SIOr1 = TP + FP,
specificity = — N
PeCay = TN + P’

TP

SenSItIVIty = m,

2 X precision x recall

Fi—score = —
precision + recall

G-mean = /specificity x sensitivity

where TP, FP, TN, and FN are the number of true positives, false positives, true negatives,
and false negatives, respectively.

2.5. SHAP Analysis

Shapley Additive exPlanations (SHAP) analysis (version 0.44.1) [21] was used to ex-
amine the effect of each feature on the prediction of the classifier and assess the importance
of the feature in predicting admission to the ICU.

2.6. Software and Packages

The entire computational pipeline was implemented in Python (version 3.9.7) using
the scikit-learn library. The computations were performed using the MacOS 13.1 (Ventura)
operation system with Apple chip M1 and 8GB of RAM (Cupertino, CA, USA).

3. Results
3.1. Data Description

In this study, the initial database included 1292 cases collected from Astana Perinatal
Hospital and the Department of Obstetrics and Gynecology of South Kazakhstan Medical
Academy Shymkent. After eliminating those with incomplete data, 1168 pregnant women
with COVID-19 were available for analysis (see Section 2.1). Specifically, the samples that
contained missing values in more than 20% of their features were removed. Missing values
in each feature were imputed by the median of feature values across the entire sample. The
data include 22 binary, 2 categorical, and 22 numeric features (see Table S1). The training
and test sets were obtained by randomly dividing entire data into two disjoint sets with a
splitting ratio of 70:30. The smaller subset was used as a test set, and the larger subset was
used for training purposes. Stratification was used to keep the proportion of classes that
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appear in the training and test splits the same as the full dataset. The training set was used
to obtain the best predictive model, while the test set was used for the evaluation of the
obtained model. The main characteristics of the data are shown in Table 1. 87.3% of cases
were in the third trimester, and 10.4% required ICU admission.

3.2. Predictive Performance

As a result of model selection, the highest Fi-score of 0.493 + 0.0434 was achieved
by the LR model (see Figure 2). In particular, the best model is obtained based on a
pipeline consisting of the hyperparameter tuning, including the decision-making threshold
estimation. In Table 3, the estimate of F;-scores, the estimated threshold value, and other
estimated hyperparameters of each classifier are presented. Ultimately, the LR model with
selected parameters and decision-making threshold value was evaluated using the test
set. Table 4 presents the test-set performance metrics estimated using the best predictive
LR model. The test-set confusion matrix for the LR classifier is presented in Table 5.
The confusion matrix reflects a positive predictive value of 86%. Values of 87.3% of
ICU admissions were in women in the third trimester. Cases with ICU admission were
older, with more pregnancies and deliveries. They had lower saturation, hemoglobin,
and lymphocytes, as well as more elevated leucocytes, neutrophils, platelets, and APTT.
Preeclampsia, hypertension, hyperglycemia, and gestational diabetes were also frequent
among these women.

Table 3. The F;-scores, decision-making threshold value, and selected hyperparameter spaces of
classifiers during the model selection. The best model is identified in bold.

Classifier F1-Score Threshold Hyperparameter Space
LR 0.49 £ 0.04 0.18 regularization parameter: 0.01
maximum depth: 2; maximum
RE 0.48 4 0.12 0.18 features: log2; number of estimators: 10
LDA 0.47 +0.03 0.20 solver: “svd”; tolerance: 0.00001
GB 047 +0.11 0.26 learning rate: 0.1;

number of estimators: 20

learning rate: 0.1;
XGB 0.45 £+ 0.08 0.26 number of estimators: 30;
maximum depth: 10

algorithm: “SAMME.R”;
ADB 0.42 + 0.05 0.34 learning rate: 0.1;
number of estimators: 30

GNB 0.31 £ 0.07 0.71 -
KNN 0.31 +0.04 0.00 number of neighbors: 5

Table 4. Test-set performance metrics estimated using the best predictive model (logistic regression).

Accuracy Precision  Sensitivity  Specificity G-Mean F1-Score ROC AUC
0.866 0.389 0.600 0.896 0.733 0.472 0.845
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F1-Score

Table 5. Confusion matrix obtained on the test set using the best predictive model (logistic regression).
Positive and negative labels represent ICU admitted and non-admitted, respectively.

Predicted
Negative Positive
Actual Negative True Negative: 283 False Positive: 33
Positive False Negative: 14 True Positive: 21

XGB

Model

Figure 2. Estimated F;-scores mean = standard deviation using 5-fold cross-validation obtained on
the training set.

3.3. Impact Direction and Importance of Each Feature

We utilized a SHAP analysis to assess the importance of each feature on ICU admission
prediction using the trained LR classifier. Figure 3a,b depicts the bar and beeswarm plot
of the ten most important features according to SHAP values. In particular, the bar plot
shows the ranking of the features in terms of their importance. In this case, we can see
that leukocytes, CRP, and pregnancy week are the most important features on average. On
the other hand, the beeswarm plot is designed to display an information-dense summary
of how the top features in a dataset impact the model’s output. Each instance of the
given explanation is represented by a single dot on each feature. Each position of the
dot is determined by the SHAP value of that feature. Dots “pile up” along each feature
row so that the width at a certain point represents the density. The color code indicates
the protective (blue) or higher risk (red) of admission to the ICU. For example, the high
value of leukocytes yields positive SHAP values, meaning the direct dependence between
leukocytes and a higher risk of admission to the ICU. At the same time, the high value of
hemoglobin decreases the risk of ICU admission as it corresponds to negative SHAP values.
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Figure 3. (a) Bar plot of top 10 features (from highest to lowest importance) based on mean SHAP
value. (b) Beeswarm plot of top 10 features (from highest to lowest importance) based on SHAP value.

4. Discussion

We collected data from 1168 patients to construct predictive models of adverse out-
comes related to SARS-CoV-2 infection in pregnancy. The constructed model aims to
conduct higher-level risk stratification to provide efficient decision-making and advance
personalized medicine upon obtaining a positive SARS-CoV2 test in pregnant patients.
Our machine learning-based ICU admission predictive model can potentially be used as an
auxiliary tool for supporting caregivers in medical decision-making. To construct and com-
pare our predictive models, we leveraged a threshold-dependent metric of performance
(F1-score) to identify the best model.

As seen in Table 4, the best predictive model (LR) demonstrates a predictive perfor-
mance in the range of 0.8-0.9 in terms of AUC. As per objective metrics of diagnostic
tests, an estimated AUC in the range of 0.8-0.9 is generally considered a “good” predictive
capacity for the test [22]. At the same time, LR correctly predicted 283 true negatives and
21 true positives, which correspond to a specificity of 0.896 and a sensitivity of 0.600. In
addition, our model can predict cases with a low risk of developing adverse outcomes
requiring ICU admission during hospitalization with a rate of 283 /(283 + 33) = 0.89.
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Our model achieved a moderate F-score of 0.472 with a 0.600 recall and 0.389 precision.
That is to say, the model shows a satisfactory ability to identify positive cases but has lower
reliability in its positive predictions. This is a natural outcome of selecting a low decision-
making threshold value (the best predictive model, LR, has a threshold value of 0.18; see
Table 3). It is worth noting that having high recall might be beneficial in cases where
missing positives is more costly, for example, in medical diagnoses. Another possible cause
of the moderate Fi-score is class imbalance. Recall that our dataset has a skewed class
distribution (see Section 2.1).

Several studies have employed a machine learning approach to predict ICU admission
for COVID-19-infected patients [18-20]. For example, Karimi et al. [18] compared different
machine learning models to predict the requirements for ICU admission in COVID-19
patients. In their work, they considered six models: Support Vector Machine (SVM); Naive
Bayes; LRR; light GBM; decision tree (DT); and KNN. Among them, the best predictive
model, Naive Bayes, achieved 0.71 AUC and 0.40 F;-score. Famiglini et al. [19] used four
models, multi-layer perceptron, DT, SVM, and XGB, to predict ICU admission for COVID-
19 patients within any of the next five days. The best predictive model, SVM, showed 0.85
AUC and 0.54 F;-score. Cheng et al. [20] used the RF model as a risk prioritization tool to
predict COVID-19 ICU admission within 24 h. Their model achieved 0.80 AUC and 0.18
Fi-score.

During the COVID-19 pandemic, the perinatal centers in Astana and Shymkent were
repurposed as infectious disease hospitals. All pregnant women with a positive result for
coronavirus infection in these cities were admitted to this hospital, generating the need for
valid triage systems to determine the most efficient process of care for each patient within
the consistently limited resources, like intensive care unit beds.

The overall proportion of ICU admissions was 10.4%, as reported by some authors [23],
although some authors have reported lower values [24]. Both differences in clinical charac-
teristics of the patients included in these analyses, as well as the period of the pandemic
and circulating variants and specific healthcare-related issues like availability of ICU beds
and vaccination status, may explain these differences.

SHAP analysis is an effective technique to quantify the importance of features [25]. The
results of our SHAP analysis demonstrate that the most important features are leukocyte
and C-reactive protein. Leukocytosis is a hematological parameter associated with more
severe COVID-19 infection in pregnant women, along with neutrophilia, lymphopenia,
and elevated platelet counts [26,27]. While the precise pathophysiological explanation
of these hematological abnormalities in COVID-19 patients is still unclear, changes in
the number of one or more blood cells have often been reported frequently in patients
infected with SARS-CoV-2 [28]. Leukocytosis and neutrophilia are inflammatory responses
associated with disease severity and bad outcomes. Although neutrophilia may be more
specific to severe disease than leukocytosis [29], leukocyte counts have been observed more
frequently, compared with neutrophil ones, in more severe cases of COVID-19-infected
pregnant women [30]. C-reactive protein (CRP) is another relevant factor associated with
the risk of ICU admissions for pregnant women infected with COVID-19. CRP is recognized
as a robust marker of acute systemic inflammation and severe infection [31]. Elevated CRP
concentrations are associated with COVID-19 severity [32] but are also typically reported in
severe viral infections, including HIN1 influenza pneumonia [33,34]. Elevated CRP levels
are associated with severe COVID-19 cases in pregnancy [35] and have been linked with
ICU admission, preterm labor, and poor maternal outcomes [36], as they reflect underlying
inflammatory responses that are heightened in severe infections [37]. We note that the
“importance” of the feature indicates the “association” between the feature and the output
of the model.

Lymphopenia is another indicator of severe COVID-19 infection. In pregnant women,
lymphopenia often signals an impaired immune response, placing these patients at higher
risk for severe infection and complications, including ICU admission and preterm delivery.
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Neutrophil-to-lymphocyte ratios are valuable for detecting potentially critical and fatal
cases of COVID-19 [38].

In terms of platelet counts, in cases admitted to ICU, even though they showed higher
levels, they still remained in the normal range. Mild thrombocytopenia has been reported
frequently in COVID-19 infection [39] as well as rebound thrombocytosis [40]; however,
none of these factors were detected as major contributing elements associated with ICU
admission of COVID-19-infected pregnant women by our predictive models.

Anemia and low hemoglobin levels were also associated with a higher risk of severe
infection requiring ICU [41]. From an etiological standpoint, thrombosis, hemorrhage, and
autoimmunity have been suggested for this association. During pregnancy, hemoglobin
concentration is decreased. This is due to higher blood volume, which supplies oxygen
and nutrients to the uterus, placenta, and other organs. Iron deficiency may also occur
in pregnant women due to an increased need for iron, leading to further exacerbation
of anemia during this period [42]. A decrease in circulating hemoglobin levels results
in a reduction in oxygen availability for cells, which intensifies the hypoxia caused by
COVID-19-induced acute respiratory distress syndrome [43]. In our study, anemia and
hemoglobin counts had direct and inverse dependence, respectively, on the risk of ICU
admissions of COVID-19-infected pregnant women. Nevertheless, none of these factors
were highly associated with the risk of ICU admission for these patients.

“Loss of smell”, a common symptom in COVID-19 cases, has been found primarily in
the less severe cases [44,45]. The mechanism that explains “loss of smell” in COVID-19 is
largely unknown, so it is unclear whether these findings may contradict previous evidence.

Gestational age at infection > 31 weeks was an independent risk factor for severe—
critical COVID-19 [46—48]. This phenomenon has also been observed in influenza infec-
tion [49], probably because of the physiological changes during pregnancy [50], such as
reduced respiratory capacity, vascular and hemodynamic changes like an increased body
fluid in the third space, and compromised immune system due to the need for immune
tolerance for the fetus, which develop as pregnancy advances [51]. There is, however,
some controversy regarding the risk that gestational age represents for COVID-19-infected
pregnant women [52,53], as not all studies have identified this association.

A bidirectional relationship between kidney function and COVID-19 disease has
been suggested [54]. Patients with low renal function have an increased risk of critical
COVID-19 [55] and a higher risk of ICU admission [56,57] or mortality [58], although none
of these studies have exclusively considered pregnant women population. Furthermore,
while chronic kidney disease is associated with impairment of the immune system, it is still
unknown whether their worse COVID-19 outcome can be explained by a weaker antiviral
response or by systemic inflammation [59].

Other studies have identified that more advanced age, due to possible age-related
immune changes, potential comorbidities, and elevated BMI, represents risk factors for
more severe COVID-19 infection in pregnant women [53]. Previous research found pre-
pregnancy obesity to be a strong predictor of ICU admission, as it is linked with more severe
COVID-19 cases, respiratory issues, and other metabolic complications [60]. Although we
found this association in the unadjusted data, the final machine learning model did not
include these variables as having a relevant effect.

A similar lack of effects in the final machine learning model occurs with comorbidities
like preeclampsia, hypertension, hyperglycemia, or gestational diabetes [56]. Hypertension
and other cardiovascular may elevate the likelihood of ICU admission for pregnant patients
with COVID-19, as these conditions exacerbate the body’s inflammatory response, as well as
diabetes, gestational diabetes, or preeclampsia. A possible explanation for the lack of effect
of these problems is that they are actually reflected in the alterations in the inflammatory
biomarkers (altered white blood cell count and elevated CRP) that, in this study, are actually
associated with a higher risk of admission to ICU, since these are parameters that are also
altered in these obstetric conditions.
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Severe dyspnea, low oxygen saturation (<94%), and the need for mechanical ventila-
tion are direct predictors of ICU care. Respiratory complications are often more severe in
pregnant women due to reduced lung capacity as the pregnancy progresses and are linked
to pneumonia and the need for ventilation. COVID-19-related pneumonia is a primary
predictor of ICU admission, as it often requires mechanical ventilation to support oxygen
levels [61].

Pregnant women experience unique physiological and immunological changes that
differentiate their response to COVID-19 from the general population. These differences
may impact the progression of the disease, clinical manifestations, management strategies,
and outcomes. Pregnancy maintenance relies on finely tuned immune adaptations [57]
as it must maintain tolerance to the fetus while preserving innate and adaptive immune
mechanisms for protection against microbial challenges, exhibiting a shift to Th2-dominant
immunity to protect the fetus, which may make them more vulnerable to viral infections,
including COVID-19 [59]. CRP and other inflammatory biomarkers may be naturally
elevated in pregnancy, complicating the interpretation of higher risk in pregnant women
compared to the general population. These adaptations of active immunologic tolerance
are precisely timed and reflect an immune clock of pregnancy in women delivering at
term. The differences in susceptibility, variability in progression, and differences in the
risk of COVID-19 infection severity are also associated with host genetic factors [59], like
unfavorable genotypes of IFNL3/IFNL4 SNPs. Among pregnant patients with confirmed
SARS-CoV-2 infection, reduced mucosal antibody responses were associated with greater
infectious virus recovery and viral RNA levels [60].

Pregnancy is associated with several factors that mimic the symptoms of COVID-19,
like increased blood volume, cardiac output, heart rate, shortness of breath, and fatigue,
which may overlap with normal pregnancy, potentially delaying COVID-19 diagnosis. Nor-
mal changes in pregnancy are also linked to more risk of severe COVID-19 complications
like reduced lung capacity due to diaphragm elevation and increased oxygen consumption
or its hypercoagulable state, increasing the risk of thromboembolic events.

Our study has some limitations. It is a retrospective study that was conducted in two
centers. Women included in this analysis were those who were hospitalized either through
spontaneous demand or after being referred from ambulatory care, which could leave
more vulnerable groups underrepresented. Because the participants were recruited from
2020 to 2021, they were unvaccinated, as vaccination was not authorized in Kazakhstan for
pregnant women during that period. This period includes the second wave of COVID-19
cases in the country, which are mostly related to the Delta variant. This variant has been
associated with more severe progression in pregnancy with increased ICU admissions and
increased need for advanced oxygen support. The Delta variant is associated with more
unfavorable maternal and neonatal outcomes, including preterm births, SGA infants, lower
Apgar scores, higher maternal and fetal mortality, higher maternal admission to ICU, higher
CRP levels, as well as PCT and IL-6, higher levels of lymphocytes, D-dimer, and transami-
nases. It is also associated with a higher rate of placental SARS-CoV-2 detection [62]. The
possibility that other variants or vaccination status could alter the model’s outcomes could
not be derived from these data and may limit the generalizability of these findings.

During this period, there were no homogeneous protocols/ICU admission criteria for
these patients, and they were treated with different drugs (corticosteroids, lopinavir/ritonavir,
azithromycin, hydroxychloroquine, interferon beta, tocilizumab, and prophylactic or ther-
apeutic heparin). We could not analyze the possible association with higher risk of ICU
admission of parameters like ferritin, interleukin-6, or d-dimer as they were only available
for a reduced number of cases. Ferritin, interleukin-6, or d-dimer provide insight into the
immunological and inflammatory pathways involved in severe COVID-19. Although their
absence limits understanding of the disease’s immunological and inflammatory pathways
involved in severe COVID-19 and may hinder the development of tailored management
strategies, CRP is considered as the inflammatory biomarker that better mirrors the course
of the disease compared to d-dimer or ferritin [63]. Excessive production of interleukin-6
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is associated both with more severe COVID-19 cases [64] as well as with adverse preg-
nancy outcomes like preterm delivery, preterm premature rupture of the membranes, and
chorioamnionitis [65]. Significantly higher interleukin-6 levels in pregnant women with no
significant difference have been observed between the pregnancy trimesters [66].

This study also has some relevant strengths. First, the large number of cases was
analyzed. Second, the methods that facilitate transparency and interpretability of the
data were used, helping to explain not only what the model predicted but why. Third,
early identifying women at higher risk of complications during pregnancy may also help
to offer psychological support to couples in these stressful situations [67]. Finally, the
methodological approach for this work may be extended in cases of other infectious
diseases that may affect pregnancy outcomes [68] as well as in situations when excess
demand requires valid triage methods to allocate patients to always limited resources, like
ICU beds.

5. Conclusions

Routinely collected clinical and laboratory data of COVID-19-infected pregnant women
may help recognize high-risk groups who are more liable for complications and more severe
course or prognosis and require an ICU admission. Leucocyte counts, C-reactive protein,
pregnancy week, eGFR, and hemoglobin appeared as significant predictors of high risk of
severe infection requiring ICU admission. The predictive model may be an efficient support
tool for prioritizing care of COVID-19-infected pregnant women in clinical practice [69].
These findings may also contribute to enhancing our understanding of the pathogenesis of
the disease and subsequently improve the outcome of patients. In this work, the identified
best predictive model, which was logistic regression with L, regularization, achieved an
AUC of 0.845 and sensitivity and specificity of 0.600 and 0.896 on test data, respectively.
This result showcases the potential usage of machine learning to serve as an efficient and
supportive tool for prioritizing care of COVID-19-infected pregnant women in clinical
practice, especially in resource-strained healthcare systems.
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Abstract

Background: The first trimester of pregnancy is known for its proinflammatory state,
so it is considered a challenging period due to increased maternal vulnerability to viral
infections. The main purpose of the current study was to evaluate the incidence trend
of early miscarriages and whether there was any possible influence of the COVID-19
pandemic on pregnancy outcomes. Materials and Methods: We conducted a retrospective
cohort study in which we included all pregnant women who had been admitted to our
hospital between January 2018 and December 2022. Our aim was to compare the percentage
of early miscarriages occurring in the pre-pandemic period (January 2018-February 2020)
and during the pandemic (March 2020-December 2022). We decided to measure the total
number and percentage of early pregnancy outcomes, including all viable pregnancies,
ectopic pregnancies, and both medical and spontaneous abortions. Results: The annual
incidence of registry-identified early miscarriages declined from 5.4% of 12—46-year-old
women in 2018 to 3.6% in 2022 (p = 0.008). An overall incidence rate of 3.66% [95% C.1.
3.26-4.05] was calculated, with 4.25% [95% C.I. 3.35-4.41] in the pre-pandemic period and
3.24% [95% C.I. 2.82-3.57] during the pandemic. The highest incidence rate (p < 0.0001)
was identified among nulliparous women (36.9%). Conclusions: To conclude, this study
proved that the increase in the early miscarriage incidence rate could be assigned to an
advanced maternal age, irrespective of one’s reproductive history. This study proved
that no significant increase in the incidence rate of early miscarriage during the COVID-
19 pandemic was noted, suggesting that this viral infection does not alter the risk of
miscarriages. We hope that these findings help women deal with emotional stress and offer
them reassurance about bearing children during pandemic periods.

Keywords: pregnancy; miscarriage; stress; COVID-19 pandemic; viral infection

1. Introduction

Spontaneous abortion or miscarriage is defined as the loss of a pregnancy before viabil-
ity, with less than 20 weeks of gestation and a birthweight of less than 500 g. Approximately
23 million miscarriages are registered annually around the world [1].
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Pregnant women are considered a vulnerable category to viral infections, especially
during the first trimester, due to its well-known proinflammatory state [2]. Previous
Coronavirus pandemics have been associated with adverse feto-maternal outcomes [3].
There are also other pandemics with a documented effect on pregnancy outcomes. A
study published in 2016 provided evidence regarding adverse pregnancy outcomes in the
case of the Zika virus pandemic. An increased incidence in the birth of newborns with
microcephaly and maternal febrile rash illness was registered during 2015-2016. This may
highlight the vertical transmission of the virus, but no linkage between Zika virus infection
in pregnant women and abortion was encountered [4,5].

Prenatal diagnostic tests (chorionic villous sampling, amniocentesis, cordocentesis)
primarily focus on the identification of genetic abnormalities in the fetus; however, they may
also have a role in the identification of infectious diseases that may have an adverse effect
on fetal development [6]. These tests aim to detect specific pathogens, including rubella,
cytomegalovirus, toxoplasmosis, varicella, parvovirus, Zika virus, and many others, as
these may cause the postpartum TORCH syndrome or other long-term complications [7,8].

The COVID-19 (Coronavirus disease) pandemic led to self-isolation during the first
few months, causing fear, stress, and uncertainty regarding both the medical implications
and unknown consequences deriving from this viral infection [9]. Although, at the present
moment, there is a growing body of evidence regarding the impact of COVID-19 on
maternal and perinatal outcomes, data on the real impact of the pandemic on the obstetric
population in European countries still need to be made available.

The purpose of this study was to assess the possible adverse effects of the COVID-19
pandemic on early pregnancies in terms of miscarriage. Furthermore, it aimed to determine
the change in the incidence of spontaneous abortions during the COVID-19 pandemic.
We wanted to evaluate whether pregnancy outcomes had been influenced by epidemic-
associated chronic stress.

2. Materials and Methods

Our retrospective cohort study included all pregnant women who had been admitted
to the Obstetrics and Gynecology Clinic in the Targu-Mures Emergency Clinical Hospital,
Romania, between 2018 and 2022. We compared the incidence of spontaneous abortions
registered during the pre-pandemic and pandemic periods as follows: January 2018-
February 2020 and March 2020-December 2022. The 11th of March 2020 was officially
declared the beginning of the COVID-19 pandemic [10]. We decided to measure the total
number and percentage of early pregnancy outcomes, including all viable pregnancies,
ectopic pregnancies, and both medical and spontaneous abortions. We also categorized
pregnant women into three groups: nulliparous women, women with a history of one
viable delivery, and women with more than one viable delivery.

We defined early pregnancy as a pregnancy under 36 gestational weeks, after which
we considered it an at-term pregnancy.

3. Results

Between 2018 and 2022, we identified 5624 women who had been admitted to the
Obstetrics and Gynecology Clinic. Of these, 2326 had been admitted pre pandemic, while
3298 had been admitted during the pandemic.

The annual incidence of registry-identified spontaneous abortions declined from 5.44%
in 2018 to 3.57% in 2022. Moreover, the trend showed a significant decrease over these
years (p = 0.008), with an R? value of 0.036 (see Figure 1).

123



J. Clin. Med. 2025, 14, 1418

An overall incidence rate of 3.66% [95% CI 3.26—4.05] was calculated, with 4.25%
[95% CI 3.35-4.41] in the pre-pandemic period and 3.24% [95% CI 2.82-3.57] during the

pandemic.
60
B Miscarriage Trendline for Miscarriage R2=0.036 [ Tubal pregnancy
Trendline for Tubal pregnancy R? = 0.022 Medical abortion
Trendline for Medical abortion R2=0.537 [ Fetal death Trendline for Fetal death Rz = 0.33
2018 2019 2020 (Q1) 2020 (Q2-4) 2021 2022

Figure 1. Trend of annual incidence rate of pathological pregnancies.

Extreme maternal age groups also showed a decrease in the rate of spontaneous
miscarriages. A total of 18.2% (pre-pandemic period) and 16.8% (pandemic period) of
pregnant women suffered spontaneous abortions in the age group <20 years old, while
10.1% (pre-pandemic period) and 8.4% (pandemic period) women suffered spontaneous
abortions in the age group >40 years old (p = 0.001).

Maternal age was significantly associated with miscarriage (p = 0.018). In 2018, preg-
nant women aged 25-29 years had the highest percentage of miscarriages (29.9%). During
2019, 2020, 2021, and 2022, the highest percentage of miscarriages occurred in the maternal
group 30-34 years old: 28.9% (2019), 27.9% (2020), 31.1% (2021), and 28.4% (2022) (see
Figures 1 and 2).

Our data indicated a higher incidence rate of miscarriages occurring among nulli-
parous women, compared to parous women, after categorizing all pregnant women in
this study into the three groups. Hence, the proportion of all miscarriages among registry-
identified pregnancies during the first study period was as follows: 32.3% were attributed
to nulliparous women, 22.2% to primiparous women with a history of one viable delivery,
and 45.5% to multiparous women with a history of more than one viable delivery. During
the second study period, these proportions increased to 41.1% among nulliparous women
(p <0.001) and 31.8% among primiparous women with a history of one viable delivery,
while they decreased to 27.1% among multiparous women with a history of more than one
viable delivery (p < 0.001) (see Figure 3).

During 2018-2022, a total of 20.4% registry-identified early pregnancies were noted,
with 18.9% in 2018, 23.5% in 2019, 19.8% in 2020, 18.0% in 2021, and 21.8% in 2022 (p = 0.012).
A total of 19.5% and 20.1% of early pregnancies occurred during the pre-pandemic and
pandemic periods, respectively.
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Figure 2. Miscarriages associated with maternal group age during the entire study period.
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Figure 3. Comparison of miscarriage trend correlated with women'’s parity between the two study
periods.

During the pandemic period, we observed a significant association between parity and
gestational age at the time of delivery, with 30.9% of nulliparous women, 20.1% of primi-
parous women, and 19.5% of multiparous women having early pregnancies (p = 0.044).

Of all registered pregnancies during the study interval, 377 (6.7% of all pregnancies)
were considered pathological. These included ectopic pregnancies (104, 1.84%), medically
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justified abortions (57, 1.01%), spontaneous abortions (206, 3.66%), and fetal demise (10,
0.19%) (p = 0.002), as shown in Figure 4.

B Miscarriage [ Tubal pregnancy Medical abortion [} Fetal death
60
40
| || JL II
0
| 2018 2019 2020 (Q1) | | 2020 (Q2-4) 2021 2022
Pre-pandemic period Pandemic period

Figure 4. Incidence of pathological pregnancies before and during the pandemic.

During the pandemic, no statistical association was noted between spontaneous
abortions and SARS-CoV-2 active infection (p = 0.978). Only 0.9% of spontaneous abortions
and one maternal death were associated with viral infection.

4. Discussion

Miscarriage has been intensively studied, since it is among the commonest adverse
pregnancy outcomes. More than 15% of clinically recognized pregnancies may have this
outcome [11,12]. As some recently published data indicate, our study demonstrated a
higher incidence of miscarriages with an increasing maternal age, specifically in women
aged 30 years or more [13,14].

Two register-based studies presented evidence regarding the highest risk of miscar-
riage in women aged 45 years or more, proving that the rate of miscarriage increased
with women's parity [15]. In contrast, we noted that the biggest proportion of all registry-
identified miscarriages was mostly seen among nulliparous women. When comparing
nulliparous and parous women, more than half of all registry-identified miscarriages
occurred in nulliparous women.

It has been previously theorized that women facing miscarriages lack certain fac-
tors that would lead to full-term pregnancy development and not recurrent spontaneous
abortions. Several hypotheses have been proposed to support such an “absent factor”
mechanism. In previous studies, an IG antibody that could lead to total blockage of the
mixed lymphocyte reaction was thought to be either absent or present in low titers in
samples from women with recurrent spontaneous abortions [16,17].

The more HLA antigens are shared between partners, the higher the risk of sponta-
neous abortion. Consequently, women who share a variable amount of HLA types with

126



J. Clin. Med. 2025, 14, 1418

their partners might experience an adverse pregnancy outcome, depending on the segrega-
tion of their genotype [18,19]. Still, these immunological theories were not fully reinforced
by the clinical studies that followed [20,21].

On the other hand, another theory proposed by Clarke et al. postulated that any resid-
ual material in the uterine cavity after a miscarriage might jeopardize future pregnancies.
According to this hypothesis, any possible “rest” from trophoblastic cells would influence
the outcome of a pregnancy, since anencephaly or spina bifida were documented in women
whose last pregnancy ended in miscarriage compared to controls whose outcome was a
typical baby [18,22]. Prospective studies are needed to identify which factors could deter-
mine whether a first pregnancy will result in success or failure, thus offering prophylactic
pre-conceptual counseling to nulligravid women.

In many instances, however, the exact cause of a miscarriage remains unknown.
Multiple risk factors are considered, such as maternal age, genetics, and hormonal and
environmental factors. A recent study suggested that parental chromosomal rearrange-
ments could determine more than 50% of all recurrent miscarriages [23]. An advanced
maternal age has been found to be one of the most significant risk factors. Consequently,
in approximately half of spontaneous abortions before a gestational age of 12 weeks, fetal
chromosomal abnormalities due to meiotic errors are found, caused by an advanced mater-
nal age at the time of conception [15,24,25]. Another study found that autosomal trisomies
are the most common genetic anomalies (52% of all miscarriages), followed by polyploidy
(21%) and, finally, monosomy X (13% of cases) [26].

Although common, affecting one in ten women throughout their lifetime, miscarriage
also has common risk factors, such as increasing age in both partners. In our study, this
risk factor was also highlighted as being related to miscarriage. Furthermore, permanent
stress as an adjustment to the lifestyle that modern life entails, along with daily habits
(alcohol consumption and cigarette smoking included), outlines the typical portrait of a
woman who is more prone to suffer a miscarriage [26]. In the general population, patients
diagnosed with COVID-19 were more susceptible to developing thromboembolism due to
excessive inflammation, hypoxia, and immobilization [26].

This misconception, postulating that miscarriages are often inevitable and that a
woman who has suffered such a loss should keep trying to become pregnant until, even-
tually, she is able to carry at least one pregnancy to term, should belong to the past. This
thinking can lead to psycho-emotional damage for the families in question. Regarding
the possibility of a subsequent successful pregnancy, miscarriage is often associated with
several fetal risk factors, namely preterm birth and fetal growth restriction [26]. This sup-
posed increase in preterm delivery risk has been preliminary reported as varying up to
47%. Although insufficient, the correlation between COVID-19 infection, miscarriage, and
a subsequent preterm delivery has been suggested based on some reported cases due to
the premature rupture of membranes [26].

Moreover, spontaneous abortion can be a significant trigger for depression and anxiety
in women, representing a significant psychological burden for them [27]. Mostly, they may
struggle with feelings of guilt over what they have done wrong or what they could have
done differently to prevent the loss of the pregnancy. Many studies have discovered an
impressive percentage of women prone to psychiatric symptoms in the weeks to months
after a pregnancy loss, most of them not having children [28,29]. The majority of women
suffering a miscarriage are willing to know whether there is anything they can do to
prevent a future miscarriage. These couples usually seek health care advice on how long
they should be waiting before trying to conceive again [30]. Still, a consensus on an
appropriate interpregnancy interval after suffering a pregnancy loss is lacking. The World
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Health Organization (WHO) only recommends waiting at least six months, this limitation
being based on a single cross-sectional study [31,32].

The beginning of the COVID-19 pandemic caused the self-isolation of community
members, leading to stress, fear, and economic instability, alongside other already known
factors. The chronic stress associated with this situation might have had a significant
influence on pregnancy outcomes. A systematic review from 2017 suggested this hypothesis
when studying the exposure of pregnant women to armed conflict [33]. Another study
addressed a possible linkage between pregnancy outcomes and exposure to stress caused
by rocket-attack alarms, showing a high risk of spontaneous abortion [34].

The Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syn-
drome (SARS) pandemics have both been studied regarding their possible impact on
adverse pregnancy outcomes. Indeed, these two pandemics have been associated with
increased maternal morbidity and mortality. Despite the small number of reported cases
confirmed with MERS and SARS infection during pregnancy, the data revealed a feto-
maternal fatality rate of almost 30% [30].

Infection with SARS-CoV during the 2002-2003 epidemic determined more than 50%
of spontaneous abortions. During this pandemic from the early 2000s, an increased fatality
rate was studied among pregnant patients. With a fatality rate of 25%, this outcome could
be attributed to several physiological changes in pulmonary function usually occurring
during advanced pregnancy [35].

No vertical transmission of the virus was detected, as no viral particles were discovered
in the products of conception or after the histopathological examination of the placenta.
Instead, the main causes of miscarriages during this pandemic period were severe maternal
respiratory failure and hypoxemia. A more comprehensive description was published
after the placentas of patients infected with SARS-CoV were examined: multiple cases
of placental infection suggesting maternal vascular malperfusion (MVM) lesions and
avascular villi suggesting fetal thrombosis were reported, alongside numerous cases of
significant placental weight reduction. These histopathological changes were more likely
related to hypoxemia and feto-maternal circulatory insufficiency as a direct result of SARS-
CoV infection. Furthermore, in other studies, severe adverse pregnancy outcomes have also
been associated with Middle East Respiratory Syndrome Coronavirus (MERS-CoV) [36,37].

There is growing evidence related to COVID-19’s association with miscarriage [38—40].
Pregnant women belong to a category of people known to be at risk for numerous co-
morbidities. Although no increased risk related to COVID-19 infection was encountered
among pregnant women compared to the remaining population in Ref. [40], almost 85%
of pregnant women were thought to experience mild COVID-19 infection symptoms, 10%
more severe disease, and 5% critical disease. The most commonly reported symptoms were
shortness of breath, fever, and dry cough [40].

Vertical maternal—fetal transmission has been previously documented when maternal
infection with TORCH syndrome and Zika virus was serologically confirmed, causing im-
portant fetal consequences. The first trimester of pregnancy has a critical importance, since
fetal organs develop during this time. Hence, any maternal infection at this point could
have an adverse impact on fetal development, compared to later gestational weeks [36,37].

Vertical transmission of this viral infection can occur during fetal intrauterine life
through the placenta, during delivery through the aspiration of cervical-vaginal secretions,
and through breastfeeding postpartum [40]. No evidence of transplacental transmission
of COVID-19 exists [41], although several observational studies regarding this possibility
have been published [40].

No significant increase in the risk of miscarriage in patients infected with COVID-19
during the first trimester has been observed [3,42]. Rather, studies related to miscarriage in
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pregnant women bearing this infection have shown that most miscarriages occur due to
placental insufficiency, preterm delivery, and intrauterine growth restriction [37,43].

Solid evidence regarding the effect of COVID-19 infection on placental pathology is
still limited, but given the amount of vascular maternal adverse outcomes, more frequent
maternal vascular malperfusion (MVM) and fetal vascular malperfusion (FVM) have been
observed [40]. On the other hand, many studies reported so far have revealed the absence
of any particular connection regarding COVID-19 infection and most placental pathologies,
when compared with controls [44—46].

The maternal organism’s homeostasis has a physiological reaction to stress, with
hypothalamic—pituitary—adrenal (HPA) axis activation as the first mechanism. The activa-
tion of this axis determines the release of the corticotropin-releasing hormone (CRH), which
activates the adrenocorticotropic hormone, eventually leading to cortisol release from
the adrenal gland. The latter, referred to as the stress hormone, then negatively impacts
physiological mechanisms, thus becoming unable to properly restore homeostasis [47].

The literature reveals numerous studies that have determined a linkage between
adverse pregnancy outcomes and levels of cortisol [48]. Lower birth weight, prematurity,
and miscarriage have also been encountered in said studies. It is worth mentioning that not
only high levels of cortisol have been discovered to be associated with adverse outcomes,
but also a decrease in cortisol levels [49]. The vasoconstriction caused by a high level of
norepinephrine has been found to be related to adverse pregnancy outcomes, since it may
impair the uterine arteries, which could lead to inappropriate placental perfusion.

Angiotensin-converting enzyme 2 (ACE2) has been studied as the cellular entry
receptor for SARS-CoV-2. During pregnancy, the feto-maternal interface is represented
by both the placenta and the decidua. Hence, viral receptor expression at the level of the
placenta or decidua represents the viral infection promoter. In a previous study of a placenta
at 14 gestational weeks, four main cell types were shown to reveal ACE2 expression during
single-cell transcriptome genomic data sequencing: stromal cells, villous cytotrophoblast,
and syncytiotrophoblasts from the placenta and perivascular cells from the decidua. A
high expression of ACE2 at the level of these cells implies adverse feto-maternal outcomes,
given the possibility of placental dysfunction, insufficiency, and subsequent pregnancy
complications [40].

At the present moment, there are few publications on the outcomes of pregnant women
with COVID-19, most of them related to women in the second or third trimester [42]. Many
viral infections can be harmful to the fetus during the first trimester of pregnancy, and
whether Severe Acute SARS-Cov-2 is one of them is yet to be determined. Data on COVID-
19 during pregnancy remain limited, mostly acquired from limited sample studies [44—46].

During the pandemic, both positive and negative aspects were experienced by preg-
nant patients and their families. As expected, a sense of loss of the birthing experience
under normal circumstances was felt, since the hospital policies limited family members’
visits. Panic and overall emotional stress were encountered upon positive Sar-Cov-2 testing.
On the other hand, such strict policies led to a more profound and intimate feto-maternal
connection, without the presence of other family members [47-49].

Our study had some limitations. Firstly, this was a single-center study that used
registry data to identify miscarriages. We only had access to information for miscarriages
diagnosed and treated within the public specialized health care sector. Thus, women with
early pregnancy loss who possibly never sought medical attention were likely not included
in this study.

It is also worthwhile to note that the pandemic could have potentially changed
women’s willingness to visit hospital environments regularly. As such, pregnant women
might have had doubts about their safety in the hospital environment and, some of them,
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might have decided to put an end to their prenatal medical visit routine, presenting to the
hospital only when the viability of the pregnancy could no longer be helped.

The retrospective nature of this study prevented us from using tools to compare
stress levels between women who had experienced miscarriages and those who did not.
However, we believe that the pandemic had an impact on almost every aspect of people’s
lives, serving as a unique stressor.

Early pregnancy was not exempt from such stress, and our study aimed to explore
some of the effects of this situation. The full impact of the recent pandemic on reproduction
is a complex issue, and many aspects are yet to be determined.

5. Conclusions

To conclude, this study proved that the observed increase in the early miscarriage
incidence rate could be assigned to an advanced maternal age, irrespective of patients’
reproductive history. This study proved that no significant increase in the incidence rate
of early miscarriage during the COVID-19 pandemic was noted, suggesting that this
viral infection did not alter the risk of miscarriages. Meanwhile, the increased average
age of primiparous women could have been another reason for the higher proportion of
miscarriages among nulliparous women.

We hope that these findings help women deal with emotional stress and offer reassur-
ance about bearing children during pandemic periods. The present study is the first Eastern
European study to investigate the overall declining incidence rate of early miscarriage
during the COVID-19 pandemic.
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Abstract

Background: The impact of the SARS-CoV-2 viral infection during pregnancy on the fetus
can be direct—transmitted through the placenta—and indirect—creating unfavorable con-
ditions for the development of the fetus because of inflammation, micro-thrombosis, and
hypercoagulation. Our study aimed to determine the types and frequency of pathohistolog-
ical changes in placental tissue in SARS-CoV-2-positive pregnant women and to examine
the possible role of oxidative stress in the prognosis of the delivery and its maternal and
fetal complications. Methods: This prospective clinical study included 50 pregnant women
divided into two groups, SARS-CoV-2 positive (COVID-19 group) and SARS-CoV-2 nega-
tive (control group), from who we collected demographic, clinical, obstetric, biochemical
and pathologic data. Data about the newborn characteristics were also collected, which
included anamnestic, clinical, and biochemical data. Results: The values of the superoxide
anion radical and index of lipid peroxidation were significantly different in mothers con-
cerning the presence of the SARS-CoV-2 infection, while the levels of the nitric oxide, index
of lipid peroxidation, reduced glutathione, and superoxide dismutase were significantly
different in the newborns depending on the SARS-CoV-2 infection. Newborn characteristics
were similar between groups except for concentrations of IgM antibody. The incidence of
pathohistological changes of the FVM type in the COVID-19 group of pregnant women was
46%, while in the control group, the incidence was 18%. Conclusions: This study confirmed
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133



J. Clin. Med. 2025, 14, 1555

the significant impact of the SARS-CoV-2 viral infection on maternal and fetal biochemical
parameters and oxidative stress-mediated placental dysfunction. Future studies should be
performed with more participants and follow-up neonatal development.

Keywords: COVID 19; pregnancy; placental pathological lesions; neonatal oxidative stress;
SARS-CoV-2 fetal transmission

1. Introduction

WHO data show that the number of patients with COVID-19 from the beginning of
the pandemic to August 2024 exceeds 776 million, with more than 6.95 million deaths [1,2].

Even after the WHO declared the end of the pandemic on 11 May 2023, COVID-19
remains one of the biggest challenges facing the health system and world economy because
of its rapid spreading and unpredictable course.

SARS-CoV-2 is the pathogen responsible for the onset of COVID-19, belonging to
the group of beta-type Coronaviridae [3,4]. Based on the structure, it is an enveloped
RNA virus that shares a genetic sequence with some SARS viruses identified in bats and
pangolins, indicating a zoogenic origin [5]. SARS-CoV-2 components are RNA and four
structural proteins: spike (S) protein, nucleocapsid (N) protein, envelope (E) protein, and
membrane (M) protein with a specific role in the pathogenesis of the disease [6].

The RNA of the virus is a template for the multiplication of viral RNA and proteins
that are further released infecting new cells. The release of the virus into the bloodstream
leads to an inflammatory reaction mediated by the release of cytokines and the consequent
activation of the coagulation system [7,8]. The activation of monocytes as part of the acute
phase response leads to damage to the endothelium, which is crucial for activating the
procoagulant system within the body and forming immune-thrombosis.

Based on the severity of symptoms, COVID-19 can be asymptomatic, mild, moderate,
severe, and critical [9]. The viral load, inflammation, and the state of the immune system
also influence the severity of the clinical course [1]. Factors such as age, gender, associated
diseases, and obesity are related to the severity of the disease and increased mortality [10].
SARS-CoV-2 infection also interferes with a woman’s reproductive health, negatively
affecting ovarian function [11]. The physiological changes that accompany pregnancy
could theoretically contribute to the development of more severe forms of COVID-19 in
this group of patients [12]. Based on clinical experience and the conclusions of studies
conducted during previous epidemics caused by coronaviruses such as Severe Acute
Respiratory Syndrome (SARS) and Middle Eastern Respiratory Syndrome (MERS), patients
infected during pregnancy are classified as patients with an increased risk of developing
severe forms of disease and mortality [13,14]. There is a growing concern about possible
neonatal and perinatal complications based on experience with ZIKA infection that is
capable of crossing the placenta and causing fetal development damage [15]. Data from the
US Centers for Disease Control and Prevention show that pregnant women have the same
risk of death, but an increased risk of developing complications that require hospitalization
and admission to the ICU compared to patients who are not pregnant [7].

Direct cytotoxicity of the virus and endothelial injury led to inflammatory changes in
the complex functioning of the pregnant woman’s immune system. This system constantly
changes to satisfy the demands of the growing embryo and, thus, the time of infection can
be of great importance for the prognosis of the course of the disease, maternal immune
response, release from the virus, and perinatal outcome [16].
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The impact of viral infection on the fetus can be direct—transmitted through the
placenta—and indirect—creating unfavorable conditions for the development of the fetus
because of inflammation, micro-thrombosis, and hypercoagulation.

There are three modes of transmission of the virus to the fetus/neonate: direct/
intrauterine transmission, intrapartum, and postpartum transmission.

Oxidative stress is one of the key factors in the pathogenesis of COVID-19 infec-
tion [17-19]. Oxidative stress is an impaired homeostasis in the body between oxidants
and antioxidants, which leads to further disruption of the redox system and damage to
molecules. Free radicals are highly reactive molecules with an excess of one or more elec-
trons that easily interact with other molecules and lead to disruptions in the physiologically
tuned system of a healthy organism. Excessive production of free radicals: reactive oxygen
species (ROS), reactive nitrogen species (RNS), and reactive chlorine species (CRS) lead
to direct peroxidation of membranes, structural proteins, enzymes, and nucleic acids, and
can be neutralized under physiological conditions via an interaction with enzymatic and
non-enzymatic antioxidants. In addition to endogenous (enzymatic and non-enzymatic
antioxidants), there is also a group of exogenous (natural or synthetic antioxidants) that
also have a role in binding unpaired electrons of free radicals and stabilizing them, and
their cumulative effect is defined as total antioxidant capacity (TAS) [20-23].

During scientific attempts to determine the level of oxidative stress in the body, a
whole panel of biochemical markers of OS were created, which, based on their origin, were
divided into:

Molecules that interact with free radicals, such as:

Products of lipid peroxidation: malondialdehyde, acrolein, isoprostanes),
Protein oxidation products: (carbonyl protein, tyrosine group),
DNA oxidation products (8-hydroxy-2deoxyguanosine),

Protein stress reactions, new biomarkers (microRNAs)
Molecules that belong to the antioxidant protection system, such as

Enzymes (myeloperoxidase),
e  Glutathione level
e  (Circulating antioxidants (CAT, GPX, SOD) [22,24-26]

Pregnancy itself represents a state of increased oxidative stress due to the intense
metabolic and immunological alterations necessary for the complex process of growth
and development of conception products. The main source of ROS in pregnancy is the
placenta, where these molecules are key factors in the complex system responsible for
intercellular signaling, transcription, adaptive homeostasis, apoptosis, and host defense
through phagocytosis [27-30]. Viral infections affect the excitation of oxidative stress of
the host through numerous mechanisms such as excessive cytokine production, activation
of the complement system, release of lipid mediators, and lipid peroxidation during the
interaction of the body’s defense cells with viral pathogens [31,32].

Examining the changes in the placenta provides us with a unique opportunity to
uncover the mechanisms by which the virus affects pregnancy and the fetus. In addition
to its nutritional, excretory, oxygenation, and hormonal function, the placenta has an
important protective role and is the main barrier to bacterial and viral infections in the fetus.
This role predisposes the placenta to pathological changes under the direct influence of the
SARS-CoV-2 virus and the consequences of systemic disease and coagulation changes.
Based on the Amsterdam classification system, placental lesions could be defined as
maternal vascular malperfusions, fetal vascular malperfusions, acute chorioamnionitis,
and villitis of unknown etiology [33].

We hypothesized that:
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1.  There is a statistically significant difference in the frequency of pathohistological
changes in placental tissue in patients with confirmed SARS-CoV-2 infection during
pregnancy compared to the control group.

2. Vertical transmission of SARS CoV-2 from mother to fetus is possible.

3.  Compared to the control group, there is a statistically significant increase in maternal
and umbilical cord blood biomarkers of oxidative stress in patients infected with
SARS-CoV-2 during pregnancy.

4. Patients with more pronounced pathohistological changes in placental tissue have
significantly elevated levels of oxidative stress markers.

5. There is a statistically significant difference in the neonatal outcome of newborns of
mothers with COVID-19 compared to the control group.

6.  Certain clinical parameters such as gestational age, sex of the newborn, and maternal
age significantly affect the level of oxidative stress markers in the newborn.

This study aims to:

1.  To determine the types and frequency of pathohistological changes in placental tissue
in patients in whom SARS-CoV-2 infection was confirmed during pregnancy and
compare them with the control group

2. Determine from the plasma and lysate of erythrocytes of the mother’s blood immedi-
ately before delivery and the blood of the newborn from the umbilical cord the values
of the parameters of the antioxidant protection system, as well as pro-oxidants: lipid
peroxide index measured as TBARS, nitric oxide in the form of nitrite (NO, ), super-
oxide anion radical (O, ™) and hydrogen peroxide (H,O5), catalase (CAT), superoxide
dismutase (SOD), reduced glutathione (GSH).

3.  Determine the neonatal outcome: Apgar score, body weight of the newborn, admis-
sion to the intensive care unit, and length of stay in the neonatology department
and ICU

2. Materials and Methods
2.1. Ethical Concerns

Following the Good Clinical Practice and revised Helsinki Declaration, this study
was designed as a case-series clinical study. The Ethical Committee of Clinical Center
Kragujevac approved the study number: 01/21-18 from 28 January 2021. Written informed
consent was obtained from all participants for research and publication before inclusion in
the study.

2.2. Participants

This prospective clinical study included pregnant women who gave birth from Febru-
ary 2021 to March 2022 at the at the Gynecology Clinic at University Clinical Center
Kragujevac, aged between 18 and 43 years old, from Central West Serbia, followed dur-
ing the period from the diagnosis of a positive SARS-CoV-2 test to discharge from the
obstetrics department after delivery and discharge of the newborn from the Department of
Neonatology at University Clinical Center Kragujevac, Serbia.

2.3. Protocol of Study

Two cohorts were derived from the population of pregnant women who were de-
livered at the OB/GYN Clinic of the University Clinical Center in Kragujevac: women
who had a positive result for SARS-CoV-2 (by RT-PCR method and/or rapid antigen test)
during the pregnancy. The control cohort were woman who had a negative result on a
rapid antigen or RT-PCR SARS-CoV-2 test on their admission day to the Obstetric Clinic for
delivery, who were asymptomatic during hole pregnancy, and who had no IgG and IgM
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SARS-CoV-2 antibodies detected on serological blood test. The main inclusion criteria were
positive RT-PCR and/or rapid antigen tests for SARS-CoV-2 during the pregnancy. Exclu-
sion criteria were positive personal history of thromboembolic diseases, thrombophilia,
antiphospholipid syndrome, diabetes mellitus, systemic lupus erythematosus, hyperten-
sive disorders in pregnancy, Rhesus factor incompatibility, ongoing anticoagulant therapy,
tobacco smoking during pregnancy, and vaccination against COVID 19. Within the cohort
of pregnant women who tested positive for the presence of SARS-CoV-2 during pregnancy
concerning the time of gestation in which the infection occurred, three subgroups of pa-
tients were distinguished, within whom the impact of COVID-19 on placental tissue was
monitored in parallel:

1.  Patients who were diagnosed with SARS-CoV-2 in the first trimester of pregnancy
(from pregnancy to the end of week 13 of gestation)

2. Patients who were diagnosed with SARS-CoV-2 in the second trimester of pregnancy
(from 14 to the end of week 27 of gestation)

3. Patients diagnosed with SARS-CoV-2 in the third trimester of pregnancy (28 to
42 weeks of gestation)

2.4. Sampling and Collecting Data

We reviewed the electronic medical record for each subject and recorded demographic,
clinical, obstetric, laboratory, and pathological data. At that time, none of the patients in
either group were vaccinated against COVID-19. Blood samples were collected from those
two groups following delivery, namely: maternal peripheric blood and the umbilical cord
blood for oxidative stress biomarkers testing, and placental tissue (a section of the entire
thickness of the placenta with the membranes and one section of the umbilical cord for
pathohistological analysis, fixed for 48 h in a formalin solution to eliminate the infectivity).

2.5. Determination of Oxidative Stress Markers

We collected venous blood from each participant, maternal peripheric blood, and
umbilical cord blood for oxidative stress biomarkers testing within 3 min following de-
livery. Oxidative stress biomarkers were assessed spectrophotometrically from plasma
samples (Shimadzu UV 1800, Tokyo, Japan), the index of lipid peroxidation, determined
as thiobarbituric acid-reactive substances (TBARS), nitrites (NO; ™), levels of superoxide
anion radical (O, ™), and hydrogen peroxide (H,0O5).

2.5.1. Determination of TBARS

The plasma sample was incubated with 1% thiobarbituric acid in 0.05 NaOH for
15 min at 100 °C and measured as TBARS at 530 nm. As a control, distilled water was used
as a blind probe [34].

2.5.2. Nitrite Determination (NO; ™)

Rapidly breaking down nitric oxide (NO) produces stable nitrite /nitrate compounds
determined spectrophotometrically at 543 nm using Griess’s reagent according to Green’s
method. Sodium nitrite was used as the reference standard to calculate the nitrite levels [35].

2.5.3. Superoxide Anion Radical Determination (O, )

Superoxide anion radical quantities were determined using an assay mixture contain-
ing nitroblue tetrazolium. The measurement was carried out at 530 nm on the wavelength.
The blank control was performed using distilled water [36].
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2.5.4. Hydrogen Peroxide Determination (H,O5)

Horseradish peroxidase was utilized to accelerate the oxidation of phenol red by H,Oy,
which was used as a basis for the HyO, measurement. 800 uL of freshly created phenol
red solution was used to precipitate 200 puL of perfusate, and 10 pL of freshly made (1:20)
horseradish peroxidase was added next. Distilled water was utilized as the blank probe.
At 610 nm, the level of H,O, was detected [37].

2.5.5. Catalase Activity Determination (CAT)

The analysis of catalase activity was carried out based on the Aebi method [38].

First, we diluted the hemolysate with distilled water in a ratio of 1:7. An amount of
100 pL of the hemolysate sample was then mixed with an equal volume of ethanol along
with 50 pL of CAT buffer and 1000 pL of 10 mM H,O,. The catalase activity was then
determined spectrophotometrically at a wavelength of 230 nm [38].

2.5.6. Superoxide Dismutase Activity Determination (SOD)

The activity of superoxide dismutase was carried out using the Beutler method. In
Eppendorf, we first mixed [39] 100 uL of hemolysate with 1 mL of carbonate buffer, then
processed the sample into a vortex and finally added 100 uL of adrenaline. Spectrophotom-
etry was performed at a wavelength of 470 nm [39,40].

2.5.7. Reduced Glutathione Concentration Determination (GSH)

The concentration of reduced glutathione (GSH) was determined using the Beutler
method. The method principle is based on the oxidation reaction of GSH with 5,5-dithio-
bis-6,2-nitrobenzoic acid. Spectrophotometric measurements were made at a wavelength
of 412 nm [39].

2.6. Pathohistological Analysis of Placental Tissue

Samples were also collected according to the recommendations of the Amsterdam
Consensus [41]. Six samples were taken: first a sample of the amniotic sheath from the
rupture site to the edge of the placenta; a sample of the cross-section of the umbilical cord,
one from the fetal and the other about 5 cm from the uterine insertion; and three more
sections of the full-thickness placental disc cut with a scalpel, covering the uterine and fetal
sides, taken from the central two-thirds of the surface of the placenta and one from the
insertion site.

Tissue processing: dehydration, rinsing, and impregnation were carried out using
a tissue processor and then molded into paraffin blocks. Then, using a rotating micro-
tome (Leica RM2135, Tokyo, Japan), we cut the tissue into samples 5 pm thick, at room
temperature, which were then immersed in a water bath at a temperature of 400 °C. The
cross-sections processed in this way were applied to the subject glasses (Superfrost-OT
Plus microscope slides) for microscopy.

Staining Hematoxylin—Eosin Technique

To de-paraffin the tissues, it was necessary to first subject the glasses to heating to
+56 °C and then to spontaneous cooling. After that, we immersed them in xylol consecu-
tively twice for 5 min each. Once we deparaffinated the tissues, we proceeded to rehydrate
the tissues by immersing the glasses in solutions with decreasing concentrations of ethyl
alcohol and then evaporating them with distilled water. The next step was staining with
Mayer solution (Sigma Aldrich, St. Louis, MO, USA) for 10 min, after rinsing with distilled
water and staining with an alcohol solution of eosin (Sigma Aldrich, USA) for the next
2 min. A dehydration process was then carried out, which involved submerging the glass
by increasing concentrations of ethyl alcohol and then illuminating it with two xylol so-
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lutions, each for 5 min [42]. The tiles prepared in this way were then protected by cover
glass after treatment with a medium covering and dried at room temperature. The analysis
was carried out independently by two experienced pathologists on an Olympus BX51
light microscope, Tokyo, Japan. In the case of inconsistent results, the attitude of the third
pathologist was decisive.

2.7. Statistical Analysis

All data are presented in the form of tables and graphs. Statistical analysis was done
using the descriptive (mean, standard deviations and errors, and analytical tests, frequency,
range) and analytical tests (Student t-test, Chi-square test). The statistical threshold was set
at 0.05. All analysis was done in SPSS version 26 for Apple. Inc. (Cupertino, CA, USA).

3. Results
3.1. Basic Demographic and Anamnestic Data of Study Group

This study included 50 pregnant women divided into two groups, SARS-CoV-2 posi-
tive (COVID-19 group) and SARS-CoV-2 negative (control group). In the first group, the
mean age was 30.61 £ 4.72, and in the negative groups, the mean age was 31.41 & 4.65.
The mean gestational week at delivery was 39.19 &+ 0.98 in SARS-CoV-2 positive women,
and 39.42 £ 1.26 in the group SARS-CoV-2 negative. Based on the severity of symptoms
41.38% of patients had mild symptoms, and 58.62% had moderate symptoms.

3.2. Characteristics of the Newborns at Delivery According to the Presence of SARS-CoV-2
Infection in Mothers

Table 1 presents the mean values of the newborn characteristics at delivery. Most of
them were similar in both groups, except for the concentrations of IgM antibody, where we
found that newborns from the COVID group of mothers had significantly higher levels
of these inflammatory markers in comparison with the SARS-CoV-2 negative group (as
shown in Table 1).

Table 1. The mean values of the parameters related to the newborn at delivery according to the
presence of SARS-CoV-2 infection. Results are presented as mean plus standard deviations. Statistical
analysis was done using the Student ¢ test.

Gestational
Age in APGAR APGAR BabyBody DapyBody =~ Head gM Placenta
Parameters , / . Length Circumference Antibody .
Weeks at Score 1 Score 5 Weight (g) Weight (g)
. (cm) (cm) (g/L)
Delivery
Mean 39.19 8.96 9.10 3359.17 48.75 34.38 3.42 608.26
SARS-CoV-2+
SD 0.98 0.62 0.62 491.69 2.25 1.58 3.25 129.81
Mean 39.42 9.23 9.19 3534.09 50.27 35.23 0.30 577.37
SARS-CoV-2—
SD 1.26 0.61 0.60 404.35 2.12 1.38 0.27 143.37
p value p=0.676 p=0556 p=0.780 p =0.465 p=0.681 p=0.899 p =0.000 * p=0.322

A symbol asterisk (*) represents the p values less than 0.05.

3.3. Analysis of the Oxidative Stress Levels According to the Presence of SARS-CoV-2 Infection

According to the presence of the SARS-CoV-2 infection, the mean values of redox status
parameters are presented in the form of Figures 1la—d and 2a—c. The values of the superox-
ide anion radical and index of lipid peroxidation were significantly different in mothers
concerning the presence of the SARS-CoV-2 infection, while the levels of the nitric oxide,
index of lipid peroxidation, reduced glutathione, and superoxide dismutase were signifi-
cantly different in the newborns depending on the SARS-CoV-2 infection (Figures 1 and 2,
Table 2). Other parameters were not significantly changed (Figures 1 and 2, Table 2).
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Figure 1. (a) The mean concentration of the plasma superoxide anion radical (O, 7). Results are
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presented as the mean plus standard deviations. Statistical analysis was done using the Student ¢ test.
The asterisk (*) represents the statistically significant value (p < 0.05). (b) The mean concentration of
the plasma hydrogen peroxide (Hy,O, ™). Results are presented as mean plus standard deviations.
Statistical analysis was done using the student t test. The asterisk (*) represents the statistically
significant value (p < 0.05). (c) The mean concentration of the plasma nitric oxide (NO™). Results are
presented as mean plus standard deviations. Statistical analysis was done using the Student ¢ test.
The asterisk (*) represents the statistically significant value (p < 0.05). (d) The mean concentration
of the plasma index of lipid peroxidation (TBARS). Results are presented as mean plus standard
deviations. Statistical analysis was done using the Student f test. The asterisk (*) represents the
statistically significant value (p < 0.05).
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Figure 2. (a) The mean activity of the hemolysate reduced glutathione (GSH). Results are presented
as the mean plus standard deviations. Statistical analysis was done using the Student t test. Asterisk
(*) represents the statistically significant value (p < 0.05). (b) The mean activity of the hemolysate
superoxide dismutase (SOD). Results are presented as mean plus standard deviations. Statistical
analysis was done using the Student ¢ test. Asterisk (*) represents the statistically significant value
(p < 0.05). (c) The mean activity of the hemolysate catalase (CAT). Results are presented as mean plus
standard deviations. Statistical analysis was done using the Student ¢ test.

Table 2. Data from statistical analysis using the Student T test in comparison with two groups of
concentrations of pro-oxidative markers antioxidative enzymes. Asterisk (*) represents the statistically

significant value (p < 0.05).

Mothers Newborns
Comparison
SARS-CoV-2+ vs. SARS-CoV-2— SARS-CoV-2+ vs. SARS-CoV-2—
O,~ p=0.002* p=0.113
H,0O, p=0.012* p=0.043*
NO~ p =0.509 p =0.003 *
TBARS p=0.001* p=0.004*
GSH p=0.322 p=0.001*
SOD p =0.488 p=0.002*
CAT p =0.566 p =0.623
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3.4. The Histopathologic Lesions in the Placenta Concerning the Presence of SARS-CoV-2 Infection
and the Timing of Infection

The incidence of pathohistological changes of the FVM type in the COVID-19 group
of pregnant women was 46%. In contrast, in the control group, they were represented
in 18% of placentas, and the incidence of MVM in the COVID group was 32%, and in
the experimental group, this was 18%. According to the moment of infection in the first
trimester, pathohistological changes were registered in only 3% of patients infected in
the first trimester. In contrast, they were more prevalent when the infection occurred
during the second and third trimesters in 44.4% and 47% of patients in the COVID group.
Inflammatory lesions in placental tissue were detected in 14.81% of placentas in the COVID
group and only 4.5% of subjects in the control group. A total of 70% of all placental lesions
were detected in patients with a moderate/severe presentation of COVID-19. Table 3
presents mothers” main morphometrical placental characteristics regarding the presence of
COVID-19. The results are presented as the frequency of the observed entity as a percentage
(%) (Table 3).

3.5. Neonatal Outcome

In the COVID-19 group, 62% of newborns were girls, 38% were boys, and in the
control group, 41% were girls and 59% were boys.

The mode of delivery was vaginal birth in 68%, and C-section in 32% in the COVID-
19 group, and vaginal birth in 45%, and C-section in 55% in the control group. New-
borns of mothers from the COVID group had a similar mid-length of hospitalization—
4.37 + 1.1 days—as newborns from the control group, who had a mid-length of hospital-
ization 4.22 £ 2.72 days.

The length of newborn stay in the neonatal ICU was 3.51 &+ 1.08 days in the COVID
group and 2.22 + 1.39 days in the control group. Using a t-test for two independent samples
we noticed a significant difference in the length of hospitalization in the NICU between the
two groups (p < 0.0006).

Newborns from COVID-positive mothers were tested with nasopharyngeal swabs
for RT-PCR SARS-CoV-2 test in the first 24 h post-delivery. Only one positive result was
registered in newborns.). A total of 42.8% of newborns from the COVID group mothers
had positive SARS-CoV-2 IgM antibody results, and in the control group there were no
positive SARS-CoV-2 IgM antibody results.
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4. Discussion

This prospective clinical study aimed to analyze the differences between basic, clin-
ical, anamnestic, and biochemical data among pregnant women who were affected by
COVID-19 or not affected. The special purpose of this research lies in the evaluation of the
effects of the SARS-CoV-2 infection on fetal and newborn characteristics. Based on previous
findings and literature data, for the first time, this study evaluated the pathohistological
changes in placental tissue among COVID-19 women who gave birth.

In the COVID group predominant mode of delivery was vaginal birth, except in
a group of pregnant women with active COVID infection during delivery. Although
the C-section birth rate was high (32%) it was significantly lower than previous studies
showed [43—45]. The leading indications for C-section in the COVID group were previous
delivery completed by C-section, fetal distress during labor, and malpresentation, similar
to the control group. Our study showed that there was no statistically significant increase
in the number of cesarean sections in patients with COVID-19 during pregnancy. Studies
dealing with this issue had contradictory results, and some investigators have shown
an increased risk of operative termination of labor in COVID-19 patients [46—48], but
others have shown that the mode of delivery does not depend on COVID-19 infection in
pregnancy [49].

No significant differences in neonatal outcomes were found between COVID-19 and
the control group regarding birth weight, length, and head circumference. Some similar
studies showed associations between COVID-19 symptoms and birth weight, the risk of
prematurity, and ventilation in the early neonatal period [50]. The hospitalization length
for newborns was similar in both groups. No significant decrease in hospitalizations was
noted in our study, despite expectations because of the suspension of elective admissions,
similarly as Gaetano’s study has shown [51].

Neonatal ICU hospitalization length was 3.51 £ 1.08 days in the COVID group and
2.22 £ 1.39 days in the control group. Our findings support expert recommendations about
the necessity of multidisciplinary teams available in hospitals that take care of COVID-19-
positive and suspected mothers and their infants [52]. Additionally, a neonatal intensive
care unit is mandatory for hospitals that take care of the delivery of those patients, and
there is no clear evidence about possible direct transmission of SARS-CoV-2 from mother
to infant.

Pregnancy and placental growth and development are accompanied by numerous
changes due to the balance of the ROS and the antioxidant protection system, which
is also involved in the complex mechanisms of cell signaling. The development of the
placenta begins with the insertion of a fertilized blastocyst and the primary mode of
transport through the placenta is diffusion conditions of low partial pressure of O,, which
is necessary for the normal growth and development of the embryo and the prevention of
the formation of ROS [53]. As pregnancy progresses from the periphery of the placenta to
the center, there is a gradual opening of the occluding blood vessels and a gradual increase
in the partial pressure of oxygen within the intervillous space due to the continuous flow
of oxygenated blood. This process takes place at the end of the first trimester and is
responsible for the shift in the partial pressure of oxygen in the intervillous space [54].
When there is a disturbance at any level of placentation, the result is a sudden increase in
oxygen pressure within the intervillous space and the consequent formation of ROS [55].
A gradual increase in O, pressure allows the placenta to adapt to the new conditions of
ROS formation by developing an antioxidant protection system (primarily by producing
GPx and CAT) [56]. To counteract the effect of ROS (O,~, NO, H,O,, ONOO™) in the
cells of the cytotrophoblast and stroma, a protection system is developed that includes the
enzymes MnSOD, CuSOD, ZnSOD. However, when the level of ROS production exceeds
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the antioxidative capacity of the placenta, protein, lipids, and DNA damage occurs with
consecutive cell damage and death [53,56].

The determination of individual biomarkers of oxidative stress in placental pathology
has no scientific or clinical significance, but a comparative examination at birth showed
a positive correlation between elevated values of OS biomarkers in the mother’s blood
and blood from the umbilical cord of the newborn [57]. Placental ischemia, resulting from
SARS-CoV-2 infection, or systemic hypoxia and inflammation, leads to a disturbance in
the balance of ROS and antioxidant protection and the onset of oxidative stress. OS is
responsible for damage to proteins, lipids, and DNA. The placenta has mechanisms to
counteract oxidative stress to reduce tissue damage, such as the production of NO, a potent
vasodilator and antioxidant [58].

Our study showed that levels of TBARS were significantly increased in mothers of
the COVID-19 group (p = 0.002) compared with mothers of the control group, possibly
because of lipid membrane damage caused by the SARS-CoV-2 virus. O, levels were
significantly higher in mothers from a control group and H,O, levels were significantly
higher in mothers and neonates from a control group, which corresponds with the mode of
delivery. SC was more frequent in the control group 55% and 32% in the COVID-19 group.
The method of delivery could significantly affect the elevated level of biomarkers OS in
the newborn, where these values are significantly increased in prolonged vaginal delivery
and emergency cesarean section, as well as in stimulated oxytocin delivery. [20,59-61].
Additionally, the leading indication for C-section in the control group was non-reassuring
fetal status and previous C-section.

Levels of NO were significantly lower in newborns of the COVID-19 group in our
study, indicating that the placentas of COVID mothers could not sufficiently counterbalance
the production of ROS after and during SARS-CoV-2 infection. Increased levels of SOD in
COVID-19 group newborns suggested that the placenta developed an enzymatic oxidative
damage defense system.

The effect of the oxidative stress of the mother on the oxidative stress of the fetus
depends on the antioxidant capacity of the newborn, which is determined genetically,
depending on the sex of the fetus, the maturity of the fetus, and the age of the mother [20].

Studies focused on the effect of oxidative stress on placental tissue depending on
the timing of infection in pregnancy have shown that changes within the scinciotroblast
dominate the first trimester compared to the cytotrophoblast. This is reflected in a decrease
in the surface area of microvilli and a decrease in mitochondria, with a very low amount
of antioxidants detected [62]. A factor responsible for the onset of oxidative stress during
the second and third trimesters is the intermittent flow of maternal blood within the villus,
which produces ischemic reperfusion damage [63]

Some studies have proposed that the determination of different types of OS biomarkers
from the umbilical cord, placenta, and maternal blood could have implications in the
prediction of placental pathology and clinical symptomatology [58,64]. Our study showed
that TBARS could have clinical implications in identifying high-risk COVID-19 pregnancies
requiring closer monitoring and neonatal care with pediatric follow-ups watching neonatal
development. Other OS biomarkers in our study were more dependent on the mode of
delivery and placental ability to counterbalance the oxidative stress.

Besides oxidative stress damage, a potential pregnancy hazard is the transmission of
the virus to the fetus. There are a few possible maternal/fetal (neonatal) infection methods.
Fetal infection can occur in utero by direct transplacental transmission. The other possible
way is intrapartum infection (neonatal contact with cervical or vaginal secretions or blood),
and the third way is after birth via breastfeeding or direct maternal-neonatal contact [65].
All patients with active COVID newborns were tested with a SARS-CoV-2 RT PCR test, only
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one was positive. Our study found that 42.8% of newborns from the COVID group mothers
had positive IgM antibody findings. A similar study performed by Maranto showed IgM
positive in 2.4% of newborns [50]. Initial studies focused on direct transmission showed
that there was no convincing evidence of this mode of infection; however, at the end of the
pandemic, worldwide pandemic meta-analyses showed that about 8.8% of newborns of
COVID-19-positive mothers at birth had a positive SARS-CoV-2 PCR or serological test
obtained after taking a nasopharyngeal swab [66,67]. The method of determining direct
transmission to the fetus is also a subject of scientific doubt. In adults, the respiratory
tract is the primary site of infection and the highest concentration of the virus, and the
analysis of samples is performed through a nasopharyngeal or oropharyngeal swab. In
a newborn, in addition to this method, it is proposed to do the serological determination
of the concentration of specific IgM antibodies to SARS-CoV-2, concerning the unknown
site of primary infection [68,69]. IgM antibodies as part of the immune response to a
specific viral infection, unlike IgG antibodies, cannot cross the placental barrier and can
be useful in determining potential direct transmission to the fetus, but the weakness of
this method is the existence of a cross-reaction and a false positive result, and the PCR
test of the nasopharyngeal /oropharyngeal mucosa is the gold standard for determining
the presence of SARS-CoV-2 infection in the newborns [70]. Studies focused on direct
transmission have also used RNA Scope and in-situ hybridization in scinciciotrophoblast
cells, but the main problem with interpreting the results is the inconsistency of the results
of the available tests. The sensitivity of the RT-PCR test is highest from the bronchial lavage
sample (93%), and significantly lower from the nasopharyngeal swab and feces (63% and
29%, respectively), but as it is invasive, this method is not suitable for testing pregnant
women and newborns [71].

Investigating routes of possible fetal or neonatal transmission should provide sufficient
information for future decisions considering the obstetric way of delivery, neonatal care,
isolation of neonates, or safety of breastfeeding [72].

During this interaction of viruses and the host, if the overproduction of ROS exceeds
the antioxidant capacity of the placenta, tissue damage may occur [31,73]. Maternal vas-
cular malperfusions (MVM) were the most frequent finding of some studies, while others
have reported fetal vascular malperfusions (FVM) as a predominant finding, diagnosed
according to the Amsterdam criteria based, on the side of the placenta on which they
occurred [45,74-77]. (FVM) Fetal vascular malperfusions are specific lesions of the pla-
centa that arise from the obstruction of fetal blood flow. They can originate from the
umbilical cord (hyperkoyling of the umbilical cord), from hypercoagulability, hypoxia,
and inflammation-mediated endothelial damage (acute chorioamnionitis with chorionic
vasculitis or funisitis and chronic villitis) [78-82].

According to the Amsterdam criterion, FVM is represented by the following findings:
thrombosis, segmental avascular villi, villous stromal-vascular karyorexa, vascular intra-
mural fibrin deposition, blood vessel obliteration/fibromuscular sclerosis and vascular
ectasia [79]. MVM encompasses a spectrum of macroscopic and microscopic changes in
the placenta. These changes are the result of ischemic (hypoxic) damage and oxidative
stress [83]. Macroscopic changes are placental hypoplasia (weight < 10th percentile), nar-
rowed umbilical cord (diameter less than 0.8 cm at term), infarction, and retroplacental
hemorrhage [41,79,84]. Microscopic lesions of the placenta include distal villi hypoplasia
and accelerated villi maturation [41,79,84].

In addition to vascular changes, some studies have also proven the presence of inflam-
matory histopathological changes within the placentas of patients infected with COVID.
Chronic villitis can be a consequence of viral infections, but in most cases, the etiology
has not been identified [85]. Several studies have examined macroscopic and microscopic
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histopathological changes within the placental tissue in patients infected during pregnancy,
but the results are incoherent [86-92]. Some studies even demonstrated no specific pla-
cental pathological findings in COVID patients regardless of the timing or severity of the
disease [93,94]. The weaknesses of these studies are represented by the small number of
samples, the inconsistency in the classification of histopathological changes, confounding
factors such as chronic diseases in pregnancy and lifestyle habits that can have a significant
impact on the result, as well as the choice of the control group.

Our study showed that placental pathology findings differ significantly between
COVID-19 and the control group. We have found MVM lesions in 32% of the placentas of
the COVID group and 18% of patients in the control group (Figure 3a,b). FVM lesions were
present in 46% of the placentas of patients in the COVID group and 18% of patients in the
control group (Figure 3c—e). Previous studies showed unequivocal results of placental find-
ings, some demonstrated FVM in 30% and the other only 8% of placentas examined [76,95].
The most frequent findings in placental pathology of COVID patients in our study were:
the obliteration of blood vessels, avascular villi, retroplacental hemorrhage, and accelerated
villus maturation. Other studies” most frequent pathophysiological findings were fibrin
deposition, microcalcification, thrombus (Figure 3d), avascular villi (Figure 3e), infraction,
and villous edema (Figure 3f) [96].

Previous observational studies dealing with the problem of MVM have shown that
these changes were asymptomatic, but the cumulative effect was reflected in placental hy-
poperfusion leading to adverse perinatal outcome and fetal complications and is associated
with preeclampsia and intrauterine growth retardation IUGR) [97-100]. IUGR is a fetus
that does not reach its genetic potential during intrauterine growth and development and
is present in as many as 15% of pregnancies [101].

FVM lesions are associated with abnormalities of the neonatal central nervous system,
IUGR, fetal cardiac abnormalities, intrauterine fetal death, and stillbirth [65,74,82,102].

Impaired placental function is responsible for short and long-term adverse outcomes
for the child and mother. Short-term consequences require urgent intervention in the
antepartum or peripartum period. Placental pathologic lesions could be a valuable clue
in discovering long-term consequences that require special attention [103]. However,
pathological reports of placental tissue should be available not only to obstetricians but
more importantly to pediatricians who should be aware of potential risks for a child’s
long-term developmental consequences [104].

Besides the evident difference in the frequency of placental lesions between SARS-CoV-2
and the control group in our study, there was no evidence of a significant difference in fetal
and neonatal outcomes except in the newborns’ length of stay in the NICU. There is evi-
dence that fetuses exposed to SARS-CoV-2 influence intrauterine have a tenfold increased
risk for neurodevelopmental delay [105], so further follow-up should be warranted for
those neonates. Neurodevelopmental disorders are not easily recognizable so an adequate
timeframe should be set to follow development through early childhood, preschool, and
school-age [103]. Given that the growth and development of the placenta is a dynamic
process controlled by genetics and immunology, the moment when COVID-19 infection
occurs during pregnancy can be an important factor in histopathological changes and
maternal and fetal outcomes. Some studies showed that the timing of infection is crucial
for developing pathophysiological placental lesions [74].

Genetic abnormalities are associated with placental lesions and no favorable neonatal
outcome, so future studies should take into consideration the performance of non-invasive
prenatal diagnosis tests as a reliable alternative to invasive methods in reviling genetic
abnormalities in participants’ offspring [106].
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At the beginning of our study, COVID-19 vaccines were not available in our county,
and during the study when vaccination started there were no clear recommendations for
vaccination during pregnancy. Serbian Government Health Department recommended
vaccination during pregnancy in March 2022 when the collection of material for our study
was completed. They recommended the vaccination of all women of fertility age without
the need to postpone pregnancy and vaccination during the whole period of pregnancy
with the Pfizer-BioNTech vaccine [107] Even then, there was a low vaccine acceptance
in the population of pregnant women in Serbia. Vaccination acceptance is dependable
on the patient’s education level, perception of barriers to vaccines, but also gynecologist
advice [108], so future studies should provide more adequate information for doctors
and patients.

Future studies should consider the vaccinal status against SARS-CoV-2, and the
possible influence of vaccines on placental changes and neonatal and maternal outcomes.
Future studies should also determine the variant of the SARS-CoV-2 virus because some
studies showed differences in fetal and maternal outcomes depending on the presence of
variant Alpha, Delta, or Omicron [109].

Besides potential pregnancy hazards originating from placental pathological lesions
and increased oxidative stress, there is also increased psychological stress influencing
the mental health of pregnant women during the COVID-19 pandemic. The increased
number of suicides and self-harming was noticed during the pandemic [13] Some studies
showed a relationship between neuroticism and a fear of COVID-19, and neuroticism is
also a predictor of depression [110]. Patients from this group of high-risk pregnant require
continuous psychological support during this delicate lifetime moment that should even
extend beyond childbirth [111].

Our study’s limitations include the small number of participants and the fact that it
was unblinded for pathologists, so there is potential bias.

5. Conclusions
Based on the previous observation, in the summary we can conclude the following issues:

1. The types and frequency of pathohistological changes in placental tissue in patients
with SARS-CoV-2 confirmed infection during pregnancy differs from the control
group. FVM is found to be the most frequent placental lesion in the COVID-19
group. Additionally, there were no significant differences noticed in neonatal out-
comes, and delayed consequences are possible for those neonates, so more frequent
follow-ups should be warranted for children whose mothers were SARS-CoV positive
during pregnancy.

2. Neonates of SARS-CoV-2 mothers had a longer NICU hospitalization length, so the
approach to those high-risk pregnancies should be multidisciplinary with manda-
tory NICU in hospitals that provide medical care and delivery for SARS-CoV-2
positive patients.

3. Values of the parameters of the antioxidant protection system, as well as pro-oxidants:
(lipid peroxide index measured as TBARS, nitric oxide in the form of nitrite (NO, ™),
superoxide anion radical (O, ), hydrogen peroxide H,O,, superoxide dismutase
(SOD), reduced glutathione (GSH)) significantly differed between the COVID-19 and
control group samples. T-BARS is a valuable biomarker of possible SARS-CoV-2
placental damage. It could help to identify high-risk COVID-19 pregnancies that
require special attention regarding delivery and neonatal care.

4. Other OS biomarkers in our study were more dependent on the mode of delivery and
placental ability to counterbalance oxidative stress.
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5. Neonatal outcome: Apgar score and body weight of the newborn did not differ
significantly between newborns from mothers of COVID-19 and the control group.
COVID-19 patients do not have higher obstetrics potential for a C-section or instru-
mental delivery.

6.  Placental pathology reports should be available to pediatricians because they could be
valuable in identifying neonates with a risk for long-term developmental consequences.

COVID-19 pregnancies exhibited an increase in histopathological abnormalities of
the placenta, namely vascular and inflammatory changes of unknown etiology, as well as
disturbing the redox status of mothers and newborns. Future studies investigating the
specific influence of SARS-CoV-2 on placental tissue and newborn outcomes are needed,
with more participants considering the vaccinal status of the patient, variant of SARS-CoV-
2, with longer follow-ups for newborns, following neonatal and child development through
early childhood, preschool, and school age.
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Abstract

Background/Objectives: Pregnancy has been considered a risk factor for severe SARS-
CoV-2 infection, as well as for adverse maternal and neonatal outcomes. This study aimed
to assess the clinical impact of COVID-19 on pregnant women managed at a Spanish
tertiary care hospital across different phases of the pandemic. Methods: A retrospective
observational study was conducted at Dr. Balmis General University Hospital (Alicante,
Spain) between March 2020 and May 2023. All pregnant women who received hospital care
with confirmed SARS-CoV-2 infection were included. Maternal and neonatal outcomes
were analyzed and compared with the 6120 total births recorded during the same period.
Results: A total of 249 pregnant women with COVID-19 were included, with 30.8%, 25.0%,
and 7.9% hospitalized during each respective pandemic phase. The overall incidence of
infection was 41 cases per 1000 births. Hospitalized pregnant women showed significantly
higher rates of preterm birth, labor induction (70.4% vs. 47.0%; OR: 2.67; 95% CI: 1.12-6.43),
and cesarean delivery (46.9% vs. 24.9%, OR: 2.60; 95% CI: 1.27-5.50). Neonatal outcomes
included lower Apgar scores, increased admission to the neonatal unit (25.8% vs. 8.2%,
p =0.007), and a higher rate of neonatal complications (23.3% vs. 7.7%, p = 0.015). Maternal
obesity and non-Spanish nationality were associated with more severe maternal disease.
Vaccination against SARS-CoV-2 significantly reduced the risk of hospitalization due to
the infection (OR: 0.30; 95% CI: 0.13-0.69). Conclusions: Pregnant women admitted with
COVID-19 had increased risks of adverse obstetric and neonatal outcomes, underscoring
the importance of preventive strategies, such as vaccination.

Keywords: COVID-19; SARS-CoV-2; pregnancy; cesarean delivery; maternal outcomes;
neonatal outcomes; risk factors; vaccination

1. Introduction

Since the World Health Organization (WHO) declared COVID-19 a global pandemic
on 11 March 2020, its impact on pregnancy has become a significant clinical concern due to
its potential maternal and perinatal consequences. Pregnancy has been recognized as a risk
factor for more severe SARS-CoV-2 infection as well as for adverse obstetric and neonatal
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outcomes [1]. Although most pregnant women presented with mild symptoms, with
73-86% remaining asymptomatic [2], approximately 16% progressed to severe disease [3].

Throughout the pandemic, the literature has reported variable effects of this coron-
avirus on maternal and neonatal health. Multiple studies have shown that SARS-CoV-2
infection during pregnancy is associated with higher maternal mortality [4], an increased
risk of intensive care unit (ICU) admission compared to nonpregnant women, and up to
a 3.5-fold increase in hospitalization rates [5-7]. Advanced maternal age, elevated body
mass index (BMI), non-White ethnicity, and preexisting comorbidities have been associated
with a worse prognosis [5].

The impact of SARS-CoV-2 on pregnancy-related outcomes has also been extensively
discussed. Several studies have reported increased cesarean delivery rates [6,8] and higher
risks of pregnancy-associated complications, including gestational diabetes, hypertensive
disorders, and preterm labor [8,9]. In contrast, no significant differences have been observed
in the incidence of other obstetric complications, such as postpartum hemorrhage [10].

Importantly, across the different phases of the pandemic, each SARS-CoV-2 variant
has been associated with distinct clinical implications. The original Wuhan wild-type strain
was initially considered the most virulent, with potentially more severe clinical outcomes
involving the highest rate of cesarean deliveries [11]. The Delta variant demonstrated
approximately 60% greater transmissibility than its predecessor and was linked to a signifi-
cantly higher incidence of adverse clinical events [11,12]. In contrast, the Omicron variant,
although more transmissible, was generally associated with milder clinical manifestations
compared to earlier variants [11,13]. Despite these findings, few studies have explored the
evolving impact of COVID-19 across the different pandemic phases, variant waves, and
their specific implications for pregnancy.

In summary, the COVID-19 pandemic has presented a significant challenge to maternal
and perinatal health, with an impact that remains incompletely characterized. Although
the acute phase of the pandemic has passed, limited evidence is available regarding the
progression of its clinical effects across successive viral variants, the role of vaccination,
and its overall consequences for pregnancy. To address these gaps, we conducted a study
to evaluate the clinical outcomes of SARS-CoV-2 infection during pregnancy, as well as its
evolution throughout the different phases of the pandemic.

This study aims to provide real-world evidence of the temporal progression of the
COVID-19 pandemic and its impact on maternal and perinatal outcomes at a Spanish
tertiary care hospital from 2020 to 2023.

2. Materials and Methods
2.1. Study Design and Type

A retrospective cohort study was conducted, including all pregnant women diagnosed
with COVID-19 during pregnancy who received care for this reason at Dr. Balmis General
University Hospital (DBGUH) in Alicante, Spain, between 11 March 2020 and 5 May 2023.
DBGUH is a tertiary-level referral center equipped with a neonatal intensive care unit
(NICU) and serving a healthcare area of approximately 290,000 inhabitants. In addition to
providing routine obstetric care, the hospital manages high-risk pregnancies, particularly
those in which neonatal complications are anticipated and NICU admission is expected.

2.2. Study Population

Inclusion criteria: Those considered eligible for participation in this study fit the
following criteria: pregnant women who received care at DBGUH and were diagnosed
with SARS-CoV-2 infection using reverse transcription polymerase chain reaction (RT-
PCR) during pregnancy between 11 March 2020 and 5 May 2023, and who subsequently
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gave birth at the same hospital. Therefore, moderate-to-severe cases of pregnant women
with confirmed SARS-CoV-2 infection and COVID-19-related symptoms who attended the
hospital emergency department for this reason were included.

All COVID-19 diagnoses included in the study were confirmed through reverse tran-
scription polymerase chain reaction (RT-PCR) performed by medical professionals at the
hospital. Home-based self-tests were not included, as the study was based on hospital
medical records and laboratory-confirmed cases.

Exclusion criteria: The following cases were excluded: (1) patients incorrectly coded
with COVID-19 who were not pregnant at the time of infection, and (2) pregnant women in
whom SARS-CoV-2 infection was ruled out or could not be microbiologically confirmed.

The study group was compared in terms of obstetric outcomes with a control group.
The inclusion criteria for the control group consisted of pregnant women without a con-
firmed SARS-CoV-2 infection (either a negative COVID-19 PCR test or no available test
results) who gave birth at the same tertiary hospital during the study period, and who
were not treated in the emergency department for COVID-19 infection during pregnancy.

2.3. Study Periods and Phase Definitions

Three study periods were defined based on the predominant circulating SARS-CoV-2
variants and the progression of the national COVID-19 vaccination campaign in Spain,
according to epidemiological surveillance data:

- Period 1 (11 March 2020-28 February 2021): Characterized by the original Wuhan
strain and a non-vaccinated population. 28 February 2021 was selected as the cutoff
point because it marked the beginning of sustained circulation of the Alpha variant in
Spain and the initial rollout of COVID-19 vaccination in pregnant women.

- Period 2 (1 March 2021-31 December 2021): Defined by the predominance of the Delta
variant and a partially vaccinated population. During this phase, vaccination coverage
among pregnant women began to progressively increase.

- Period 3 (1 January 2022-5 May 2023): Corresponding to the predominance of the
Omicron variant and widespread vaccination coverage. This period was associated
with high vaccination rates and reduced COVID-19 severity, in line with the evolving
behavior of circulating variants and the national public health response.

These cutoff dates were selected to reflect key epidemiological and clinical transitions
throughout the pandemic that may have influenced maternal and neonatal outcomes.

The results for each study period were compared with those recorded for a cohort
of pregnant women without COVID-19 who delivered at the same hospital during the
corresponding timeframe.

2.4. Data Collection and Definitions

Clinical data were obtained from electronic medical records and systematically
recorded in an anonymized data collection form.
The following variables were collected:

e  Maternal history: Maternal age, gestational age at the time of infection, country
of birth, height, weight, body mass index (BMI), pregestational comorbidities (e.g.,
chronic respiratory disease, chronic hypertension, pregestational diabetes), COVID-19
vaccination status, parity, and history of previous spontaneous abortion.

e  COVID-19-related variables: Symptoms (fever, cough, sore throat, dyspnea, myalgia,
anosmia), emergency department visits, hospitalization, length of hospital stay, ICU
admission and length of stay, treatments received (low molecular weight heparin, corti-
costeroids, oxygen therapy), and complications (bilateral pneumonia, thromboembolic
events, maternal death, use of invasive or non-invasive mechanical ventilation).
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e Pregnancy-related variables: Pregnancy outcome (miscarriage, preterm delivery, or
term delivery), gestational complications (gestational diabetes, hypertensive disor-
ders, threatened preterm labor), and fetal conditions (intrauterine growth restric-
tion (IUGR)/small for gestational age (SGA), congenital anomalies, or other fe-
tal complications).

e  Delivery and perinatal outcomes: Date of delivery, gestational age at delivery, onset of
labor (spontaneous or induced), and mode of delivery (vaginal or cesarean).

e  Maternal postpartum complications: Postpartum hemorrhage, need for maternal
blood transfusion, postpartum fever, ICU admission, and other maternal complica-
tions.

e Neonatal outcomes: Birth weight, Apgar scores, arterial and venous umbilical cord
pH, NICU admission, perinatal complications, and neonatal death.

The two primary outcomes of the study focused on pregnant women with confirmed
SARS-CoV-2 infection. The first outcome was the need for hospital admission after emer-
gency department evaluation. The second outcome was the development of severe mater-
nal COVID-19, defined as ICU admission, the use of invasive or non-invasive mechanical
ventilation (IMV/NIMV), and/or maternal death.

2.5. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, version
25.0 (IBM Corp., Armonk, NY, USA). All variables were subjected to descriptive analysis.
The distribution of quantitative variables was assessed using the Kolmogorov-Smirnov
test. Variables with a normal distribution were reported as mean and standard devia-
tion (SD), while non-normally distributed variables were expressed as the median and
interquartile range (IQR). Categorical variables were summarized as absolute frequencies
and percentages.

To compare quantitative variables between groups, Student’s t-test was used for
normally distributed variables and the Mann-Whitney U test was applied for non-normally
distributed ones. For categorical variables, comparisons were performed using the chi-
square test or Fisher’s exact test, as appropriate. The strength of association was quantified
using odds ratios (ORs) with 95% confidence intervals (95% CI). A p-value < 0.05 was
considered statistically significant.

A complete case analysis was conducted for each variable. Due to the retrospective
nature of the study and the variability in the completeness of clinical records, the number
of available observations (N) differed slightly between variables.

2.6. Ethical Approach

The study was conducted following the ethical principles of the Declaration of Helsinki.
The protocol was approved by the Ethics Committee of the Alicante Health Department-
General Hospital, with project identification code CEIm P12024-036 /ISABIAL 2024-0049, on
7 March 2024. All data were collected in an anonymized form, and patient confidentiality
was rigorously maintained throughout the study.

3. Results
3.1. COVID-19 in Pregnant Women

A total of 319 pregnant women diagnosed with SARS-CoV-2 infection during preg-
nancy and evaluated in the emergency department were initially identified.

After applying the exclusion criteria, 70 women were excluded, resulting in a final
study population of 249 pregnant women for analysis. The included and excluded patients
are presented in Figure 1. Figure 1 illustrates the selection process of the study cohort:
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A total of 319 pregnant women were initially identified with a diagnosis of COVID-19
during pregnancy. Of these, 70 were excluded due to not meeting the inclusion criteria
(e.g., incomplete data, delivery outside the hospital), and 9 experienced a miscarriage
before 22 weeks of gestation. Therefore, the final study cohort—meeting all inclusion and
exclusion criteria—consisted of 240 pregnant women with confirmed SARS-CoV-2 infection
whose pregnancies progressed beyond 22 weeks and who delivered at the hospital.

+41 not pregnant during
odad g i infection
exclu uring data collection
» 64

* « 17 follow-up losses

* 6 unconfirmed COVID-19
excluded during data analysis _

» 6 |-6i clinical history

X i

Figure 1. Flowchart of the inclusion and exclusion process for pregnant women with confirmed.
SARS-CoV-2 infection during the study period. This figure represents the selection of the COVID-19
cohort only.

Between 11 March 2020, and 28 February 2021 (Period 1), 39 women (15.7%) were
managed. Between March 12021 and 31 December 2021 (Period 2), 20 women (8.0%) were
included. Most cases occurred between 1 January 2022 and 5 May 2023 (Period 3), involving
190 women (76.3%). Overall, 12.9% of the pregnant women evaluated in the emergency
department required hospitalization. The hospital admission rates were 30.8% in Period 1,
25.0% in Period 2, and 7.9% in Period 3. These trends are shown in Figure 2.

92.11%
(175/190)

100

75.00%

69.239% (1520 L owerert

(27/39)

75

I Pregnant women admitted to hospital
50 [ Pregnant women NOT admitted
30.77%
(12/39)

% 7.89%

March 11, 2020 — February 28, 2021 March 1, 2021 — December 31,2021  January 1, 2022 — May 5, 2023

Figure 2. Number and percentage of pregnant women with confirmed COVID-19 and hospital
admission rates across the different phases of the pandemic.

3.2. Obstetric Outcomes: COVID-19 vs. Non-COVID-19 Pregnancies

During the study period, a total of 6120 deliveries occurred at the hospital. Of these,
5880 involved pregnant women without COVID-19, whose deliveries took place at the
hospital but who did not meet the inclusion criteria for the study cohort. The remaining
240 deliveries involved pregnant women with confirmed SARS-CoV-2 infection during
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pregnancy, all of whom were evaluated and managed at the hospital’s obstetric emergency
department, and whose deliveries also occurred at the same institution. This corresponds
to an incidence of 4.1%, or 41 cases per 1000 deliveries.

Of the initial 249 COVID-19 cases managed at the hospital (Figure 1), 9 pregnancies
ended in miscarriage before 22 weeks of gestation and were excluded from the analysis.
The final study cohort included 240 pregnant women who met all the eligibility criteria.

Pregnant women with COVID-19 showed a significantly higher rate of preterm birth
compared to the non-COVID-19 group (18.3% vs. 8.7%, p < 0.001). Comparative results
between both groups, stratified by gestational age and study period, are presented in
Table 1.

Table 1. (a) Gestational age at delivery in pregnant women with and without COVID-19, stratified by
gestational age and study period. (b) Obstetric outcomes across different phases of the study period.

(a)

Gestational Age at Birth

<28 Weeks
28-37 Weeks
>37 Weeks
. Overall COVID-19 Non-COVID-19
Period of Study % (/N) @ % (/N1) % (/N2) p-Value
i 1.11 (21/1894) 5.56 (2/36) 1.02 (19,/1858)
4?35;5230582%8 8.08 (153/1894) 36.11 (13/36) 7.53 (140/1858) <0.001
y 90.81 (1720/1894) 58.33 (21/36) 91.44 (1699,/1858)
i 0.74 (12/1630) 0(0/18) 0.74 (12/1612)
1DI\§$$2822102311 8.83 (144/1630) 22.22 (4/18) 8.68 (140/1612) 0.125
90.43 (1474,/1630) 77.78 (14/18) 90.57 (1460/1612)
- 0.96 (25/2596) 0(0/186) 1.04 (25/2410)
1] arﬁ:rggggz > 7.82 (203/2596) 13.44 (25/186) 7.39 (178/2410) 0.005
y 91.22 (2368/2596) 86.56 (161/186) 91.58 (2207/2410)
0.95 (58/6120) 0.83 (2/240) 0.95 (56/5880)
Overall 8.17 (500/6120) 17.5 (42,/240) 7.79 (458 /5880) <0.001
90.88 (5562/6120) 81.67 (196,/240) 91.26 (5366,/5880)
(b)
Cesarean Section Induced Labor
Period of stud COVID-19 No COVID-19 value COVID-19 No COVID-19 value
y % (n/N1) % (n/N?) v % (n/N1) % (n/N?) P
4 March 2020-28
February 2021 36.1 (13/36) 23.3 (433/1858) 0.072 47.2 (17/36) 40.3 (749/1858) 0.441
1 March 2021-31
Do ool 333 (6/18) 23.8 (384/1612) 0.181 66.7 (12/18) 41.1 (662/1612) 0.028
1 January 2022-5 27.4 (51/186) 24.1 (582,/2410) 0.321 414 (77/186)  34.9 (842/2410) 0.075
May 2023
Overall 29.2 (70/240) 23.8 (1399,/5880) 0052  442(106/240)  38.3 (2253/5880) 0.521

2 Data are presented as percentages (%), number of events (n), and total number of cases (N). N': total number
of deliveries in women with COVID-19; N2: total number of deliveries in women without COVID-19. In bold:
p <0.05.

Cesarean section rates were higher in COVID-19 pregnancies across all periods, al-
though the differences were not statistically significant: 36.1% vs. 23.3% in Period 1
(p = 0.072); 33.3% vs. 23.8% in Period 2 (p = 0.181); and 27.4% vs. 24.1% in Period 3
(p = 0.321). The overall cesarean section rate approached statistical significance: 29.2% vs.
23.8% (p = 0.052).
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The induction of labor was also more frequent among patients with COVID-19 across
all periods: 47.2% vs. 40.3% in Period 1 (p = 0.411), 66.7% vs. 41.1% in Period 2 (p = 0.028),
and 41.5% vs. 34.9% in Period 3 (p = 0.075). Table 1 presents detailed data on cesarean
sections and labor inductions for each phase.

3.3. Epidemiological and Clinical Characteristics in Pregnant Women with COVID-19: Admitted
vs. Non-Admitted

Of the 249 pregnant women included, 32 (12.9%) required hospitalization due to
COVID-19. Table 2 summarizes the epidemiological characteristics, comorbidities, clinical
symptoms, complications, and outcomes among the pregnant women with COVID-19
evaluated in the emergency department, comparing those who were admitted to those who
were not. The proportion of admissions was higher during the first and second periods
of the study (37.0% and 15.6% vs. 12.4% and 6.9%), whereas it was lower in the third
period (46.9% vs. 80.6%; p < 0.001). A history of pulmonary disease was significantly more
frequent among admitted pregnant women (15.6% vs. 5.1%, p = 0.04).

Table 2. Epidemiological characteristics, comorbidities, clinical symptoms, complications, and
outcomes in pregnant women hospitalized with COVID-19.

Overall Non-Admitted Admitted
(n = 249) (n =217) (n =32) p-Value
% (n/N) 2 % (n/N) 2 % (n/N) 2
Age. Mdn (IQR) 32 (26-36) 31 (26-36) 33 (27.5-36.5) 0.251
Country of birth
Spain 62.7 (156/249) 64.5 (140/217) 50 (16/32) 0.113
South America 21.7 (54/249) 20.7 (45/217) 28.1(9/32)
Africa 12.4 (31/249) 11.1 (24/217) 21.9(7/32)
Europe 2.8 (7/249) 3.2(7/217) 0(0/32)
Period of study <0.001
4 March 2020-28 February 2021 15.7 (39/249) 12.4 (27/217) 37.5(12/32)
1 March 2021-31 December 2021 8.0 (20/249) 6.9 (15/217) 15.6 (5/32)
1 January 2022-5 May 2023 76.3 (190/249) 80.6 (175/217) 46.9 (15/32)
Comorbidities
Obesity * 20.6 (50/243) 20.9 (44/211) 19.4 (6/31) 0.847
Pulmonary disease 6.4 (16/249) 5.1 (11/217) 15.6 (5/32) 0.040
Other comorbidities ** 26.9 (67/249) 25.8 (56/217) 34.4 (11/32) 0.308
Clinical symptoms
Fever 40.5 (94/232) 36.5 (73/200) 65.6 (21/32) <0.001
Cough 32 (74/231) 27 (54/200) 64.5 (20/31) <0.001
Myalgia 19.8 (46/232 17.5 (35/200) 34.4(11/32) 0.026
Odynophagia 18.1 (42/232) 14.5 (29/200) 40.6 (13/32) <0.001
Dyspnea 12 (28/233) 4.5(9/201) 59.4 (19/32) <0.001
Anosmia 3.4 (8/233) 2 (4/201) 12.5 (4/32) 0.014
Clinical complications
Bilateral pneumonia 10.0 (25/249) 0(0/217) 25 (8/32) <0.001
Thromboembolism 0.4 (1/249) 0.5(1/217) 0(0/32) 1.000
Outcomes
Admission ICU 1.2 (3/248) 0(0/217) 9.7 (3/31) 0.002
NIMV 0.8 (2/248) 0(0/217) 6.4(2/31) 0.015
Death 0.4 (1/248) 0(0/217) 3.2(1/31) 0.120

@ Data are presented as percentages (%), number of events (n), and total number of events (N). Continuous
variables are shown as median (Mdn) and interquartile range (IQR) * BMI > 30. ** Other comorbidities: chronic
hypertension, pregestational diabetes, or history of previous spontaneous abortion. Abbreviations: Mdn, median;
IQR, interquartile range; NIMV, non-invasive mechanical ventilation; ICU, intensive care unit. In bold: p < 0.05.
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COVID-19-related symptoms (such as fever, cough, myalgia, odynophagia, dyspnea,

and anosmia) were more commonly reported in hospitalized women. Notably, pneumonia

was diagnosed in 25% of admitted patients, whereas none of the non-admitted patients

developed pneumonia (p < 0.001).

3.4. Obstetric Outcomes in Pregnant Women with COVID-19: Admitted vs. Non-Admitted

Obstetric outcomes according to hospitalization status are detailed in Table 3. Hos-

pitalized pregnant women were more frequently at earlier gestational ages (<24 and

24-34 weeks) and less commonly at > 35 weeks compared to non-hospitalized women

(p = 0.037).

Table 3. Comparative analysis of obstetric outcomes according to hospital admission.

Overall Non-Admitted Admitted
(n = 249) (n =217) (n =32) p-Value
% (n/N) 2 % (n/N) 2 % (n/N) 2
Gestational age
at the time of infection
Mdn (IQR) 32 (22-38) 32 (21-38) 29.50 (23.75-34.5) 0.160
<24 weeks 27.6 (68/246) 28 (60/214) 25 (8/32) 0.037
24-34 weeks 30.9 (76/246) 28 (60/214) 50 (16/32)
>35 weeks 41.5 (102/246) 43.9 (94/214) 25 (8/32)
Obstetric history
Number of pregnancies, Mdn (IQR) 2 (1-3) 2 (1-3) 2 (1-3.75) 0.657
Number of previous miscarriages 30.1 (75/249) 30.9 (67/217) 25 (8/32) 0.499
Previous vaginal deliveries 38.2 (95/249) 38.7 (84/217) 34.4 (11/32) 0.637
Previous cesarean sections 15.8 (39/247) 15.3 (33/216) 19.4 (6/31) 0.598
Pregnancy complications
Gestational diabetes 11.2 (28/249) 11.5 (25/217) 9.4 (3/32) 1.000
Hypertensive disorders 9.2 (23/249) 8.8 (19/217) 12.5 (4/32) 0.520
Threatened of preterm labor 5.4 (13/217) 5.7 (12/210) 3.2(1/31) 1.000
Fetal pathology * 5(12/242) 4.8 (10/210) 6.3 (2/32) 0.663
Delivery outcomes
((Egslze)ltlonal age at birth, weeks. Mdn. 39 (26-38) 39 (37-40) 38 (37-39) 0251
<34 weeks 4.6 (11/240) 3.8 (8/208) 9.4 (3/32) 0.121
>34 weeks 95.4 (229/240) 96.2 (200/208) 90.6 (29/32) 0.168
Term delivery 86.7 (216/249) 87.1(189/217) 84.4 (27/32) 0.437
Induced labor 42.2 (105/249) 39.6 (86/217) 59.4 (19/32) 0.023
Unsatisfactory intrapartum fetal 11.3 (26/230) 10.6 (21/199) 16.1 (5/31) 0.363
cardiotocography
Cesarean section 27.7 (69/249) 24.9 (54/217) 46.9 (15/32) 0.009
Postpartum hemorrhage 4.9 (11/224) 5.1(10/195) 3.4(1/29) 1.000
Maternal complications
Maternal blood transfusion 0.4 (1/239) 0.5 (1/207) 0(0/32) 1.000
Maternal admission to ICU 1.3 (3/238) 0(0/207) 9.7 (3/31) 0.002
Postpartum fever 2.5(6/239) 2.9 (6/207) 0(0/32) 1.000

@ Data are presented as percentages (%), number of events (n), and total number of events (N). Continuous
variables are shown as median (Mdn) and interquartile range (IQR). * Fetal pathology: includes congenital
malformations and/or fetal growth abnormalities. Abbreviations: Mdn: median; IQR: interquartile range; ICU:
intensive care unit. In bold: p < 0.05.

The obstetric history and pregnancy-related complications were similar in both groups.
However, the rates of induced labor (59.4% vs. 39.6%, p = 0.023) and cesarean section (46.9%
vs. 24.9%, p = 0.009) were significantly higher in hospitalized patients. Maternal admission
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to the intensive care unit (ICU) due to pregnancy-related complications from COVID-19
occurred exclusively in admitted women (9.7% vs. 0%, p < 0.002). Full results are provided
in Table 3.

3.5. Neonatal Outcomes in Pregnant Women with COVID-19: Admitted vs. Non-Admitted

Birth weight did not differ significantly between groups. However, neonates born
to hospitalized mothers had significantly lower Apgar scores at 1 min (18.7% vs. 2.9%,
p < 0.001), higher NICU admission (25.8% vs. 8.2%, p = 0.007), and more neonatal complica-
tions (23.3% vs. 7.7%, p = 0.015). Detailed findings are shown in Table 4.

Table 4. Characteristics of newborns of pregnant women with COVID-19 according to hospital

admission.
Overall Non-Admitted Admitted Value
% (n/N) @ % (n/N) @ % (n/N) 2 b
Birth weight; g
Mdn (IQR) 3168 (2920-3501) 3248 (2937-3542) 3.090 (2837-3535) 0.132
<2500 g 6.3 (15/223) 5.8 (12/194) 9.4 (3/29) 0.433
Apgar 1 score (1st min) <0.001
<7 5.0 (12/240) 2.9 (6/208) 18.7 (6/32)
>7 95.0 (228/240) 97.1 (202/208) 81.3 (26/32)
Apgar score (5th min) 0.133
<7 0.4 (1/240) 0 3.1(1/32)
>7 99.6 (239/240) 100 (208/208) 96.9 (31/32)
Newborn admitted in NICU 10.5 (25/238) 8.2 (17/207) 25.8 (8/31) 0.007
Neonatal complications * 9.7 (23/237) 7.7 (16/207) 23.3 (7/30) 0.015
Umbilical arterial pH 7.25(7.24-7.27) 7.25 (7.24-7.28) 7.25 (7.23-7.29) 0.921
Umbilical venous pH 7.33 (7.27-7.37) 7.33 (7.28-7.36) 7.32 (7.28-7.34) 0.585
2 Data are presented as percentages (%), number of events (n), and total number of events (N). Continuous
variables are shown as median (Mdn) and interquartile range (IQR). * Neonatal complications include res-
piratory distress syndrome, necrotizing enterocolitis, neonatal sepsis, and hypoxic-ischemic encephalopathy.
Abbreviations: Mdn: median; IQR: interquartile range; NICU: neonatal intensive care unit. In bold: p < 0.05.
3.6. Risk Factors for Severe COVID-19 Among Pregnant Women Admitted
Of the 32 pregnant women who were hospitalized, clinical data were unavailable for
one patient. Therefore, the analysis included 31 women, of whom 5 (16.1%) experienced a
severe episode, defined as ICU admission (n = 3), requirement for invasive or non-invasive
mechanical ventilation (IMV/NIMV) (n = 5), and/or death (n = 1). The mean length of
hospital stay for these patients was 15.4 days (SD =+ 22.6).
Risk factors significantly associated with severe COVID-19 included non-Spanish
nationality (100% vs. 38.5%, p = 0.018) and obesity (60% vs. 12%, p = 0.041). Detailed data
are presented in Table 5.
Table 5. Risk factors for severe COVID-19 in hospitalized pregnant women.
Severe Non-Severe
COVID-19 COVID-19 Crude OR p-Value
% (n/N) 2 % (n/N) 2
Age > 35 years 0(0/5) 38.5 (10/26) NA 0.147
Gestational age at delivery, (weeks) 1.000
<35 80.0 (4/5) 74.1 (20/27) 1
>35 20.0 (1/5) 27.9 (7/26) 0.71 (0.07-7.6)
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Table 5. Cont.

Severe Non-Severe
COVID-19 COVID-19 Crude OR p-Value
% (n/N) 2 % (n/N) 2
Born in Spain 0(0/5) 61.5 (16/26) NA 0.018
Comorbidities
Obesity * 60.0 (3/5) 12.0 (3/25) 11.0 (1.27-95) 0.041
Pulmonary diseases 20.0 (1/5) 11.5 (3/26) 1.91 (0.15-23) 0.525
Hypertension 0 15.4 (4/26) NA 1.000
Clinical presentation
Fever 100 (5/5) 61.5 (16/26) NA 0.147
Cough 75.0 (3/4) 65.4 (17/26) 1.58 (0.14-17) 1.000
Odynophagia 6.0 (3/5) 38.5 (10/26) 2.40 (0.33-17) 0.625
Anosmia 0(0/5) 15.4 (4/26) NA 1.000
Dyspnea 100 (5/5) 53.8 (14/26) NA 0.128
Myalgia 60 (3/5) 30.8 (8/26) 3.37 (0.46-24) 0.317
Treatment
LMWH 80 (4/5) 84.6 (22/26) 0.77 (0.64-8.31) 1.000
Steroid 100 (5/5) 26.9 (7/26) NA 0.005
Complication/outcome
Bilateral pneumonia 100 (5/5) 11.5 (3/26) NA <0.001
Thromboembolism 0 3.8 (1/26) NA 1.000
Death 20 (1/5) 0 NA 0.161
@ Data are presented as percentages (%), number of events (n), and total number of events (N). Continuous
variables are expressed as median (Mdn) and interquartile range (IQR). * BMI > 30. Abbreviations: LMWH,
low-molecular-weight heparin. In bold: p < 0.05.
3.7. Effect of Vaccination on Hospital Admission in Pregnant Women
Among the hospitalized pregnant women, 71.9% were unvaccinated, compared to
56.2% of those not admitted who had received at least one dose of a COVID-19 vaccine.
This difference was statistically significant (OR = 0.30; 95% CI: 0.13-0.69), indicating a
protective effect of vaccination against hospital admission. Detailed results are provided in
Table 6.
Table 6. Comparative analysis of hospital admissions according to vaccination status.
Overall Non-Admitted Admitted
o a o a o a p -Value
%o (n/N) Yo (n/N) Yo (n/N)
Vaccination status
Not vaccinated 47.4 (118/249) 43.8 (95/217) 71.9 (23/32) 0.003
Vaccinated (1 or 2 doses) 52.6 (131/249) 56.2 (122/217) 28.1(9/32)

? Data are presented as percentages (%), number of events (n), and total number (N). In bold: p < 0.05.

4. Discussion

This study provides important insights into the clinical characteristics, obstetric out-
comes, and neonatal complications associated with COVID-19 among pregnant women
in Spain, a country that experienced a particularly high burden of infections and hos-
pitalizations during the pandemic. Although the overall incidence of COVID-19 in our
cohort remained relatively low, it increased markedly during the Omicron wave, likely
due to the relaxation of public health measures and the higher transmissibility of this
variant. Severe maternal infection was associated with complications such as preeclamp-
sia, preterm birth, and cesarean delivery, emphasizing the importance of close maternal
monitoring. Neonatal outcomes—particularly NICU admissions—were more frequent
among neonates born to women with severe disease, consistent with previous studies [6].
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Additionally, COVID-19 vaccination emerged as a protective factor against severe disease
and hospitalization, underscoring the importance of immunization during pregnancy.

4.1. Prevalence and Incidence of COVID-19

The incidence of COVID-19 among pregnant women during the study period
(11 March 2020-5 May 2023), based on total deliveries, was 4.1%. However, this rate
is lower than that reported in other studies. For instance, a meta-analysis [5] found an
incidence of up to 10% among pregnant women who presented to or were admitted to
hospitals during the early stages of the pandemic. Similarly, a large retrospective cohort
study by Son et al. [13] reported an SARS-CoV-2 positivity rate of 6.9% in pregnant women
between March and December 2020.

The lower incidence observed in our study may be explained by our inclusion criteria,
which focused on pregnant women who received hospital care for COVID-19-related
symptoms—representing more severe cases—rather than on all pregnant women with
COVID-19. This likely excluded many asymptomatic or mildly symptomatic cases managed
in outpatient settings.

By pandemic phase, incidence rates were 20.6 and 12.3 per 1000 deliveries during the
first and second phases, respectively, closely aligning with Donati et al. [14], who reported
rates of 23.5 and 16.6 per 1000 deliveries during the same periods. However, a substantial
increase was observed during the third phase, with the incidence rate rising to 73.2 per
1000 deliveries. These findings are consistent with data from England, where a population-
based study by Vousden et al. [15] confirmed increases in infection and disease severity
during the Delta and Omicron waves compared to the wild-type and Alpha variants. This
surge is likely attributable to the combination of relaxed public health measures and the
greater transmissibility of the Omicron variant compared to previous strains.

In relation to SARS-CoV-2 variants, studies such as the Italian study by Incognito
et al. [11] found that the Delta variant was linked to the most severe maternal and neonatal
outcomes, including higher rates of ICU admission, preterm birth, and mortality. Alpha
showed intermediate severity, while Omicron was associated with milder disease.

4.2. Obstetric Outcomes: COVID-19 vs. Non-COVID-19 Pregnancies

Over the 3 years and 2 months of the COVID-19 pandemic covered by this study, we
observed an increased incidence of preterm birth among pregnant women with SARS-
CoV-2 infection. Although this rate declined across pandemic waves, it remained elevated
during the third wave (13.44%), compared to the 8.43% observed among non-infected
pregnant women. These results align with prior studies reporting an increased risk of
preterm delivery associated with SARS-CoV-2 infection, particularly during the initial
phases of the pandemic [9,14,16]. Our findings are also consistent with Seaton et al. [17],
who reported a reduced preterm birth rate during the Omicron period compared to earlier
waves. This reduction may be attributed to the lower virulence of the Omicron variant and
the protective effect of COVID-19 vaccination, as highlighted by Hui et al. [18].

The relationship between COVID-19 and the mode of delivery has evolved over
time. Early in the pandemic, some studies reported an increased rate of cesarean sec-
tions [11,17,19]. However, more recent evidence has not supported a significant association
between SARS-CoV-2 infection and delivery mode [6,14,20]. The results of our study are
consistent with the latter body of evidence, as we did not observe a statistically significant
increase in cesarean deliveries among infected pregnant women.

The impact of SARS-CoV-2 infection on labor induction has been less extensively
studied. In our cohort, a rising trend in induction rates was observed among infected
pregnant women, reaching statistical significance exclusively during the second wave
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of the pandemic. Other authors have similarly reported increased rates of labor induc-
tion and planned cesarean sections among pregnant women with moderate-to-severe
COVID-19 [21,22]. This trend probably indicates the need for closer monitoring and proac-
tive obstetric management in infected patients.

4.3. Epidemiological Characteristics and Clinical Outcomes: Admitted vs. Non-Admitted
Pregnant Women

In our cohort, 12.9% of pregnant women diagnosed with COVID-19 required hos-
pitalization due to the infection. A significant variation in hospitalization rates was ob-
served across different phases of the pandemic, with more admissions during the first and
third waves.

A single case of maternal death was reported, corresponding to a maternal mortality
rate of 0.4%, which is comparable to the 0.1% reported by Jering et al. [23]. However, the
overall in-hospital mortality rate among pregnant women in our cohort was 3.1%, notably
higher than the 1.1% reported by Pineles et al. [7]. This discrepancy may be attributable to
the timing of infection, as most severe cases in our cohort occurred during the early phase
of the pandemic, when clinical experience and evidence-based management strategies were
still evolving [24].

All COVID-19-related symptoms—including fever, cough, sore throat, anosmia, dysp-
nea, and myalgia—were significantly more frequent among hospitalized patients. Bilateral
pneumonia was diagnosed exclusively in this group, affecting 25% of those admitted. A
history of preexisting respiratory disease was also identified as a risk factor for hospital-
ization. As expected, patients requiring admission had more severe clinical presentations
and symptomatologies.

4.4. Obstetric Outcomes: Admitted vs. Non-Admitted Pregnant Women

In our study, 75% of hospitalized pregnant women had a gestational age of less
than 35 weeks at the time of admission. In contrast to our findings, previous studies,
such as those by Lassi et al. [3] and Donati et al. [14], have reported higher infection and
hospitalization rates during the second and third trimesters.

Our data did not demonstrate a significantly higher frequency of obstetric compli-
cations among hospitalized pregnant women with COVID-19 compared to those who
were not admitted. The preeclampsia rate in hospitalized patients was 12.5%, higher
than the 8.8% observed in the non-hospitalized group, although this difference did not
reach statistical significance. Several studies have established an association between
SARS-CoV-2 infection and an increased risk of preeclampsia, particularly in severe cases,
as shown in meta-analyses by Wei et al. [9] and Conde-Agudelo et al. [25]. The limited
number of preeclampsia cases in our cohort may have reduced the ability to detect signifi-
cant differences.

We found that pregnant women with COVID-19 who required hospitalization had
a significantly higher rate of cesarean delivery and labor induction. These findings may
indicate that deliveries were expedited due to maternal complications associated with
infection. While most studies have not identified a consistent association between COVID-
19 infection and mode of delivery [6,14,20], some evidence suggests that cesarean birth is
more common in cases of moderate to higher disease severity [18], which is consistent with
our results.

We also observed a higher incidence of preterm birth among hospitalized pregnant
women (15.6% vs. 8.8%), although this difference did not reach statistical significance,
likely due to the relatively small number of hospitalized patients. Nonetheless, the existing
literature consistently reports increased odds of preterm birth in pregnancies complicated
by SARS-CoV-2 infection, particularly in cases involving moderate-to-severe illness [9,
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20,26]. A national study conducted in Slovakia analyzed SARS-CoV-2 positive cases
throughout the entire pandemic period (March 2020-May 2023), also reporting an increased
incidence of cesarean deliveries and preterm births among pregnant women infected [8].

As expected, the need for ICU admission was greater among hospitalized patients,
further reflecting the more severe clinical course of the infection. The ICU admission rate
in our cohort was 9.7%, slightly lower than the 12.8% reported by Metz et al. [20].

4.5. Neonatal Outcomes in Pregnant Women with COVID-19: Admitted vs.
Non-Admitted Pregnancies

Meta-analyses by Allotey et al. [5] and Smith et al. [12] have reported a significant
increase in neonatal mortality among infants born to mothers with COVID-19. Specifically,
Allotey et al. [5] documented a neonatal mortality rate of 0.5%. In our study, no neona-
tal deaths were recorded during the study period. However, neonates born to women
hospitalized with COVID-19 exhibited a higher incidence of adverse outcomes, including
lower 1 min Apgar scores, increased rates of NICU admission, and a greater frequency
of neonatal complications. These findings are consistent with previous studies that have
also documented elevated NICU admission rates among neonates born to women with
SARS-CoV-2 infection, particularly in cases of severe maternal illness [5,6,20,26]. A meta-
analysis by Deng et al. [27] further supports this, showing that neonates born during
periods dominated by more transmissible variants—such as Delta and Omicron—had
significantly higher risks of adverse outcomes, including NICU admission and respiratory
complications, compared to those born during the early (wild-type) phase of the pandemic.

In contrast to the findings of Berumen-Lechuga et al. [26], who reported significantly
lower neonatal birth weights in pregnancies complicated by severe COVID-19, our study
did not identify any statistically significant differences in birth weight between neonates
born to hospitalized and non-hospitalized mothers.

Our findings are consistent with reports from other European countries, where the
pandemic has been shown to negatively affect not only obstetric and neonatal outcomes
but also the psychological well-being of pregnant individuals (e.g., increased anxiety, stress,
and depressive symptoms) [28-30]. These studies support the need for comprehensive
perinatal care that addresses both medical and psychological aspects during pandemics.

4.6. Severity of COVID-19 in Hospitalized Pregnant Women

The rate of severe COVID-19 in our study—defined as ICU admission, mechanical
ventilation, and /or maternal death—was 16.1%, slightly higher than the rates reported
by Boettcher et al. [6] (5.4-12%) and Schell et al. [31] (10%). Other authors, such as Jering
et al. [23], have described lower rates (3.3%) among women admitted for delivery.

In our cohort, obesity (BMI > 30) and non-Spanish nationality were significantly
associated with severe cases of COVID-19. Obesity has also been identified as a risk factor
for severe disease in pregnant populations, as documented in multiple studies [5,12,32].
Our findings also align with those of Donati et al. [14] and Engjom et al. [32], who identified
that foreign nationality—particularly among migrant women—was associated with an
increased risk of adverse maternal outcomes. Nevertheless, it must be taken into account
that, while nationality was associated with an increased risk of severe maternal COVID-19
in our study, it likely serves as a proxy for unmeasured structural and social factors, such
as socioeconomic disadvantage, migrant status, language or cultural barriers, and access to
healthcare. It should not be interpreted as a biological or ethnic determinant, and future
research should incorporate more nuanced indicators of social and ethnic vulnerability to
better understand these disparities.
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Additionally, a study conducted in the United States in 2023 [6] identified several
pregestational comorbidities, including diabetes, hypertension, and cardiovascular disease,
as significant risk factors for maternal mortality, which were included within the definition
of severe COVID-19 in our study. However, in our cohort, these comorbidities did not reach
statistical significance, possibly due to the limited number of severe cases in our study.

4.7. Vaccination

Vaccination against SARS-CoV-2 was identified as a protective factor against COVID-
19-related hospitalization in our cohort. A significantly higher proportion of hospitalized
pregnant women were unvaccinated. This finding is consistent with previous studies that
have recognized unvaccinated status as a significant risk factor for the development of
severe COVID-19 during pregnancy [26,32].

In our study, 62.2% of pregnant women had received at least one dose of a COVID-19
vaccine. By the end of the second wave of the pandemic, vaccination coverage among
pregnant women varied widely across Europe, ranging from 20% in Lombardy, Italy,
to 80% in Norway [32,33]. These differences in vaccination uptake highlight the need
for consistent international guidance. In its 2024 interim guidance, the World Health
Organization reaffirmed that COVID-19 vaccination during pregnancy is both safe and
strongly recommended, particularly for women at high risk of severe disease [34].

These findings reinforce the importance of promoting COVID-19 vaccination among
pregnant women, particularly in light of ongoing viral mutations and potential future
waves. Recent evidence also supports the safety and effectiveness of booster doses during
pregnancy. In a recent multicenter study, Barros et al. [35] reported that newborns of
booster-vaccinated mothers had a significantly lower risk of SARS-CoV-2 infection, as well
as reduced rates of preterm birth, neonatal respiratory distress, and NICU stay.

Lastly, it is important to note that although our results suggest a protective effect of
COVID-19 vaccination during pregnancy, detailed data regarding the number of doses re-
ceived, type of vaccine administered, and gestational timing were not consistently available
due to limitations in retrospective documentation. This limits the depth of our analysis and
should be considered when interpreting the findings.

4.8. Strengths and Limitations

A major strength of this study is its focus on the epidemiological and clinical impact
of COVID-19 in pregnant women in Spain, a country that experienced one of the highest
burdens of infection, hospitalization, and mortality during the pandemic. While extensive
data exist regarding the general population, obstetric outcomes related to COVID-19 in
Spain have remained underexplored. This study helps fill that gap by providing valuable
longitudinal data on maternal and neonatal outcomes across multiple phases of the pan-
demic, contributing to a more comprehensive understanding of the obstetric implications
of SARS-CoV-2 infection in a high-risk setting.

However, several limitations must be acknowledged. First, this was a single-center
(monocentric) study conducted at a tertiary-care hospital, which may limit the generalizabil-
ity of the findings to other settings or healthcare systems. Second, due to its retrospective
nature, data collection relied on the accuracy and completeness of medical records, which
may have resulted in missing, inconsistent, or erroneous information. Third, selection bias
is possible, as case identification depended on available documentation and coding, which
may have led to missed or misclassified cases. For all the reasons mentioned above, and
although we acknowledge the importance of adjusted models for controlling potential
confusion, multivariable logistic regression was not performed due to limitations in data
completeness and the small number of events for certain outcomes, which could have
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compromised the reliability of the estimates. This represents an inherent limitation of our
retrospective design and should be taken into account when interpreting the findings.

Lastly, given that the study was conducted at a single tertiary referral center spe-
cializing in high-risk pregnancies, the study population may disproportionately repre-
sent moderate-to-severe cases of COVID-19. As a result, mild or asymptomatic cases—
particularly those managed in outpatient settings—may be underrepresented, potentially
limiting the generalizability of the findings.

Another important point to consider is that some comparisons—particularly those
involving subgroups such as hospitalized patients—may have lacked sufficient statisti-
cal power to detect significant differences due to limited sample sizes. This limitation
should be taken into account when interpreting nonsignificant results, as a type II error
cannot be ruled out. This aspect has been addressed throughout the Section 4. Moreover,
it is important to acknowledge that this study spans a four-year period, during which
significant changes were introduced in the clinical management of COVID-19, including
the availability of vaccination and updates in treatment protocols. These evolving health-
care strategies may have influenced the observed obstetric and neonatal outcomes across
different phases of the pandemic. This limitation should be taken into account when inter-
preting the results, as the heterogeneity in clinical practices over time may have introduced
confounding factors.

Additional limitations include the lack of genomic confirmation for SARS-CoV-2
variant classification, which was based on prevailing epidemiological phases, given that
routine genomic sequencing was not available for individual cases during the study period;
the absence of long-term follow-up data on neonatal outcomes; and the potential for case
misclassification due to reliance on retrospective clinical coding. Moreover, maternal
mental health data were not systematically collected, limiting our ability to evaluate
the psychological dimension of COVID-19 during pregnancy, which has been associated
with adverse outcomes, such as preterm birth, low birth weight, and increased NICU
admission. These limitations should be considered when interpreting the findings and
their generalizability.

Further multicenter studies with broader geographic representation and prospective
designs are warranted to confirm these findings and guide global obstetric management in
future pandemics or SARS-CoV-2 resurgence scenarios.

5. Conclusions

This study demonstrates that hospital admission due to COVID-19 during pregnancy
is associated with an increased risk of adverse obstetric and neonatal outcomes. Specifi-
cally, higher rates of preterm birth, labor induction, and cesarean delivery were observed
among hospitalized women. Moreover, neonates born to these patients experienced more
complications, including lower 1 min Apgar scores and increased NICU admission rates.
These findings underscore the need for vigilant monitoring, early intervention, and the
promotion of COVID-19 vaccination during pregnancy to mitigate risks for both mothers
and newborns.
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The following abbreviations are used in this manuscript:

BMI Body mass index

CI Confidence interval

DBGUH  Doctor Balmis General University Hospital
ICU Intensive care unit

MV Invasive mechanical ventilation

IQR Interquartile range

TUGR Intrauterine growth restriction

LMWH  Low-molecular-weight heparin

Mdn Median

NICU Neonatal intensive care unit

NIMV Non-invasive mechanical ventilation

OR Odds ratio

RT-PCR  Reverse transcription polymerase chain reaction
SD Standard deviation

SGA Small for gestational age

WHO World Health Organization
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Abstract

Background: The potential impact of maternal SARS-CoV-2 infection during pregnancy
on the neurodevelopment of offspring has raised considerable concern. Emerging studies
have evaluated various developmental domains in exposed infants, yet findings remain
inconsistent. Objective: To synthesize current evidence regarding neurodevelopmental
outcomes in infants born to mothers with confirmed SARS-CoV-2 infection during preg-
nancy. Methods: We conducted a narrative review following PRISMA guidelines. A
literature search was performed in PubMed, Cochrane, and ScienceDirect using keywords
including “COVID-19”, “pregnancy”, “neurodevelopment”, and “SARS-CoV-2”. Nineteen
studies were included. Data were extracted regarding study design, sample size, timing of
exposure, age at assessment, developmental tools used, and key findings. Study quality
was assessed using the Newcastle-Ottawa Scale. Results: Among 19 included studies,
12 reported at least some neurodevelopmental delays, particularly in motor and language
domains. However, these delays were generally mild, domain-specific, and often not statis-
tically significant. Seven studies, most of which were high-quality and low-risk, reported
no significant differences between exposed and unexposed groups. Assessment tools and
follow-up durations varied widely, limiting comparability. Conclusions: Current evidence
does not support a consistent association between in utero SARS-CoV-2 exposure and an
unfavorable neurodevelopmental outcome up to 24 months. However, heterogeneity in
methods and short-term follow-up warrant further high-quality longitudinal research.

Keywords: SARS-CoV-2; COVID-19; pregnancy; neurodevelopment; infants; maternal
infection; developmental delay; prenatal exposure

1. Introduction

The intrauterine environment plays a pivotal role in fetal development, including
the processes of brain growth and maturation [1-3]. Maternal infections during preg-
nancy are well-documented contributors to negative neurodevelopmental outcomes in
offspring, as pathogens or the maternal immune response can disrupt fetal brain develop-
ment at critical stages [1,4-8]. Among the diverse etiologies that may impair fetal and early
neurodevelopment—including metabolic, genetic, endocrine, and structural disorders,
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congenital infections represent a significant and potentially preventable cause of adverse
outcomes [9-14]. Numerous viral infections, such as cytomegalovirus (CMV), Epstein-Barr
virus (EBV), Zika virus (ZIKV), and influenza, have been associated with a spectrum of
neurodevelopmental sequelae, including sensorineural hearing loss, intellectual disability,
motor dysfunction, and autism spectrum disorders (ASD) [15-21]. CMY, for instance, is
the most common congenital viral infection and a leading cause of neurodevelopmental
disability, while prenatal exposure to maternal influenza has been linked to increased risks
of schizophrenia and neurocognitive impairments in later life, although this statement
needs more reliable data [20,22-24].

In this context, the emergence of SARS-CoV-2 as a novel coronavirus with global reach
has raised concerns about its potential impact on children’s neurodevelopment [25-27].
Although vertical transmission of SARS-CoV-2 appears to be rare, the maternal im-
mune activation (MIA) associated with COVID-19, characterized by systemic inflam-
mation, cytokine release, and placental pathology, may represent a mechanism by
which SARS-CoV-2 prenatal exposure could affect the developing fetal brain [26,28-32].
Furthermore, the pandemic has brought additional stressors such as altered prenatal
care, maternal mental health issues, and social isolation, all of which may compound
neurodevelopmental risks [33-35].

COVID-19 infection in pregnancy is a known factor for preterm birth, especially if
the infection occurs in the third trimester or is a severe one [36-38]. There were also other
complications described in COVID-19 pregnancy, such as an increased risk of hypertensive
disorders of pregnancy, gestational diabetes, or an increased rate of neonatal intensive care
unit (NICU) admission [39-42]. One important aspect is that the mRNA COVID-19 vaccine
administered before pregnancy was not associated with an increased risk of any of those
complications [43,44].

While initial concerns focused on obstetric complications such as preterm birth and
vertical transmission, attention has increasingly turned to potential long-term consequences
for offspring, particularly in the domain of neurodevelopment [43-45]. Recent reviews have
begun to explore the early neurodevelopmental trajectories of children born to mothers
infected with SARS-CoV-2 during pregnancy, with some reports suggesting subtle delays
in motor, language, or social-emotional development during infancy [26,46]. It remains
critical to disentangle the direct effects of the virus from indirect influences such as maternal
emotional dysregulation and psychosocial stress during the pandemic, including social
isolation and healthcare disruption, which may have further contributed to altered mother—
infant interactions and long-term neurodevelopmental impact [47-49]. However, findings
remain inconclusive, and methodological heterogeneity, regarding timing of maternal
infection, severity of disease, gestational age at exposure, and follow-up duration, limits
the generalizability of available evidence.

This review aims to synthesize current evidence on neurodevelopmental outcomes
in children with in utero exposure to SARS-CoV-2. By exploring current epidemiologic
findings, we seek to highlight both the knowns and unknowns in this evolving field and
underscore the need for long-term, high-quality follow-up studies to fully understand the
impact of COVID-19 on the next generation.

2. Materials and Methods

This study was conducted as a narrative review, with elements of systematic method-
ology applied to ensure rigor and transparency. A comprehensive literature search was
performed in databases such as PubMed and Cochrane using predefined keywords. The
selection process followed PRISMA principles, and study quality was assessed using the
Newcastle-Ottawa Scale (NOS).
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2.1. Inclusion Criteria

e  Peer-reviewed observational studies (cohort or case—control).

e Neurodevelopment assessed via standardized tools (e.g., ASQ 3, Bayley scales) or
clinical examination during infancy or early childhood (<24 months), standardized
parent-reported questionnaires (e.g., Ages and Stages Questionnaire), or direct neuro-
logical clinical examination during infancy or early childhood (<24 months).

2.2. Exclusion Criteria

e Narrative reviews, animal studies (except mechanistic discussion), case reports with-
out neurodevelopmental follow-up.

e  Studies reporting exclusively biological outcomes (e.g., cytokine profiles, epigenetic
changes) without separate reporting of standardized neurodevelopmental assessments.

2.3. Search Strategy, Selection and Data Extraction

A comprehensive literature search was conducted using PubMed, Cochrane Library,
and ScienceDirect databases up to July 2025. The following keywords were used: (“SARS-
CoV-2” OR “COVID-19”) AND (“pregnancy” OR “maternal infection”) AND (“neurodevel-
opment” OR “neurodevelopmental outcomes” OR “infant development”). Data extraction
included sample size, neurodevelopmental tools used, follow-up age, and key outcomes.
The search yielded 1083 articles. After removing duplicates and screening titles and ab-
stracts, the full texts of potentially relevant studies were reviewed. Borderline-eligible
studies were excluded if they did not report standardized neurodevelopmental outcomes
separately, if they focused exclusively on biological outcomes without clinical correlation,
or if they involved animal models. A total of 21 studies met the final inclusion criteria and
were included in the review (Figure 1).

Data extraction

1083 publications
identified through
keywords database
research

/ Insufficient follow -up (7)

» Irrelevant for this review (170)

1062
articles
excluded:

Duplicates (885)

21 publications meet
the inclusion criteria

and were included
in the review

Figure 1. Data extraction.

2.4. Data Synthesis

Due to substantial heterogeneity across the included studies in terms of neurodevel-
opmental assessment tools, follow-up duration, outcome domains, and reporting formats,
a meta-analysis was not feasible. Instead, a narrative synthesis was performed. Results
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were organized thematically according to developmental domains (e.g., motor, language,
cognitive, and social-emotional) and by the type and timing of maternal SARS-CoV-2
exposure. Consistencies and discrepancies across studies were qualitatively assessed, with
attention to study quality, sample size, and methodological rigor as evaluated by the
Newcastle-Ottawa Scale, interpreted as low risk of bias: 7-9; moderate risk of bias: 4-6
and high risk of bias: 0-3 (Table 1) [50].

Table 1. Risk of Bias Assessment (Newcastle-Ottawa Scale).

Number Study Selection (Max4) Comparability (Max2)  Outcome (Max3) Total Score Risk Level
1 Shuffrey et al., 2021 [51] 4 2 3 9 Low
2 Roffman et al., 2021 [52] 3 1 2 6 Moderate
3 Cheng et al., 2021 [53] 3 1 1 5 Moderate
4 Wu et al., 2021 [54] 3 1 2 6 Moderate
5 Schuh et al., 2021 [55] 2 1 1 4 Moderate
6 Edlow et al., 2022 [56] 4 2 2 8 Low
7 Ayed et al., 2022 [57] 3 2 2 7 Low
8 Buonsenso et al., 2022 [58] 3 1 1 5 Moderate
9 Aldrete-Cortez et al., 2022 [59] 3 1 2 6 Moderate
10 Liu et al., 2022 [60] 3 1 2 6 Moderate
11 Martenot et al., 2022 [61] 3 1 1 5 Moderate
12 Martinez et al., 2023 [62] 4 1 2 7 Low
13 Silva et al., 2023 [63] 3 1 2 6 Moderate
14 Ayesa-Arriola et al., 2023 [64] 2 1 2 5 Moderate
15 Rood et al., 2023 [65] 2 0 1 3 High
16 Vrantsidis et al., 2024 [66] 4 2 3 9 Low
17 Jaswa et al., 2024 [67] 4 2 3 9 Low
18 Hill et al., 2024 [68] 4 2 2 8 Low
19 Silva et al., 2025 [69] 3 1 2 6 Moderate
20 Kehdi et al., 2025 [70] 4 2 3 9 Low
21 Berg et al., 2025 [71] 4 2 3 9 Low

Note: Risk levels were defined as Low (7-9), Moderate (4-6), or High (0-3).

Among the 21 included studies, 9 were rated as low risk of bias, 11 as moderate, and
1 as high risk. Studies with high total scores (e.g., Jaswa et al., Vrantsidis et al., Shuffrey
et al.) were typically large, prospective cohorts with appropriate comparators and robust
outcome assessment [51,66,67]. Studies rated as moderate risk tended to have smaller
sample sizes, limited follow-up durations, or used less validated assessment tools.

3. Results

A total of 21 studies met the inclusion criteria for this narrative review, evaluating
neurodevelopmental outcomes in infants born to mothers infected with SARS-CoV-2
during pregnancy. The sample sizes of the exposed groups ranged from 9 to 555, and
neurodevelopmental assessments were performed at ages ranging from 6 weeks to 24
months postpartum. The most frequently used assessment tool was the Ages and Stages
Questionnaire (ASQ-3). Other instruments used were the Denver Developmental Screening
Test, General Movement Assessment (GMA), Motor Optimality Scores Revised (MOS-
R), Neonatal Behavioral Assessment Scale (NBAS), Age and Stage Questionnaire Social-
Emotional (ASQ:SE-2), Van Wiechen Scheme, International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision (ICD-10), Survey of Well-Being of

178



J. Clin. Med. 2025, 14, 6202

Young Children (SWYC), Baby Pediatric Symptom Checklist (BPSC), and various clinical or
parent-report measures.

Based on Table 2, 13 out of 21 studies (62%) reported at least some neurodevelopmental
delays among SARS-CoV-2-exposed infants. These delays were most frequently observed
in motor, language, and socioemotional domains, though the clinical significance and
persistence of these delays varied considerably across studies.

Table 2. Consolidated characteristics of included studies.

Maternal
Stud Design/N Infection Maternal Neurodevelopment Follow-Up Kev Findines Adjustment for
y (Exposed) Timing Disease Severity Tool Age y & Confounders
(Trimester)
No major
neurodevelopmental
differences in infants born
during the pandemic Yes—adjusted for
34% (exposed vs. non-exposed), maternal
_ Ist: n=42, asymptomatic, but those born during the education,
Shlzlégf y5elt al, C(l)lllzrt/ N= 317 2nd: n=90, 62% ASQ-3 6 months pandemic had significantly race/ethnicity,
1511 ( exposed) 3rd: n=67;) mild/moderate, lower scores on gross motor, infant sex, GA,
4% severe fine motor, and mode of delivery,
personal-social subdomains NICU admission
when compared to a cohort
born prior to the onset of the
pandemic.
Roffmanetal., Cohort/N =34 Not reported Gross motor delay and high
2021 [52] (19 exposed) (NR) NR ASQ-3, BPSC 12 months irritability (p = 0.015). NR
The infants from
SARS-CoV-2-exposed
mothers had lower scores in
communication, gross
Chengetal., Cohort/N =18 All in the 3rd 100% movement, fine movement,
2021 [53] (9 exposed) trimester mild/moderate ASQ-3 8-10months problem solving, and NR
personal-social domains, but
only fine motor movement
was significantly lower
(p=0.03).
Yes—adjusted for
mother-infant
. o No significant seParatlor}, low
Ist: n=0, 86% birth weight
‘Z/‘é‘zlft al, Cohort/N=135  » 4 4  mild/moderate, ~ ASQ-3,ASQ:SE-2 3 months  neurodevelopmental (LBW), infat sex,
[54] (57 exposed) 3rd: =53 149, differences between exposed birth
rd:m= osevere and unexposed groups. preterm birth,
p group NICU admission,
breastfeeding at
3 months
Schuhetal., Cohort/N =15 o All of them were reported as
2021 [55] (15 exposed) NR 100% severe ASQ3 6 months normal developrr)nent. NR
Yes—adjusted for
Maternal SARS-CoV-2 maternal age,
Istn=1, positivitx during pregnancy race /ethnicity,
Edlow etal., Cohort/N =7772 ond: =61, NR 1CD-10 codes 12 months was associated with a greater insurance status,
2022 [56] (222 exposed) 3rd: =160 rate of neurodevelopmental gestational age
’ diagnoses (Odds ratio (GA),
(OR) =1.86, p = 0.04). birthweight,
infant sex,
The rate of development Yersn::e (;lglaslt:defor
delays was 10%. The risk of maternalg ’
39.5% developmental delays was infection timing
_ Ist: n=5, asymptomatic, higher with first-trimester . I
gl Cgvm g3 CTREMC o em NESSISEIST clbmhed
P 3rd: n =273 mild/moderate, second-trimester maternal tal 4
6.9% severe SARS-CoV-2 infections d partgn a d
(OR:8.1,p = 0.001) than with education and
hird-trimester. ype‘of feeding in
k the first 6 months
57.6%
_ Ist: n=6, asymptomatic, All of them were reported as
et]zlllo;g;;s[gs] ngg 1:){1\2;;19)9 2nd: n=6, 36.9% Clinical exam ?;f)_rglt_l'}sz normal neurological NR
v P 3rd: n =187 mild/moderate, development.

5.5% severe
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Table 2. Cont.

Maternal
Stud Design/N Infection Maternal Neurodevelopment Follow-Up Kev Findings Adjustment for
y (Exposed) Timing Disease Severity Tool Age Y & Confounders
(Trimester)
Yes—adjusted for
maternal/infant
characteristics
differing between
groups: maternal
age, marital
status, education
level,
preeclampsia,
Treopoedgoupluds  payodin,
Aldrete-Cortez Cohort/N =56 Allin 3rd 100% GMA 3-5 months MOS-R: the median was gestational
etal., 2022 [59] (28 exposed) trimester mild/moderate 1 L diabetes, GA,
ower in the exposed group .
(21 vs. 25, p = 0.002) infant sex, type of
T U delivery, Hyper-
bilirubinemia,
APGAR score,
days of
hospitalization,
birthweight,
length at birth,
birth head
circumference
Liuetal, Cohort/N=98  Allin the 3rd 100% Fine motor abnormalities Yes—adjusted
2022 [60] (31 exposed) trimester mild/moderate Denver II 9 months higher in the exposed group using for age, sex,
p (15.2% vs. 2.1%; p = 0.02). infection status
4% All of them were reported as
Martenotetal., Cohort/N =24 Allin the 3rd asymptomatic, ASQ-2 10 th 1n 1 PO 1 NR
2022 [61] (24 exposed) trimester 96% symptomatic months norélna leuro ogica
. evelopment.
(severity NR)
Yes—adjusted for
Suboptimal neuromotor COVID-19
development in exposed severity, trimester
infants. The median of of infection,
14.5% MOS-R was lower in the neonatal and
. _ Ist:n=17, asymptomatic, exposed group (23 vs. 25, maternal
Mazr(‘;lzr}))ezégt al, Collzlzrt/N - ?9 2nd: n =237, 67.7% Gf./[A’ 1}405-R’ 3-8 months p <0.001), and 16 exposed comorbidities,
[e2] (124 exposed) 3rd: n=70 mild/moderate, chnical exam infants had MOS-R scores fetal sex,
17.7% severe <20vs. 0 controls (p < 0.001). maternal age,
At 6-8 months clinical exam, maternal fever
13 exposed vs. 0 controls had during
developmental delay. COVID-19 and
preterm birth
Motor developmental delay
in COVID-19-exposed infants
(OR=6.3,p=0.01);
socioemotional
. Cross-sectional developmental delay Yes—adjusted for
Szlg’z%‘ité;} study, N = 54 NR NR SWYC From 110 12 (OR=4.0; p =0.02); sex, GA and
(27 exposed); Inflexibility (OR = 14.0; family context.
p =0.02); Parental concerns
about behavior, learning, or
development of the infant
(OR=9.7;p=0.01).
Lower affectionate response ma te\ff;;ifoer CA
Avesa-Arriol Cohort/N =42 Ist: n=3, 95.2% in the exposed group trim tgr o
yesa oa oho 2nd: n =8, mild/moderate, NBAS (0-3 mo) 6 weeks (p =0.009), especially those . Lester o
etal., 2023 [64] (21 exposed) 3rd:n=1 o . . . infection, infant
rd: n=10 4.8% severe exposed in the third trimester
(p = 0.043). ageat _assessment
and infant sex
Follow-up similar to children
o .
Rz%ozc;) etal., Cohort/N =13 A%l in 3rd mild /Arlx?o/Zierate, Van Wiechen 3 months born torgoct)}:g 2{ iilréegatlve NR
[65] (13 exposed) trimester 549 Scheme devel .
b severe neurodevelopmental delay in
2 (15.3%).
1% No significant ri(;st;fgl
Vrantsidis Cohort/N = 896 Ist:n =21, asymptomatic, neurodevelopmental comorbidities
2nd: n =45, 74% ASQ-3 6-24 months differences between the
etal., 2024 [66] (96 exposed) 3rd: 1= . and household
rd: n =30 mild/moderate, exposed and unexposed socioeconomic
25% severe groups status
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Table 2. Cont.

Maternal
Stud Design/N Infection Maternal Neurodevelopment Follow-Up Kev Findings Adjustment for
y (Exposed) Timing Disease Severity Tool Age Y & Confounders
(Trimester)
Yes—for
maternal age,
No significant race, education
st n=122 neurodevelopmental level, income,
Jaswaetal., Cohort/N =2003 ch'l_ n_* 42’ NR ASQ-3 12-24 differences between exposed maternal
2024 [67] (217 exposed) 3rd: 1 - 53’ months and unexposed groups, or by generalized
T the trimester of infection in anxiety and
the exposed group. depression
symptoms at
baseline.
Lower ASQ-3 scores in
children exposed to severe
SARS-CoV-2 maternal
. _ Ist: n=0, infection in communication,
I;(;lzlf[t 6a81j/ Cakgoc}:/ge_d:;o 2nd: n=4, 100% severe ASQ-3 12 months problem solving and NR
P 3rd:n=12 personal-social domains
(p <0.005); correlations with
cytokine profiles and
epigenetic markers.
Yes—for
maternal age, GA,
type of delivery,
st n=5 22 (53%) children performed Z?:éhAvg giarhstcff\ee’
Silvaetal., Cohort/N =41 e below the cutoff value in o ght,
2nd: n=9, NR ASQ-3 18 months C o child’s need for
2025 [69] (41 exposed) communication and 19 (46%)
3rd: n=27 - R prolonged
in gross motor coordination. hospitalizat
ospitalization
after birth, and
trimester
infection
At 6 and 24 months, up to 36%
cognitive, 64% No adjustment
. . 55% communication, and 57% for confounders;
K;(}ledsl F7t0a]1-’ C((l)}glzl;: /é\;gdél f;ﬂ;g;re(j mild/moderate, Bayley-III 624 months ~ motor delays were observed. BSID-III scores
P 55% severe Specific cord blood cytokines corrected for
correlated with respective gestational age
domain delays.
There was no grou Yes—for mother
. . group BMI, education,
difference in ASQ total mean .
country of origin,
scores, but those exposed to maternal age
Bere et al Cohort/N = 1446 Ist: n =63, 95.5% severe maternal COVID-19 re-preena r%c’
205:5 [71]" (555 ex o_se d) 2nd: n=278,  mild/asymptomatic, ASQ-3 4 months had an increased risk of total cgmopr’bigi G};X
p 3rd: n =214 4.5% severe ASQ scores below the cutoff ty, GA,

(exposed: 16.0% vs.
unexposed: 6.1%; OR 3.57;
95% CI, 1.14-11.24).

APGAR, type of
delivery,
birthweight, type
of feeding

3.1. Motor Development Findings

Motor development was the most commonly affected domain, with 11 studies report-
ing motor-related concerns. Shuffrey et al. (2021) found that both exposed and unexposed
infants born during the pandemic had significantly lower scores in gross motor and fine
motor domains compared to pre-pandemic cohorts, suggesting broader pandemic-related
effects beyond direct viral exposure [51]. Several studies specifically identified fine motor
delays: Cheng et al. (2021) reported significantly lower fine motor scores (p = 0.03) in
exposed infants at 810 months, while Liu et al. (2022) found higher rates of fine motor ab-
normalities in exposed versus unexposed groups (15.2% vs. 2.1%; p = 0.02) [53,60]. Studies
utilizing more sensitive motor assessment tools detected subtle neuromotor differences.
Martinez et al. (2023) and Aldrete-Cortez et al. (2022), both using the Motor Optimal-
ity Score-Revised (MOS-R), found significantly lower median scores in exposed infants
(23 vs. 25, p < 0.001; and 21 vs. 25, p = 0.002, respectively) [59,62]. Martinez et al. addition-
ally reported that 16 exposed infants had MOS-R scores < 20 versus 0 controls (p < 0.001),
and 13 exposed versus 0 controls showed developmental delays at 6-8 months clinical
examination [62]. Kehdi et al. (2025) observed that 40% had motor delays at 6 months, this
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percentage increasing to 64.3% at 24 months, with specific cord blood cytokines correlating
with motor delays (IL-6, IL-8, IL-17, and IL-1f3) [70].

3.2. Communication and Language Development Findings

Communication delays were reported in several studies, with varying degrees of
severity. Silva et al. (2025) found that 22 of 41 exposed children (53%) performed below
the cutoff value in communication domains at 18 months [69]. Hill et al. (2024) reported
lower ASQ-3 scores in communication domains among children exposed to severe maternal
SARS-CoV-2 infection (p < 0.005), with findings correlating with specific cytokine profiles
and epigenetic markers [68]. Berg et al. (2025), in one of the largest cohorts (N = 1446,
555 exposed), found no group differences in total ASQ scores, but noted increased risk of
scores below cutoff among those exposed to severe maternal COVID-19 (16.0% vs. 6.1%;
OR 3.57;95% CI, 1.14-11.24) [71]. Finally, the only study rated as high risk of bias, Rood
et al. (2023), suggested a mild delay but lacked a control group and included only 14
infants, limiting its reliability [65].

3.3. Socioemotional and Behavioral Outcomes

Several studies examined socioemotional development with mixed findings. Silva
et al. (2023) reported increased odds of socioemotional developmental delay (OR = 4.0;
p = 0.02) and inflexibility (OR = 14.0; p = 0.02) in exposed infants [63]. Ayesa-Arriola et al.
(2023) found lower affectionate response scores in exposed groups (p = 0.009), particularly
among those exposed in the third trimester (p = 0.043) [64]. Roffman et al. (2021) noted
high irritability in exposed infants (p = 0.015) [52].

3.4. Timing of Maternal Infection

The trimester of maternal infection showed variable associations with outcomes. Ayed
et al. (2022) found a higher risk of developmental delays with first-trimester (OR: 8.2,
p = 0.039) and second-trimester (OR: 8.1, p = 0.001) infections compared to third-trimester
exposure, but Ayesa-Arriola et al. (2023) reported more pronounced effects in third-
trimester exposures, particularly for affectionate response measures (p = 0.043) [57,64]. It
should be noted that more than a quarter (6/21) of the studies included had subjects only
from the 3rd trimester infection, and three studies did not report this variable.

3.5. Disease Severity

Disease severity appeared to influence outcomes in some studies. Berg et al. (2025)
specifically found increased risk only among infants exposed to severe maternal COVID-
19 [71]. Hill et al. (2024) focused exclusively on severe maternal infections and reported
significant developmental impacts with biological correlates [68].

3.6. Studies Reporting No Significant Differences

Seven studies reported no significant neurodevelopmental differences between ex-
posed and unexposed groups. These included some of the largest and highest-quality
studies: Jaswa et al. (2024) with 2003 participants (217 exposed) followed to 12-24 months,
Vrantsidis et al. (2024) with 896 participants (96 exposed) followed to 6-24 months, and
Wu et al. (2021) with 135 participants (57 exposed) assessed at 3 months [54,66,67]. These
studies were notable for their larger sample sizes, appropriate control groups, and adjust-
ment for multiple confounders, including maternal comorbidities, socioeconomic status,
gestational age, and infant characteristics.
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3.7. Adjustment for Confounders

Adjustment for confounders varied substantially across studies. Higher-quality stud-
ies typically adjusted for key variables, including gestational age, birthweight, maternal
age, education, socioeconomic status, and infection characteristics. Studies with limited or
no confounder adjustment showed more pronounced associations, raising questions about
residual confounding.

4. Discussion

This narrative review synthesizes current evidence regarding neurodevelopment in
infants born to mothers infected with SARS-CoV-2 during pregnancy, incorporating quality
assessment using the Newcastle-Ottawa Scale to contextualize findings. While methodolog-
ical heterogeneity presents interpretive challenges, emerging patterns regarding gestational
timing, infection severity, and biological mechanisms warrant deeper clinical and scientific
consideration alongside careful evaluation of study design limitations.

4.1. Overall Pattern of Findings and Study Quality Considerations

While 67% of studies reported some neurodevelopmental concerns, this proportion
requires careful interpretation within the context of study quality and design. The highest-
quality studies with low risk of bias (Jaswa et al., Vrantsidis et al., Shuffrey et al.) con-
sistently reported no major developmental differences between exposed and unexposed
groups [51,66,67]. This pattern suggests that apparent associations in lower-quality studies
may reflect methodological limitations rather than true causal relationships.

The domains most frequently affected, motor development, communication, and
socioemotional function, align with areas particularly vulnerable to early disruption and
most readily assessed in infancy. However, the transient and mild nature of most reported
delays, combined with their absence in well-controlled studies, suggests these findings may
not represent clinically significant or persistent developmental alterations in the majority
of exposed infants.

Overall, this review supports the statement that SARS-CoV-2 infection during preg-
nancy is not consistently associated with clinically significant neurodevelopmental delays
in early infancy, but it remains essential to distinguish between the effects of being born
during the pandemic and direct intrauterine exposure to SARS-CoV-2. Some delays may
reflect broader societal disruptions rather than biological effects of the virus.

4.2. Gestational Timing of SARS-CoV?2 Infection

The timing of maternal SARS-CoV-2 infection during pregnancy emerges as a criti-
cal determinant of neurodevelopmental risk, with evidence suggesting trimester-specific
vulnerabilities that align with established principles of fetal brain development.

First-trimester exposure shows the strongest association with developmental delays,
consistent with this period’s critical role in neural tube closure, neurulation, and establish-
ment of basic brain architecture [72,73]. Ayed et al. (2022) provided compelling evidence for
this vulnerability window, reporting dramatically increased odds ratios for developmental
delays with first-trimester exposure (OR: 8.2, p = 0.039) [57]. During the first trimester, the
blood-brain barrier is still developing, potentially allowing greater cytokine penetration
into fetal neural tissue [74]. Established literature describes that first-trimester maternal
immune activation affects fundamental neurodevelopmental processes, including neuro-
genesis, neuronal migration, and synaptic pruning [75,76]. The motor and reflex deficits
specifically associated with first-trimester exposure may reflect disruption of brainstem
and spinal cord development, which occurs primarily during weeks 4-8 of gestation.
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These structures are particularly vulnerable to inflammatory insults during their critical
formation periods [77].

Second-trimester findings present complex findings, with Ayed et al. similarly report-
ing elevated risk (OR: 8.1, p = 0.001), while other studies suggest more subtle effects [57].
This period (weeks 13-26) encompasses peak cortical neurogenesis and the establishment
of fundamental cortical architecture [78]. The apparent inconsistency in second-trimester
findings across studies may reflect the diverse nature of developmental processes occurring
during this extended period.

Third-trimester exposure presents the most intriguing findings, with studies reporting
both protective and adverse effects. Ayesa-Arriola et al. (2023) found reduced affectionate
response specifically in third-trimester exposed infants (p = 0.043), while several studies fo-
cusing exclusively on third-trimester exposure reported relatively preserved outcomes [64].
This apparent paradox may reflect the dual nature of late pregnancy immune activa-
tion. While the fetal brain is more mature and potentially more resistant to inflammatory
disruption, this period encompasses critical synaptogenesis, circuit refinement, and the
establishment of neurotransmitter systems crucial for social-emotional development [79].

4.3. Infection Severity

Studies focusing on mild to moderate maternal infections generally report reassuring
outcomes. Berg et al. (2025), in their large cohort study (N = 1446), found no group differ-
ences in overall ASQ scores when analyzing the full spectrum of infection severity [71]. This
suggests that the typical maternal inflammatory response to mild SARS-CoV-2 infection
may be insufficient to significantly disrupt fetal neurodevelopment. The predominance of
mild infections in many cohorts (often 80-95% of cases) likely contributes to the generally
reassuring overall findings.

Neurodevelopmental effects are more consistently reported in studies examining
severe maternal infections. Berg et al. specifically identified increased risk of developmental
concerns only among infants exposed to severe maternal COVID-19 (16.0% vs. 6.1%;
OR 3.57; 95% CI, 1.14-11.24) [71]. This finding suggests a dose-response relationship
between maternal inflammatory burden and fetal neurodevelopmental risk. Hill et al.
(2024) provided crucial mechanistic insights by focusing exclusively on severe maternal
infections and demonstrating correlations between infant DNA methylation patterns and
neurodevelopmental outcomes with specific cytokine profiles. Their finding of lower
ASQ-3 scores in multiple domains (communication, problem solving, and personal-social;
p < 0.005) coupled with epigenetic evidence provides the strongest support for biologically
mediated effects [68].

4.4. Maternal Immune Activation

The concept of MIA provides a unifying framework for understanding SARS-CoV-2
effects on fetal neurodevelopment. Rather than requiring direct viral invasion of fetal
neural tissue, MIA suggests that the maternal inflammatory response itself, can disrupt
fetal brain development through shared inflammatory pathways [80]. This mechanism has
been demonstrated across diverse maternal infections, from influenza to bacterial infections,
suggesting common downstream effects despite different initial triggers [18,81]. The MIA
model explains why SARS-CoV-2 effects on neurodevelopment show similarities to those
observed with other prenatal infections, despite the virus’s unique characteristics. The key
mediators are pro-inflammatory cytokines (such as IL-6, TNF-«, and IL-1[3) that can cross
the placenta and blood-brain barrier, triggering neuroinflammation in the developing fetal
brain [31]. This neuroinflammation can then disrupt critical developmental processes, in-
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cluding neurogenesis, neuronal migration, synaptic formation, and myelination, regardless
of whether the original pathogen directly infected neural tissue [76].

Kehdi et al. (2025) provided direct evidence of cytokine-mediated mechanisms, demon-
strating that specific cord blood cytokines (IFN-y, TNF-e, IL-6, IL-8, IL-17, IL-1f3, CXCL10)
correlated with domain-specific developmental delays [70]. The specificity of these correla-
tions suggests that different cytokine profiles may preferentially affect distinct neurodevel-
opmental domains. Pro-inflammatory cytokines like TNF-« and IL-6 have established roles
in disrupting neurogenesis and synaptic development, while chemokines like CXCL10 may
affect microglial activation and neuroinflammation [82-85].

Beyond direct cytokine effects, SARS-CoV-2 infection can cause placental pathology,
including thrombosis, infarction, and chronic villitis [86]. Liu et al. (2022) specifically
linked fine motor abnormalities in exposed infants to placental hypoxia and ischemia,
suggesting that vascular-mediated effects may be as important as direct inflammatory
mechanisms [60].

Hill et al. (2024) provided groundbreaking evidence of epigenetic changes in infants
exposed to severe maternal SARS-CoV-2 infection [68]. These DNA methylation alterations
correlated with specific neurodevelopmental deficits, suggesting that maternal immune
activation may program persistent changes in gene expression that influence long-term
neurodevelopmental trajectories [87-89].

4.5. Specific Areas of Development Affected

Motor delays represent the most frequently reported and consistent finding across
studies, appearing in 11 of 21 included studies. This consistency may reflect both the early
emergence and relatively straightforward assessment of motor skills, but also suggests gen-
uine vulnerability of motor systems to prenatal inflammatory insults. The progression from
gross motor delays detected by standard screening tools to fine motor deficits identified
by more sensitive instruments (MOS-R, GMA) indicates that motor effects may be subtle
but persistent. Martinez et al. (2023) and Aldrete-Cortez et al. (2022) both demonstrated
that specialized motor assessment tools could detect deficits missed by standard screening
instruments, with significantly lower median MOS-R scores in exposed groups (23 vs. 25,
p <0.001; and 21 vs. 25, p = 0.002, respectively) [59,62]. The basal ganglia and cerebellar
systems, vulnerable to prenatal inflammatory insults, are integral to both motor control
and higher-order cognitive functions, potentially predicting later learning difficulties and
attention problems [90,91].

Communication delays, while less consistently reported across all studies, may repre-
sent more clinically significant long-term effects when present. Silva et al. (2025) found
that 53% of exposed children performed below cutoff values in communication domains
at 18 months, a proportion that substantially exceeds the typical population prevalence of
language delays (10-15%) [69]. The correlation between communication delays and specific
cytokine profiles (Kehdi et al., 2025) suggests that neuroinflammation may particularly
affect perisylvian cortical regions critical for language development [70,92].

Social-emotional findings are reported in fewer studies. Ayesa-Arriola et al. (2023) docu-
mented reduced affectionate response, while Silva et al. (2023) reported increased inflexibility
(OR = 14.0; p = 0.02) and socioemotional developmental delays (OR = 4.0; p = 0.02) [63,64].
These findings align with established research linking prenatal immune activation to autism
spectrum disorders, social anxiety, and other social-emotional difficulties [93-95].
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4.6. Methodological Heterogeneity Impact on Interpretation
4.6.1. Assessment Tools and Their Clinical Implications

The choice of neurodevelopmental assessment tool significantly influenced findings
and their clinical interpretation. Parent-reported questionnaires such as the ASQ-3, while
cost-effective and widely used, may be influenced by recall bias, parental stress, and
pandemic-related anxiety [96]. These tools have known limitations in sensitivity for mild to
moderate delays, and maternal education level significantly influences their accuracy [97].
The high prevalence of ASQ-3 use across studies (12 of 21) may contribute to apparent
consistency of findings while actually reflecting shared methodological limitations rather
than true developmental effects.

In contrast, studies using more sensitive, clinician-administered tools like the Motor
Optimality Score-Revised (MOS-R) or General Movement Assessment (GMA) detected
subtle neuromotor differences that may have greater clinical significance. However, these
tools require specialized training and are resource-intensive, limiting their use to smaller
cohorts and potentially introducing selection bias [98-100].

Direct neurological examination, while valuable for detecting overt abnormalities,
may miss subtle cognitive or socioemotional delays that become apparent only with stan-
dardized developmental assessments [101]. This methodological diversity substantially
contributes to the heterogeneity of findings and complicates direct comparison of results
across studies.

4.6.2. Follow-Up Duration and Developmental Windows

The variation in follow-up duration (6 weeks to 24 months) represents another critical
limitation with important clinical implications. Most studies focused on early infancy,
when many neurodevelopmental domains are still emerging and may not yet manifest
subtle deficits. Domains such as executive function, attention regulation, and complex
social behaviors typically become measurable only in later childhood, meaning that current
evidence may not capture the full spectrum of potential effects.

Furthermore, the timing of assessment relative to critical developmental windows
varies across studies, making it difficult to determine whether observed differences repre-
sent persistent delays, transient perturbations, or normal developmental variation. This
limitation is particularly important given that some prenatal exposures may have effects
that only become apparent during school age or adolescence.

4.6.3. Distinguishing Viral Effects from Pandemic Context

A particularly important finding emerges from studies that attempted to distinguish
direct viral effects from broader pandemic-related impacts. Shuffrey et al. (2021) [51]
provided crucial insight by comparing three groups: pre-pandemic infants, pandemic-
born unexposed infants, and pandemic-born exposed infants. Their finding that both
pandemic-born groups showed lower developmental scores compared to pre-pandemic
cohorts, regardless of maternal infection status, highlights the challenge of attributing
developmental differences specifically to SARS-CoV-2 exposure [51]. This observation
suggests that many reported developmental concerns may reflect broader pandemic-related
disruptions, including altered prenatal care, maternal mental health impacts, reduced social
stimulation, and disrupted healthcare access rather than direct viral effects [102,103]. The
failure of many studies to account for these contextual factors represents a significant
limitation in interpreting current literature.

186



J. Clin. Med. 2025, 14, 6202

4.6.4. Confounding and Study Quality Considerations

The inconsistent approach to confounder adjustment across studies represents a major
limitation affecting interpretation. Key confounders, including preterm birth, small for
gestational age status, maternal mental health, socioeconomic factors, and healthcare access
disruption, were variably addressed. Large registry-based studies and well-funded cohorts
generally provided more comprehensive adjustment, while smaller studies often presented
unadjusted comparisons.

Where adjustment was limited or absent, observed associations, particularly modest
developmental score differences, should be interpreted cautiously, given the potential for
residual confounding. The observation that studies with more comprehensive confounder
adjustment were less likely to report significant associations supports this concern.

Among the 21 included studies, the 9 studies rated as low risk of bias using the
Newcastle-Ottawa Scale were predominantly large, prospective cohorts with appropriate
control groups and robust outcome assessments. Notably, most studies rated as low risk
(6 of 9) reported no significant neurodevelopmental differences, while studies reporting
delays were more frequently rated as moderate or high risk due to limitations in sample
size, control group quality, follow-up duration, or assessment methodology. The only study
rated as high risk of bias, Rood et al. (2023), suggested a mild delay but lacked a control
group and included only 14 infants, limiting its reliability [65].

4.7. Similar Studies

Our finding is in concordance with other studies: a meta-analysis comparing infants
born during compared to those born before the pandemic published by Hessami et al.
(2022) found no overall rise in neurodevelopmental impairment, except for communication
delay regardless of maternal infection and among infants with confirmed prenatal SARS-
CoV-2, only fine motor performance showed a notable increase in risk (OR = 3.5) [104].
A systematic review conducted by Veloso et al. (2024) focusing on the first postnatal
year reported that while most SARS-CoV-2-exposed infants achieved age-appropriate
development, mild deficits emerged, particularly in gross and fine motor domains and
early on, and language/social domains, especially by parental report tools such as ASQ
3, NBAS, and BPSC [105]. Another meta-analysis published by Jackson et al. (2024),
which included four studies up to 11 months postpartum, found no statistically significant
increased risk of delay in communication, motor, problem-solving, or social domains
among term infants [106].

4.8. Limitations

This review has several limitations. First, there is a substantial heterogeneity among
included studies regarding neurodevelopmental assessment tools, timing of evaluations,
and definitions of delay. Second, most studies had short-term follow-up, typically ending
before 24 months, precluding evaluation of later-emerging deficits in domains such as
executive function, attention, and social behavior. Third, while some studies used stan-
dardized clinical assessments, many relied on parent-report tools, which may be subject to
re-reporting bias.

Additionally, confounding factors such as maternal stress, preterm birth, or pandemic-
related changes in healthcare access were variably controlled. Only one study distin-
guished between direct viral effects and indirect environmental consequences of the pan-
demic, by comparing 3 groups: pre-pandemic group and 2 pandemic groups exposed
and non-exposed [51].
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4.9. Future Directions

Future research should focus on large-scale, longitudinal cohort studies that follow
children with in utero SARS-CoV-2 exposure into later childhood and adolescence, allowing
for the assessment of cognitive, behavioral, and emotional outcomes beyond the early
developmental window. Standardized neurodevelopmental assessment tools, consistent
follow-up intervals, and appropriate control groups (including both pandemic-born but
unexposed children and pre-pandemic cohorts) are essential to improving comparability
across studies. Investigations should also explore potential modifiers such as the timing of
maternal infection during pregnancy, maternal mental health, preterm birth, and infant sex.

5. Conclusions

Based on the Newcastle-Ottawa Scale analysis, current evidence does not indicate
consistent neurodevelopmental harm from prenatal SARS-CoV-2 exposure. Most well-
designed studies support normal developmental trajectories up to 24 months; however,
emerging evidence suggests that specific subgroups, particularly those exposed to severe
maternal illness or during vulnerable gestational periods, may be at increased risk for subtle
developmental effects. Nonetheless, further high-quality longitudinal research is needed to
track potential late-emerging outcomes, especially in cognitive, emotional, and behavioral
domains during school age. While reassuring trends emerge from high-quality studies,
the nuanced nature of prenatal exposures, direct viral effects versus indirect psychosocial
or immunological impacts, underscores the complexity of this topic. Thus, continued
surveillance and rigorous, harmonized research protocols remain essential.
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Abbreviations

The following abbreviations are used in this manuscript:

COVID 19 Coronavirus disease 2019

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
PRISMA Preferred Reporting Items for Systematic reviews and Meta-Analyses
ASD Autism spectrum disorders

CMV Cytomegalovirus

EBV Epstein—Barr virus

NOS Newcastle-Ottawa Scale

OR Odds ratio

ASQ-3 Ages and Stages Questionnaire

BPSC Baby Pediatric Symptom Checklist

GMA General Movement Assessment

MOS-R Motor Optimality Scores Revised

NBAS Neonatal Behavioral Assessment Scale
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ICD-10 International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision

SWYC Survey of Well-Being of Young Children

ASQ:SE-2 Age and Stage Questionnaire Social-Emotional

MIA Maternal Immune Activation

LBW Low birth weight

GA Gestational age

OR Odds ratio
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Abstract

Background/Objectives: Current estimates suggest that 6% of COVID-19 survivors develop
a post-viral sequela known as Long COVID. Among those at risk for this sequela, pregnant
individuals are a vulnerable patient population, but they are understudied as to the nature
of their symptomology and potential adverse outcomes. Methods: This retrospective study
evaluated a cohort of 150 pregnant individuals with a history of acute SARS-CoV-2 infec-
tion during pregnancy, observing for Long COVID symptoms and assessing for adverse
outcomes. Of this cohort, 64% identified as Black and/or Latina, which provides a more di-
verse representation compared to previously published studies. Results: Within this cohort,
26.7% of individuals experienced at least one symptom of Long COVID; subcohorts, which
were categorized based on presence or absence of Long COVID symptomology, presented
with varying phenotypes. Pain, mental health dysfunction or psychological problems, and
fatigue were the predominant symptoms documented for patients who averaged two Long
COVID symptoms after at least 30 days following a COVID-19 diagnosis. Different adverse
outcomes were higher in frequency among subcohorts, highlighting a need for continued
study to explore the nuances of the impact of COVID-19 on this unique and vulnerable
population. The most notable trends between subcohorts related to treatment patterns for
acute COVID-19, vaccine status, and cesarean delivery rates. Conclusions: By providing a
description of the documented health experience for a predominantly non-White cohort of
individuals who were diagnosed with an acute SARS-CoV-2 during pregnancy, our study
contributes to a foundation upon which future studies can build.

Keywords: COVID-19 and pregnancy; SARS-CoV-2 infection; maternal morbidity;
pregnancy complication; management; maternal comorbidities; severe disease; prevention;
diagnosis; treatment

1. Introduction

First described through social media by sufferers who characterized themselves as
“long-haulers,” the presence or continuation of symptoms for an extended period following
acute COVID-19 is an accepted condition with various working definitions [1]. The 2022
definition by the Centers for Disease Control and Prevention (CDC) defined it as “a lack of
return to normal health after a SARS-CoV-2 infection, specifically after at least four weeks,”
while the National Academies of Sciences, Engineering, and Medicine (NASEM) defines
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it as “an infection-associated chronic condition (IACC) that occurs after a SARS-CoV-2
infection and is present for at least 3 months as a continuous, relapsing and remitting,
or progressive disease state that affects one or more organ systems” [2,3]. The phrase
“Post-Acute Sequelae of SARS-CoV-2 infection,” or PASC, is used by the National Institutes
of Health (NIH) to refer to the worsening, continuation, reoccurrence of symptoms or the
emergence of new symptoms 30 days or more after the initial manifestation of symptoms
from a SARS-CoV-2 infection, while the World Health Organization (WHO) definition
is specific to symptom continuation of three months or longer [4,5]. Using the WHO
definition, at least 6% of the over 778 million cases with a history of COVID-19 globally
are thought to have experienced Long COVID and, in the United States specifically, this
condition afflicts an estimated ~43-45 million people [5-8]. Due to the variability in clinical
definitions and challenges in diagnosis, however, this number is likely underestimated [9].

Not only does the variability within clinical definitions of Long COVID have an
impact on epidemiology estimates, but it also has a negative impact on potential sufferers,
delaying them from seeking care due to the lack of knowledge on the comprehensive or
differential symptoms; this is amplified by healthcare access challenges such as frequently
fragmented, siloed care across various clinical specialties [10,11]. This is particularly
concerning for vulnerable patient populations who may be at higher risk for adverse
outcomes. Researchers are working to better characterize Long COVID in such vulnerable
groups [12-15], but there are still critical gaps in knowledge.

Pregnant individuals are within the group of particularly vulnerable patients for
whom a better understanding of Long COVID is required. Adverse effects of acute COVID-
19 have been documented during pregnancy, including higher risk of pre-eclampsia and
increased incidence of neurodevelopmental disorders in offspring [16-18]. Moreover,
because of safety concerns for the fetus, clinical trials and subsequently approved thera-
pies for acute COVID-19 in pregnant individuals are limited [19-21]. Overall, there is a
higher risk of respiratory-infection-associated maternal and fetal morbidity and mortality
in pregnant individuals, including associated conditions such as influenza [22-24]. The
exact nature of Long COVID in pregnant or recently pregnant individuals, however, is
still poorly understood and is possibly unique from that of non-pregnant individuals.
Pregnant individuals are known to have physiologically altered immune states during
pregnancy and post-partum compared to non-pregnant individuals, among other physio-
logical differences [25]. As a result, variation in susceptibility to and presentation of disease
is not surprising [26]. Other diseases have been documented as presenting with distinct
characteristics in pregnant individuals compared to non-pregnant individuals, including
diabetes and hypertension [27-29]. Long COVID in the pregnant and post-partum pop-
ulation is still poorly understood, with the few published studies reporting conflicting
conclusions [14,30-32]. Thus, to add to the emerging body of research and literature, this
study aims to describe the health status of a cohort of individuals who experienced acute
SARS-CoV-2 infection during pregnancy. This cohort was selected from those seeking care
at an academic health center in an urban setting, which serves both rural and suburban
areas. As a result, this study, with its comparatively diverse patient population, offers a
distinct perspective from existing studies on Long COVID during pregnancy [14,15].

2. Methods

This study was a retrospective cohort study conducted in May through December of
2024 involving the chart review and unstructured data analysis of the electronic health
records (EHRs) of pregnant individuals seen within a singular large academic healthcare
system that consists of two regional hospitals and multiple clinical sites (Figure 1).
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Study Design

Retrospective Study

450 patient Number of patients screened in clinical database

Randomized selection of screened patients

150 participant: Number of patients enrolled

Excluded: Post partum individuals; N = 1

from El ic Health R d:
Demographics
Baseline:
« Pregnancy history

« COVID-19 clinical characteristics
* Co-morbid conditions

Long COVID Symptomatology

Outcomes:
« Pregnancy
« Post-partum
« Neonate

Sub-cohort Categorization

Categories:
—= « Long COVID determination based on PASC score

date of COVID-19 during pregnancy):

documented earlier than 30 days post acute diagnosis) were
excluded from this subcohort analysis to prevent potentially

o Recovery from long COVID (initial doct ion of one or more symp 30 days or more, after the COVID-19
di is, with no docur ion of the same symptom at the last or latest encounter date)
|
Long COVID symptomatology PASC Score (Year 2023, Year 2024)
sﬁ' ’I‘%’ms Present; PASC Score = Positive
= [Excluded]; N =1,1
Symptoms Resolved; PASC Score = Indeterminate;
*Participants that only had Long COVID-associated persisting or N=9 N=15,22
resolved symptoms that were also documented within the one-
year period prior to acute SARS-CoV-2 infection or only the
of i inati that was Symptoms Absent; PASC Score = 0;
with our study i ie. were N =36 N=133,126

Excluded from subcohort analysis due to
N =64

Figure 1. Study Design. In this descriptive study, electronic health records were retrospectively
reviewed for 149 pregnant individuals with a history of acute SARS-CoV-2 infection during pregnancy,
observing for Long COVID symptoms and assessing for adverse outcomes. Participants were
classified according to two different classification systems, either based on overall Long COVID
symptomatology or a PASC score derived from the NIH RECOVER protocol. Figure created using
the web-based application, BioRender. Adeyemi, C. (2025) https:/ /BioRender.com/g0xjvir (accessed
on 30 September 2025).

2.1. Human Subjects Protection

This study was conducted with the review and approval of the University of Cincinnati
Institutional Review Board (protocol # 2020-0313).

2.2. Cohort Selection and Definitions

A cohort of 150 participants, aged 15 years and above, was randomly selected from a
pre-existing list of 450 patients that was generated by network providers to track pregnancy-
related encounters, particularly labor and delivery, for patients with documented SARS-
CoV-2 infections at any point during pregnancy. Pregnancy was noted by a clinician’s
observation of any gestational age for the patient and an indicator of pregnancy such as
a prenatal visit, ultrasound visit, a delivery summary note or, a post-partum encounter
detailing the date of delivery. Infection was documented by the clinician within patient’s
EHR based on either an in-house laboratory-confirmed positive SARS-CoV-2 PCR or
antigen test or an at-home test result noted by the patient. The acute phase of a SARS-CoV-
2 infection was defined as from the date of reported symptom onset up to 21 days. Upon
EHR review;, a single patient was identified who had a post-partum COVID-19 diagnosis
date and was thus excluded from the study, resulting in a total of 149 participants.
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2.3. Study Period

Participants records were reviewed from a year prior to their pregnancy-related
COVID-19 diagnosis date until 31 December 2024.

2.4. EHR Review

Data collection was performed manually by a team of four researchers (C.A, RK, L.B
and D.M) using a data abstraction tool that was informed by expertise from a panel of
individuals with maternal-fetal medicine, Long COVID, and/or EHR informatics exper-
tise. Each investigator was trained using a protocol detailing search terms to use for each
question on the two instruments used for this study (Supplemental Figure S1). These in-
struments evaluating symptomology and pregnancy were adapted for EHR data extraction
from the NIH RECOVER instruments for the prospective study conducted on pregnant
adults (Table 1). This adapted instrument included select symptomology associated with
PASC along with variables associated with pregnancy history and outcomes.

Table 1. List of Symptoms Evaluated through Retrospective EHR Chart Review.

Symptom List/Description

Poor appetite or overeating

Fatigue (being very tired)

Post-exertional malaise (Symptoms worse after even minor physical or mental effort)

Swelling of legs, Weakness in arms or legs, muscle cramps in legs and /or feet

Fever, chills, sweats or flushing

Loss of or change in smell or taste

Pain in any part of your body

Shortness of breath

Cough

Palpitations, racing heart, arrhythmia, skipped beats

Gastrointestinal (belly) symptoms (feeling full or vomiting after eating, diarrhea,
constipation, cramping or colicky abdominal pain)

Bladder problems (incontinence, trouble passing urine or emptying bladder)

Nerve problems (tremor, shaking, abnormal movements, numbness, tingling, burning,
cannot move part of body, new seizures)

Problems with anxiety, depression, stress, or trauma-related symptoms like nightmares
or grief

Problems with sleep

Problems thinking or concentrating (“brain fog”), Feeling faint, dizzy, “goofy”; difficulty
thinking soon after standing up from a sitting or lying position

Color changes in your skin, such as red, white or purple

Skin rash, sores

Excessively dry mouth, eyes

Excessive thirst

Vision problems (blurry, light sensitivity, difficulty reading or focusing, floaters, flashing
lights, “snow”

Problems with hearing (hearing loss, ringing in ears)
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Table 1. Cont.

Symptom List/Description

Hair loss

Problems with teeth

Changes to menstrual cycle, reports of heavy periods

Changes in fertility or difficulty getting pregnant

Any other symptoms that were attributed to COVID-19 in EHR documentation

2.5. Data Collection Variables

From the manual EHR review, clinical chart documentation of 26 selected symptoms
that have previously been associated with Long COVID was recorded as outlined in Table 1.
During the period of review, several time points were specifically assessed for symptom
documentation, including the following windows relative to the COVID-19 diagnosis
index date during pregnancy: a year before, 22 days after, 30 days after, and the final
encounter at the time of record review. Participant demographic data included age (at
the time of expected delivery date), race, and ethnicity, as well as SARS-CoV-2 vaccine
status. In addition to symptom documentation, data was collected related to health during
pregnancy and delivery outcomes. Included in the outcomes evaluated was COVID-19
severity indicated by a documentation of the need for ventilation or hospitalization due
to acute COVID-19. Participants with missing data were retained for analysis to avoid a
significant loss of information and a reduction in sample size.

2.6. Cohort Classification

For analysis of symptoms following COVID-19 diagnosis during pregnancy, par-
ticipants were classified using two different approaches: (1) by overall symptom pres-
ence, recovery, or absence and (2) based on PASC score derived from the NIH RECOVER
protocol (Figure 1).

2.6.1. Overall Symptom Presence

Long COVID symptomology was classified as “Symptoms Present,” “Symptoms
Resolved,” or “Symptoms Absent.” For those classified as Symptoms Present, our study
design required that the symptom be present at both 30 days or more following the acute
COVID-19 and remain documented at the final encounter in the study period; if the
symptom was no longer documented at the final encounter, the participant was classified
as Symptoms Resolved. Participants who did not clearly meet the criteria for one of these
three classifications were excluded from analysis as outlined in Figure 1. Additionally,
Supplemental Table S1 lists each participant record by their subcohort classification group.

2.6.2. PASC Score

The NIH RECOVER group developed an index scoring model for the description
of patients suspected of or at-risk for PASC [4]. Briefly, the scoring was informed by the
most distinct frequent symptoms experienced by their Long COVID participants compared
to those who did not have Long COVID and those who did not have a positive case
of SARS-CoV-2 infection. The cohort was an adult population of predominantly non-
pregnant individuals. The initial index was published in 2023 with an updated 2024
index informed by the evolving knowledge of the Long COVID experience informed by
their participants [33]. The categories are “PASC Zero”, “PASC Indeterminate.” or “PASC
Positive.” PASC Positive participants have a score of 12 or more in 2023 and 11 in 2024
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with these scores determined from the aggregate score of the select symptoms reported or
observed in participants.

For the purpose of our study, participants were classified as “PASC Positive” if they
had documented persistence or presence of one or more PASC-specific symptoms, culmi-
nating in an aggregate score of 11 or 12, depending on the version of the PASC scoring
system used that year. Participants were considered “PASC Indeterminate” if they had
documented persistence or presence of one or more PASC symptoms with an aggregate
score of less than 11 or 12, depending on the PASC score version used. Finally, participants
were considered “PASC Zero” if they either: (1) only had a documented presence of one or
more symptoms that were also present at some point during the year before the incident
date of their COVID-19 diagnosis during pregnancy; (2) only had a documented presence
of one or more symptoms persisting or present 30 days or more after their incident date of
COVID-19 during pregnancy but a final PASC score of zero; (3) only had a documented
presence of one or more symptoms present 30 days or more after their incident date of
COVID-19 diagnosis during pregnancy but no longer had documentation of that symptom
in their latest encounter at the time of chart review; or (4) had no documentation of any of
the PASC score symptoms in their EHR.

2.7. Statistical Analysis

The sample size was determined to balance the intensive effort required for com-
prehensive manual review of each participant’s electronic health record with the goal
of assembling a preliminary yet informative cohort representative of this understudied
population. Because the study was exploratory and descriptive, it was not designed for
hypothesis testing or formal power analysis. Descriptive statistics are presented as fre-
quencies, proportions and means, as appropriate. For categorical variables highlighted
within the text and figures, we reported both observed proportions and corresponding
95% confidence intervals to convey the precision of the estimates. Given the relatively
small subgroup sizes (approximately 20-40 participants), exact (Clopper-Pearson) binomial
confidence intervals were used rather than large-sample approximations.

3. Results

3.1. Subcohorts Based on Overall Symptom Presence and PASC Score Classification
3.1.1. Overall Symptom Presence

There were 36 (24%), 40 (27%), and 9 (6%) of the total participants that were clas-
sified as Symptoms Absent, Symptoms Present, and Symptoms Resolved, respectively
(Figure 1 and Table 2). The remaining 43% of participants could not clearly be classified
into one of these three groups because of either the presence of Long COVID-associated
symptoms prior to acute SARS-CoV-2 infection or the development of persistent symp-
toms in a timeframe that was inconsistent with our study definitions (Figure 1 and
Supplemental Table S1); they were excluded from analysis, rather than included in one
of the three classifications, so as to prevent potentially confounding data. Demographic
data for subcohorts are listed in Table 2. For each subcohort, the majority of participants
were in their third trimester at the time of acute COVID-19 diagnosis (Symptoms Absent
69%, Symptoms Present 55% and Symptoms Resolved 78%). Only 30% of participants
in the Symptoms Absent subcohort had documentation of either declined SARS-CoV-2
vaccination or vaccination occurring after their acute COVID-19 diagnosis during preg-
nancy, compared to 67.5% in the Symptoms Present and 55% in the Symptoms Resolved
subcohorts (Table 2 and Figure 2).
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Table 2. Subcohorts Based on Overall Symptoms and PASC Score.

PASC PASC
Symptoms Symptoms Symptoms PASC Zero . PASC Zero -
Absent Present Resolved 2023 Indetzea;gmate 2024 Indetzeggllmate
Number of participants 36 40 9 133 15 126 22
Proportion of participant pool 24.20% 26.90% 6.04% 89.30% 10.10% 84.60% 14.80%
Range 16-41 20-44 17-36 15-41 20-39 1641 15-39
Age (years)
Mean 26.6 324 26.7 27.7 28.9 28.1 27.1
Black 31% 47.50% 22% 43% 47% 44% 36%
White 32% 30% 22% 30% 33% 29% 41%
Latina 32% 17.50% 56% 22% 13% 22% 14%
Asian 0% 5% 0% 2% 7% 2% 5%
. Native
Race/Ethnicity  American or 0% 0% 0% 1% 0% 0% 5%
Alaska Native
Native
Hawaiian or o, o, o, o, o, 0, o,
Pacific 0% 0% 0% 0% 0% 0% 5%
Islander
Multiracial 5% 0% 0% 2% 0% 2% 0%
Before
COVID-19 17% 15% 11% 21% 7% 21% 9%
diagnosis
After
Vaccination COVID-19 19% 27.50% 33% 20% 40% 21% 32%
Status diagnosis
Not
documented 53% 17.50% 33% 33% 13% 33% 18%
Patient o o, o, o o, o, o
declined 11% 40% 22% 26% 40% 25% 41%
Trimester on 1st 3% 12.50% 0% 5% 20% 5% 14%
date of o o o, o o, o, 0
COVID-19 2nd 28% 32.50% 22% 32% 47% 35% 50%
Diagnosis 3rd 69% 55% 78% 62% 33% 60% 36%
Gestational Age Mean 319 28 33.6 29 257 295 256
(weeks)
Trimester Mean 3rd 3rd 3rd 3rd 2nd 3rd 2nd
1.00
0.90 O Symptoms Absent
n -
% 0.80
o @ Symptoms Present
5 0.70 %
£ 0.60
© @ Symptoms Resolved
o ]
« 0.50 e
o ey [
S 0.40 -
o Y o B PASC Zero 2023
—
g 0.30 "é//’
©0.20 % o PASC Indeterminate 2023
o
0.10 \
0.00 M PASC Zero 2024
Documented Vaccination Prior to Declined Vaccine or Documented )
COVID-19 Diagnosis Vaccination After COVID-19 [ PASC Indeterminate 2024

Diagnosis

Figure 2. Observed Proportions of Vaccination History. For each subgroup, the observed proportions
of participants for whom (1) COVID-19 vaccination was documented prior to the acute COVID-19
infection during pregnancy or (2) COVID-19 vaccination was either documented as declined by the
participant or only documented after the acute COVID-19 diagnosis are reported. Corresponding
95% confidence intervals are shown to convey the precision of the estimates. The order of the chart
legend entries (listed vertically) corresponds to the order of data categories shown in the graph (left
to right).
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3.1.2. PASC Score

The PASC Score classification was completed using models derived from those pub-
lished in 2023 and 2024 [4,33], and thus subcohorts are labeled as such. Using the model
adapted from the 2023 publication, there were 133 (89%) of the total participants that were
classified as PASC Zero compared to 15 (10%) classified as PASC Indeterminate. Using the
model adapted from the 2024 publication, there were 126 (85%) of the total participants that
were classified as PASC Zero compared to 22 (15%) classified as PASC Indeterminate and
one individual classified as PASC Positive (Figure 1). Demographic data for subcohorts
are listed in Table 2. The majority of participants in all subcohorts were in their third
trimester at the time of COVID-19 diagnosis. For the 2023 PASC Zero subcohort, only
46% of participants declined SARS-CoV-2 vaccination or were not vaccinated until after
their COVID-19 diagnosis compared to 80% for the 2023 PASC Indeterminate subcohort.
Similarly, for the 2024 PASC Zero subcohort, only 46% of participants declined vaccination
or were not vaccinated until after their COVID-19 diagnosis during pregnancy compared to
73% in the PASC Indeterminate subcohort (Figure 2). Based on the model adapted from the
2023 publication and 2024 publication, the same individual was classified as PASC Positive
with a vaccine status of declined vaccination.

3.2. Documentation of Symptoms Prior to Acute COVID-19 Diagnosis

Eighteen participants (11%) out of the entire cohort had documentation of at least
one of the 26 evaluated symptoms persisting 30 days or more following their COVID-19
diagnosis during pregnancy but also had that same symptom documented in their EHR up
to a year before their COVID-19 diagnosis. Because of this previous documentation prior to
their acute COVID-19 during pregnancy, these occurrences were not considered “persistent
symptoms” and thus, did not result in classification within the Long COVID Present or
PASC Indeterminate subcohorts; participants would have needed documentation of at least
one other persisting symptom that was not present within the year prior to COVID-19 to
be classified within either of these groups.

3.3. Symptoms Following Acute SARS-CoV-2 Infection During Pregnancy

Of the Long COVID symptoms documented as persisting until the latest encounter within
the study window, fatigue (15%), cough (13%) and gastrointestinal symptoms (10%) are the
most frequently observed symptoms seen in the 40 participants categorized in the subcohort
with Symptoms Present (Figure 3): The most frequently documented symptoms that were
present at least 30 days after a COVID-19 diagnosis but not persisting till the latest encounter
were similar to those that persisted, with the exception of frequent documentation of resolved
pain anywhere in the body. Overall, however, the majority of participants did not have
documentation of many of the Long COVID symptoms that were evaluated (Figure 3). For
example, 60% of the participants did not have any documentation of pain following their acute
COVID-19 diagnosis and there was no recorded documentation of color changes in the skin
for 99% of participants. Each of the 26 symptoms were documented as occurring following the
COVID-19 diagnosis in at least one participant, however (Table 1 and Figure 3). Twenty-two
of the twenty-six symptoms are documented as persisting for at least one participant, while
twenty-three symptoms were documented for at least one participant, as resolving at least
30 days or more following the incident date of a SARS-CoV-2 infection during pregnancy.

3.4. Pregnancy and Neonatal Outcomes
3.4.1. Outcomes Based on Overall Symptom Presence Classification

The Symptoms Absent subcohort had a greater proportion of participants for whom
the incident pregnancy was their first pregnancy (19% vs. 5% for the Symptoms Present

202



J. Clin. Med. 2025, 14, 7869

z

Proportion of Participants

subcohort). Antithrombolytics were the most frequently prescribed medication during
acute SARS-CoV-2 infection in the Symptoms Absent subcohort, whereas antivirals had
been the most commonly prescribed medications in the Symptoms Present subcohort
(Figure 4B and Table 3). More severe COVID-19 cases were noted in the Symptoms Absent
group (8.3% in the Symptoms Absent group vs. 2.25% in the Symptoms Present group)
(Figure 4C and Table 3). Both groups had relatively high rates of cesarean delivery (CS)
compared to national rates; most of the cesarean deliveries were planned [34]. Cesarean
deliveries trended higher in the Symptoms Present subcohort (58%) compared to the
Symptoms Absent subcohort (47%). Both subcohorts had documented comorbidities
(Table 3 and Figure 5).

* Appetite changes

« Fatigue

« Postexertional malaise

« Taste & Smell Changes

« Pain in any body part

« Neurological symptoms e.g. tingling
sensation

« Psychological symptoms e.g. anxiety

« Cognitive symptoms e.g. brain fog

* Sleep problems

« Taste & Smell Changes
« Dry mouth or eyes
« Excessive thirst

Symptoms Following Acute SARS-
CoV-2 Infection During Pregnancy

* Shortness of breath

o Palpitations

é « Gastrointestinal symptoms

o Fever
« Skin changes

Bladder Sympt s
S ? symptoms documented at least once in the Symptoms

Present subcohort | 23 symptoms documented at least once

Each of the 26 symptoms had at least one occurrence | 22
in the Symptoms Resolved subcohort

=)

« Swelling of extremities

Symptoms Present

. . Fatigue ﬂ Subgroup
. Symptoms Resolved X i )
' ‘ Subgroup ! Gastrointestinal
- oy symptoms
Cough

Entire cohort
categorized by
symptom
status

|

Incident Date

The most frequently observed
symptoms for both groups

30 Now

days following the date of diagnosis of COVID-19 during pregnancy
Figure 3. Symptoms Following Acute SARS-CoV-2 Infection During Pregnancy. Participants were
classified based on overall Long COVID symptomatology based on a retrospective EHR analysis
for observed documentation of 26 different symptoms. For those classified as Symptoms Present,
our study design required that the symptom be present at both 30 days or morefollowing the acute
COVID-19 and remain documented at the final encounter in the study period; if the symptom
was no longer documented at the final encounter, the participant was classified as Symptoms
Resolved. Figure created using the web-based application, BioRender. Adeyemi, C. (2025) https:
/ /BioRender.com/r8gb1n6 (accessed on 30 September 2025).
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Figure 4. Observed Proportions of Acute COVID-19 Treatment History and Severity. (A) For each
subgroup, the observed proportions of participants for whom treatment for acute COVID-19 was
documented are reported. (B) Of those who had documented treatment, the observed proportion
of the different treatment options given is also reported. (C) For each subgroup, the observed
proportions of severe acute COVID-19 are reported. Corresponding 95% confidence intervals are
shown to convey the precision of the estimates. The chart legend provided in panel A corresponds to
all three panels. The order of the chart legend entries (listed vertically) corresponds to the order of

data categories shown in the graph (left to right).

Table 3. Characteristics and Outcomes Associated with Pregnancy Based on Presence or Absence

[

of Symptoms.
Symptoms Absent ~ Symptoms Present
(n) (%) (n) (%)
36 47% 40 53%
General Characteristics of Concurrent COVID-19 and Pregnancy
1 7 19.44% 2 5.00%
, ) i 2 11 30.56% 10 25.00%
Number of times pregnancy is documented in the 5 5
patient’s EHR (including current/recent 3 5 13.89% 8 20.00%
pregnancy, previous pregnancies, live births, 4 9 25.00% 6 15.00%
miscarriages, stillbirths or abortions) 5 3 8339 6 15.00°%
>5 1 2.78% 8 20.00%
Number of multiple gestations BEFORE pregnancy during COVID-19 1 3.45% 1 2.50%
Prior Vaginal Birth 16 55.17% 16 40.00%
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Table 3. Cont.

Symptoms Absent  Symptoms Present

(n) (%) (n) (%)
Adverse Outcomes of Prior Pregnancies
1 2 6.90% 9 23.68%
Miscarriages 2 1 3.45% 2 5.26%
3 0 0.00% 3 7.89%
Still Birth 0 0.00% 1 2.63%
HELLP 0 0.00% 1 2.63%
Cesarean Section (CS) Delivery 7 24.14% 15 39.47%
Gestational Diabetes 0 0.00% 4 10.53%
Gestational Hypertension 3 10.34% 6 15.79%
Preeclampsia 5 17.24% 3 7.89%
Preterm birth 2 6.90% 5 13.16%
COVID-19 Experience
Pregnant 20 55.56% 31 77.50%
Stage at which acute COVID-19 was diagnosed Irll labor/at 16 14.44% 9 22 50%
elivery
Treated for acute COVID-19 10 27.78% 15 37.50%
Pain relievers
and symptom 0 0.00% 3 20.00%
relief
Antivirals 2 20.00% 7 46.67%
Acute COVID-19 treatment given Steroids 2 20.00% 4 26.67%
Antithrombolytics 7 70.00% 6 40.00%
Antibiotics 2 20.00% 1 6.67%
N 1 10.00% 3 20.00%
No documented treatment for acute COVID-19 26 72.22% 25 62.50%
Asymptomatic 8 30.77% 5 20.00%
Pocumented reasons for lack of acute Patient declined 1 3.85% 4 1600%
Mild Symptoms 4 15.38% 2 8.00%
Patient hospitalized and/or given oxygen due to acute COVID-19 3 8.33% 1 2.25%
Pregnancy Outcomes
Number of multiple gestations DURING pregnancy during COVID-19 3 8.33% 1 2.50%
Live Birth 32 89% 40 100%
Number of babies 1 30 93.75% 39 97.50%
2 3 9.38% 1 2.50%
e M 21 64.00% 20 50.00%
Sex distribution of neonate
F 12 36.00% 20 50.00%
Miscarriages 0 0.00% 0 0.00%
Still Birth 2 5.56% 0 0.00%
Preterm birth 11 30.56% 13 32.50%
CS Delivery 15 46.88% 23 57.50%
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Table 3. Cont.

Symptoms Absent  Symptoms Present
(n) (%) (n) (%)
Planned cesarean
delivery because
of prior 6 40.00% 9 39.13%
cesarean delivery
Abnormal o
progress in labor 4 26.67% 4 17.39%
Concern about
baby based on 2 13.33% 7 30.43%
Reason for CS Delivery the heart monitor
Baby was breech 2 13.33% 2 8.70%
Emergency due
to risk to baby or 3 20.00% 3 13.04%
participant
Patient too sick
with COVID-19 1 6.67% 0 0.00%
to be in labor
Other reasons for 0.00% 3 13.04%
a Cesarean
Forceps or Vacuum-assisted delivery 0 0.00% 6 15.00%
Gestational diabetes 6 16.67% 3 7.50%
Gestational hypertension 2 5.56% 7 17.50%
Preeclampsia 8 22.22% 8 20.00%
HELLP syndrome 1 2.78% 2 5.00%
Seizures 1 2.78% 0 0.00%
Placenta abruption 3 8.33% 1 2.50%
Preterm premature rupture of membranes 6 16.67% 5 12.50%
Oligohydramnios 1 2.78% 1 2.50%
Hemorrhage or excessive bleeding 4 11.76% 3 7.50%
Blood transfusion 1 2.94% 3 7.50%
Uterine infection 4 11.76% 3 7.50%
Blood clot in the legs of lungs requiring treatment with blood 0 0.00% 1 2 50%
thinning medications
Mechanical Ventilation 1 2.94% 0 0.00%
Pneumonia 1 2.94% 2 5.00%
Fetal Growth Restriction 0 0.00% 0 0.00%
Congenital Anomalies 1 3% 1 3%
Before
COVID-19 1 100% 0 0%
Diagnosis
After COVID-19
Diagnosis 0 0% 1 100%
Abdomen 0 0% 1 100%
Category of Congenital Anomaly Brain 0 0% 0 0%
Face or lip 0 0% 0 0%
Cardiac 1 100% 0 0%
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Table 3. Cont.

Symptoms Absent ~ Symptoms Present
(n) (%) (n) (%)
2nd 1 100% 0 0%
Trimester anomaly was observed 3rd 0 0% 0 0%
At birth 0 0% 1 100%
Number of multiple gestations AFTER pregnancy during COVID-19 0 0.00% 0 0.00%
Number of participants currently pregnant 1 2.78% 6 15.00%
Neonatal Outcomes
Neonatal Intensive Care Unit (NICU) admittance 11 34.38% 13 32.50%
Non-Survival at discharge 6 18.75% 1 2.50%
Non-Survival post-partum 1 3.85% 3 7.69%
Average Birth Weight (for those born between 37 and 41 weeks 6.0 1bs 7.6 oz 58 1bs 6.2 oz
of gestation)
Average Birth Weight (for all live births) 61bs 7.6 oz 5.8 Ibs 6.0 oz
1.00
O Symptoms Absent
0.90 ymp
0.80 m Symptoms Present
(2]
g0.70
S
£0.60 RIPASC Zero 2023
s | |
puet PASC Indeterminate 2023
£20.40
g
50.30
*0.20 m PASC Zero 2024
0.10 B PASC Indeterminate 2024
0.00

Cesarean Delivery

Figure 5. Observed Proportions of Cesarean Delivery. For each subgroup, the observed proportions of

participants who underwent cesarean delivery are reported. Corresponding 95% confidence intervals

are shown to convey the precision of the estimates. The order of the chart legend entries (listed

vertically) corresponds to the order of data categories shown in the graph (left to right).

3.4.2. Outcomes Based on PASC Score Classification

The most frequently prescribed medication during acute SARS-CoV-2 infections for the
2023 and 2024 PASC Zero subcohorts were antithrombolytics (63% and 55%, respectively).
Antivirals were the most prescribed medication for the 2023 and 2024 PASC Indeterminate

subcohorts (50% and 67%, respectively) (Figure 4). Different adverse outcomes were

documented in greater rates for each of the subcohorts, without a specific trend observed

(Table 4 and Figure 5).

207



J. Clin. Med. 2025, 14, 7869

Table 4. Characteristics and Outcomes Associated with Pregnancy Based on PASC Score Category.

PASC 2023 = 0 PASC Inzc})ezt;rminate PASC 2024 = 0 PASC Inzt%)eztélerminate
(n) (%) (n) (%) (n) (%) (n) (%)
133 89% 15 10% 126 85% 22 15%
General Characteristics of Concurrent COVID-19 and Pregnancy
1 17 12.78% 0 0.00% 15 11.90% 2 9.090%
Number of times pregnancy is 2 33 24.81% 4 26.67% 30 23.81% 7 31.82%
i fﬁi‘éﬁeniiiﬁ :f/lielz:gfn;es il;lri 3 22 16.54% 3 20% 19 15.08% 6 27.27%
previous prognancies, live burths, 4 27 20.30% 2 1833% 27 2143% 3 13.64%
miscarriages, stillbirths or abortions) 5 13 9.77% 3 20% 13 10.32% 3 13.64%
>5 21 15.79% 3 20% 23 1825% 1 4.55%
Number of multg’iiiiegsgg‘\’/?%?gFORE pregnancy 1 0.86% 1 667% 1 0.89%% 1 5.00%
Prior Vaginal Birth 57 49.14% 5 33.33% 57 50.89% 5 25.00%
Adverse Outcomes of Prior Pregnancies
1 29 25.00% 2 13.33% 29 25.89% 2 10.00%
Miscarriages 2 5 4.31% 1 6.67% 4.46% 1 5.00%
3 6 5.17% 1 6.67% 6.25% 0 0.00%
Still Birth 1 0.86% 1 6.67% 4.46% 1 5.00%
HELLP 0 0.00% 1 6.67% 0.00% 1 5.00%
Cesarean Section (CS) Delivery 41 35.34% 5 33.33% 38 33.93% 8 40.00%
Gestational Diabetes 5 4.31% 3 20.00% 5 4.46% 3 15.00%
Gestational Hypertension 12 10.34% 3 20.00% 11 9.82% 4 20.00%
Preeclampsia 16 13.79% 2 13.33% 16 14.29% 2 10.00%
Fetal Growth Restriction 3 2.59% 0 0.00% 3 2.68% 0 0.00%
Preterm birth 13 11.21% 3 20.00% 37 33.04% 2 10.00%
COVID-19 Experience
Stage at which acute COVID-19 Pregnant 89 66.92% 12 80% 82 65.08% 19 86.36%
was diagnosed In labor/at 4 33.08% 3 20% 44 34.92% 3 13.64%
e 1very
Treated for acute COVID-19 41 30.83% 6 40% 40 31.75 6 27.27
P:;‘I‘Ifggerrglfg}d 6 14.63% 1 1667% 7 17.50% 0 0.00%
Antivirals 13 31.71% 3 50.00% 8 20.00% 4 66.67%
Steroids 7 17.07% 2 33.33% 7 17.5% 2 33.33%
Acute COVID-19 treatment given - -
Antithrombolytics 26 63.41% 2 33.33% 22 55.00% 2 33.33%
Antibiotics 3 7.32% 0 0.00% 3 7.50% 0 0.00%
Mﬁ‘i’g})‘g;al 7 17.07% 1 16.67% 7 17.5% 1 16.67%
Not documented treatment for acute COVID-19 92 69.17% 9 60.00% 81 64.29% 16 72.73%
Asymptomatic 30 32.61% 1 11.11% 25 30.86% 4 25.00%
Pocumented reasons for lack of acute b jent declined 7 7.61% 3 3B3B% 6 741% 3 18.75%
Mild Symptoms 10 10.87% 0 0.00% 11.11% 1 6.25%
Patient hospitalized and/ \% ]%ixllgn oxygen due to acute 4 3.00% 1 6.67% 4 3.17% 1 455%
Pregnancy Outcomes
Number of multlgfrig;’gtég‘a%?gmm pregnancy 6 451% 1 667% 5  397% 2 9.09%
Live Birth 126 95% 15 100.00% 118 94.00% 21 95.45%
Number of babies 1 121 96.03% 14 93.33% 114 96.61% 20 95.24%
2 5 3.97% 1 6.67% 5 4.24% 1 4.76%
Sex distribution of neonate M 64 51.00% 10 66.67% 61 50.41% 13 59.09%
F 62 49.00% 33.33% 60 49.59% 9 40.91%
Miscarriage 0 0.00% 0.00% 0.00% 0 0.00%
Still Birth 3 2.26% 0.00% 2.38% 0 0.00%
Preterm birth 39 29.32% 13.33% 37 29.37% 4 8.18%
CS Delivery 58 46.03% 10 66.67% 55 46.61% 13 61.90%
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Table 4. Cont.

PASC 2023 = 0 PASC Inzc})ezt;rminate PASC 2024 = 0 PASC Inzt%)eztélerminate
(n) (%) (n) (%) (n) (%) (n) (%)
Planned cesarean
gfegr’fg’czi;i;‘asi 25 43.10% 4 4000% 22 40.00% 7 53.85%
delivery
Abnormal 13 2241% 1 1000% 13 23.64% 1 7.69%
progress in labor
Concern about
baby based on the 12 20.69% 3 30.00% 12 21.82% 3 23.08%
Reason for CS Delivery heart monitor
Baby was breech 3 5.17% 1 10.00% 5.45% 1 7.69%
Uterine infection 10 17.24% 2 20.00% 12.73% 3 23.08%
Emergency due to
risk to baby 10 17.24% 0 0.00% 10 18.18% 0 0.00%
or participant
Patient too sick
with COVID-19 to 1 1.72% 0 0.00% 1 1.82% 0 0.00%
be in labor
Other reason(s) 6 10.34% 0 0.00% 6 10.91% 0 0.00%
Forceps or Vacuum-assisted delivery 9 7.14% 2 13.33% 7 5.93% 4 19.05%
Gestational diabetes 15 11.28% 2 13.33% 15 11.90% 2 9.09%
Gestational hypertension 15 11.28% 2 13.33% 15 11.90% 2 9.09%
Preeclampsia 29 21.80% 1 6.67% 27 21.43% 3 13.64%
HELLP syndrome 2 1.50% 1 6.67% 2 1.59% 1 4.55%
Seizures 1 0.75% 0 0.00% 0.79% 0 0.00%
Placenta abruption 5 3.76% 0 0.00% 5 3.97% 0 0.00%
Preterm premature rupture of membranes 14 10.53% 1 6.67% 13 10.32% 2 9.09%
Oligohydramnios 2 1.50% 1 6.67% 3 2.38% 0 0.00%
Hemorrhage or excessive bleeding 12 9.30% 1 6.67% 11 9.17% 2 9.52%
Blood transfusion 4 3.10% 1 6.67% 2 1.67% 3 14.29%
Blood clot in the legs Qf lqngs reqt.lirir'lg treatment with blood 1 0.78% 0 0.00% 1 0.83% 0 0.00%
thinning medications
Mechanical Ventilation 1 0.78% 0 0.00% 1 0.83% 1 4.76%
Pneumonia 2 1.55% 1 6.67% 1 0.83% 2 9.52%
Fetal Growth Restriction 0 0.00% 0 0.00% 0 0.00% 0 0.00%
Congenital Anomalies 8 6.02% 0 0.00% 7 5.56% 1 4.55%
Before COVID-19 diagnosis 7 87.50% 0 0.00% 6 85.71% 1 100%
After COVID-19 Diagnosis 1 12.50% 0 0.00% 1 14.29% 0 0%
Abdomen 1 12.50% 0 0.00% 1 14.29% 0 0%
Brain 1 12.50% 0 0.00% 1 14.29% 0 0%
Category of Congenital Anomaly Face or lip 1 12.50% 0 0.00% 1 14.29% 0 0%
Cardiac 5 62.50% 0 0.00% 3 42.86% 1 100%
Lungs 1 12.50% 0 0.00% 1 14.29% 0 0%
Limbs 1 12.50% 0 0.00% 1 14.29% 0 0%
2nd 5 62.50% 0 0.00% 4 57.14% 1 100%
Trimester anomaly was observed 3rd 0 0% 0 0.00% 0 0% 0 0%
At birth 1 12.50% 0 0.00% 1 14.29% 0 0%
Number of multiple ges(t:egi\c;?sngTER pregnancy during 1 0.75% 0 0.00% 1 0.79% 0 0.00%
Number of participants currently pregnant 5 3.76% 4 26.67% 6 4.76% 3 13.64%
Neonatal Outcomes
Neonatal Intensive Care Unit (NICU) admittance 37 29.37% 5 33.33% 36 30.51% 6 28.57%
Non-Survival at discharge 12 9.52% 0 0.00% 11 9.32% 1 4.76%
Non-Survival post-partum 4 3.51% 13.33% 4 3.74% 2 9.52%
Average Birth Weight (for those bgrn between 37 and 41 weeks 591b8.2 oz 6.2 1bs 5.4 0z 581bs 8.2 oz 581bs 8.2 oz
of gestation)
Average Birth Weight (for all live births) 5.81bs 8.9 oz 591bs 6.1 oz 591bs 7.6 oz 5.71bs 7.3 oz

209



J. Clin. Med. 2025, 14, 7869

4. Discussion and Conclusions

This descriptive retrospective cohort study examined the experiences of individuals
diagnosed with acute COVID-19 during pregnancy, as documented in electronic health
records, to advance understanding of Long COVID phenotypes in vulnerable populations.
Using a manual EHR review approach encompassing clinical encounters up to one year
prior to and following acute COVID-19 diagnosis, the EHRs of 149 participants that were
randomly selected from an at-risk patient list at a single healthcare network serving the
tri-state region of Ohio, Kentucky, and Indiana were evaluated. Participants were classified
into subcohorts based on the persistence of symptoms associated with Long COVID or an
adaptation of the published PASC scoring models; these two different cohort classifications
were applied to reduce the risk of bias introduced by using a single classification system
for a condition in an understudied population. Data was analyzed for trends related to
symptom documentation and pregnancy-related outcomes to provide additional insight
and an expanded scope of understanding of the complications that may occur following an
acute SARS-CoV-2 infection in a pregnant individual.

A key strength of our study was the demographic diversity of the patient population.
Unlike many previously published reports, our study cohort is predominantly made
up of individuals who identify as Black and/or Latina. As such, it offers a perspective
that is representative of the most vulnerable patient populations within the context of
unacceptably high maternal morbidity and mortality rates in the United States, accounted
for by racialized pregnant individuals intersecting with the disproportionate morbidity
and mortality from COVID-19 reported in several racialized groups [34,35].

The documentation of persistence of at least one of the 26 symptoms previously
associated with Long COVID was observed for 26.7% of the cohort. For a symptom to be
considered persistent, our study design required that it be present at both 30 days or more
following the acute COVID-19 and remain documented at the final encounter in the study
period. This definition likely results in a conservative measure for evaluating Long COVID
symptomology given the risk of both variability in symptom presentation throughout
time [3], as well as bias introduced by the limitation of using symptoms documented in
the EHR alone. An additional 6% of the cohort were classified as Symptoms Resolved
in our study because their symptom(s) were no longer documented at the time of the
final encounter. Despite the conservative nature of our estimate, however, our observed
rate is higher than that reported in other reports [14,15]. This may be due to a resolution
of symptoms after the 30-day time point as the other studies reported at three months
or longer following a COVID-19 diagnosis in pregnancy. In contrast, other studies have
reported a higher rate of up to 35% of Long COVID during pregnancy [14,15,30,31].

In our subcohort of participants experiencing persistent symptoms following acute in-
fection, the majority of participants (78%) in the Symptoms Present subcohort had only one
persisting symptom. The most frequent symptoms documented in our Symptoms Present
and PASC Indeterminate subcohorts mirrored the predominant symptoms seen in adult
sufferers of Long COVID, including pain and psychological symptoms [4]. Relying on EHR
documentation alone, the nuances of the pain and psychological symptoms experienced
are unclear. It may be interpreted as manifestation caused by the pathophysiology of Long
COVID itself, or may be a reflection of the harm and the reduction in the quality of life
experienced by patients who are seeking adequate care in the context of an emerging and
poorly understood chronic disease [36-38]. Further study is required to gain additional
qualitative insight directly from patients themselves, which would provide the necessary
context for the interpretation of this finding.

The symptoms least documented in the EHR included skin color change and difficulty
getting pregnant, the latter of which is explained by the fact that the study cohort was
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pregnant or post-partum. Skin color change may not be as apparent in individuals that are
highly melanated and, thus, is perhaps a less informative symptom for the diagnosis of
Long COVID in a non-White patient population. Surprisingly, one infrequently reported
symptom was a loss or change in one’s sense of taste or smell. The loss of these two senses
is a distinct symptom of acute COVID-19 and the second highest scored symptom within
the PASC determination score [4,33]. Pregnancy itself has been known to come with a
change in one’s sense of taste and smell [39], however, and this may have had an impact on
either patient reporting or provider documentation of this symptom within the EHR.

The most notable trends between subcohorts were related to treatment patterns for
acute COVID-19, vaccine status, and cesarean delivery rates. Participants in the Symptoms
Absent subcohort had less frequently received treatment for their SARS-CoV-2 infections
compared to those in the Symptoms Present group. Additionally, a higher proportion of
participants in either the Symptoms Present, Symptoms Resolved, or PASC Indeterminate
subcohorts had either declined SARS-CoV-2 vaccination or had received their vaccine fol-
lowing their COVID-19 diagnosis during pregnancy compared to the Long COVID Absent
or PASC Zero cohorts. This finding suggests a connection between vaccination status and
persistence of symptoms following acute infection in pregnant individuals. Although no
inferential statistical analyses were performed in this descriptive study, including adjust-
ments for potential confounders such as comorbidities or access to care, this observation is
consistent with previous reports in the literature that support vaccination as an effective
approach for reducing the risk of Long COVID [40]. Finally, overall, cesarean deliveries
were unusually high in our cohort compared to national rates [41]. It is well-documented,
however, that pregnant individuals of color tend to have higher rates of cesarean delivery
in the United States compared to White individuals, which is a disparity that is not only
a significant public health concern but also may introduce a confounding variable when
evaluating the impact of Long COVID on labor and delivery outcomes in our cohort [41].
Furthermore, there are known adverse outcomes attributed to cesarean delivery, which
can further confound our analysis due to the high rates observed in all cohorts, even those
without persistent symptoms.

Long COVID in pregnancy is still relatively understudied. At the time of submission,
this is only one of a few publications on the persistence of symptoms following acute
COVID-19 during pregnancy in the United States. As such, the reported work provides
important contributions to our understanding of human health, particularly because of
a number of strengths in our approach. First, rather than relying on diagnosis codes or
insurance claims data to identify participants, we manually reviewed EHR data, including
unstructured clinical notes, to classify participants. Due to the risk of underdiagnosis or
misdiagnosis of Long COVID as an emerging condition over the past five years, reliance on
diagnosis codes or claims data alone would likely misidentify or fail to capture potentially
undiagnosed but symptomatic Long COVID cases [11]. Of note, only 2 of the 149 patients in
our cohort had any documentation of a Long COVID diagnosis in their EHR. Additionally,
for further thoroughness, our manual review included analysis of symptoms up to a year
before the diagnosis of COVID-19 during pregnancy and persistence of symptoms as early
as three weeks following an acute SARS-CoV-2 infection. These windows of time provided
us with the broadest approach to identifying symptoms that may have been present before
the concurrent conditions of pregnancy and acute COVID-19, as well as allowed for a more
inclusive dataset regarding persistence of symptoms.

To our knowledge, this is the first study to apply the previously published PASC
scoring algorithm to an independent dataset, specifically within a pregnant population.
As such, this cohort study provides important proof-of-principle evidence related to the
feasibility and potential implications of such application. To date, there have been two
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versions of a PASC scoring algorithm published [4,33]. There have been other studies
utilizing these algorithms, but they have all been within the NIH RECOVER team or do
not include a pregnant population [4,18,33,42]. A limitation with the application of the
scoring algorithm based on evaluation of health records alone was the inability to score
certain topics that may not routinely be discussed or documented in the EHR. This included
documentation regarding sexual desire, abortion, and fertility. Other symptoms might
not be documented due to the area of specialty such as teeth loss. Another concern is
temporality, as participants varied in the frequency of their encounters with clinicians
within the healthcare system.

Limitations of our study overall include those that are well-established as being
associated with any study that utilizes a retrospective EHR review [43]. EHR docu-
mentation does not reflect the entirety of a patient’s health experience, particularly
as the documentation is conducted by a clinician and thus, includes predominantly
clinician-observed outcomes, as opposed to direct patient reported outcomes or ex-
periences. There is also a likelihood of observer bias in the reporting of the patient’s
experience. Additionally, data in EHRs does not always reflect the real time experi-
ences of the patient, in that patients do not necessarily interact with their healthcare
provider every time they have a health-related incident. Underserved patient popula-
tions who have reduced healthcare access and fewer encounters with clinicians may
also have less EHR documentation. As our study cohort is predominantly made up of
individuals who may fall within these underserved patient populations, this bias may
influence our ability to fully capture the lived experience of this cohort and this is an
inherent limitation to retrospective EHR review. Further work to authentically capture
and describe the lived experience of pregnant individuals who are at risk for Long
COVID, particularly those from underserved communities, is critical to build upon
the foundation of our descriptive study reported here. Given the limited awareness
of Long COVID in many vulnerable patient populations, evaluating the Long COVID
experience in pregnant individuals from their direct report has the additional benefit
of increased community awareness, which can ultimately contribute to a reduction in
stigma, an increase in healthcare seeking behaviors, and combat underdiagnosis [44,45].
Additionally, expanding this work to other sites and including additional variables such
as socioeconomic data is critical to enhancing the generalizability of these findings. Our
study contributes to a foundation upon which these future studies can build, however,
by providing a description of the documented health experience for a predominantly
non-White cohort of individuals who were diagnosed with an acute SARS-CoV-2 during
pregnancy. The trends observed in potential risk factors and health outcomes based on
presence or absence of Long COVID symptoms serve to inform future clinical studies
and qualitative research designed to further delve into the nuances of Long COVID in
vulnerable patient populations.
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