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ABSTRACT

Objective: After clinical recovery from the SARS-CoV-2 infection, many issues about the long-term effects of the SARS-CoV-2 infection on the body are still to
be clarified. The aim of this study is to investigate the obstetric and neonatal outcomes of patients who recovered from SARS-CoV-2 infection during pregnancy.

Materials and Methods: This retrospective cohort study was conducted in a single tertiary hospital with separate SARS-CoV-2 infection (+) and (-) units. Each
parameter of 532 confirmed SARS-CoV-2 infected pregnant patients who recovered from the disease and subsequently delivered, and 532 controls between
March 2020 and December 2021 were compared. Results were also analyzed according to the trimesters in which SARS-CoV-2 infections were diagnosed.

Results: Mean gestational age at delivery was found to be lower and preterm birth rates were found to be higher significantly in patients who recovered from
SARS-CoV-2 during pregnancy compared to those of the controls (p=0.05). Rates of congenital anomalies, in utero fetal demise and comorbidities were not
statistically different except for asthma and preeclampsia. APGAR scores and neonatal intensive care unit admission were not significantly different (p>0.05).
The clinical severity, lung ultrasound scores, the requirement for oxygen support, and admission rates to the intensive care unit were observed to progressively
rise as the pregnancy advanced during the onset of the disease.

Conclusion: The patients who recovered from SARS-CoV-2 infection during pregnancy are at higher risk of preterm delivery and preeclampsia. These effects
are not related to the clinical severity of the infection. Risks of SGA and congenital anomalies are not increased.
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INTRODUCTION SARS-CoV-2 infection has a broad-spectrum clinical picture
from asymptomatic to severe systemic disease. The lungs,

SARS-CoV-2 infection was accepted as pandemic by the . - ;
liver, hematopoietic, and cardiovascular systems are the

World Health Or.ganlzatlf)n (WHQ) on MérCh 11,2020 and al- most commonly affected organs and have also been associ-
though has lost its severity continues to infect people world- ated with increased rates of anxiety and depression in preg-

wide.! It has been reported that close to 774 million people nant women.2¥ Moreover, the severity of systemic disease
in the world have been infected with SARS-CoV-2 since the  may not necessarily coincide with the clinical signs; and little

beginning of the pandemics.”? is known about the effects of the infection on fetus.B>8
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After clinical recovery from the SARS-CoV-2 infection, many
issues about the long-term effects of the SARS-CoV-2 infec-
tion on the body are still to be clarified. Further studies on
the changes in immunity, blood coagulability, cardiovascular
system and ongoing pregnancy might be needed.

There has been no universally agreed algorithm on clini-
cal management of SARS-CoV-2 infection in pregnancy and
hence the data about those remains very heterogeneous
by means of treatment and timing of the delivery.®! In our
clinic, the same team managed these patients according to
both severity of the disease and the gestational week at the
time of diagnosis. The primary goal was the continuation of
the pregnancy during the infection until recovery or unless
otherwise delivery is indicated. Premature delivery was only
considered in the cases of severe uncompensated disease to
relieve the burden of fetus or fetal distress or demise. This
mode of management allowed us to observe SARS-CoV-2
infection patients in all trimesters of pregnancy and to com-
pare the results with their age-matched controls.

In this study, it was aimed to investigate the obstetric and
neonatal outcomes of patients recovered from SARS-CoV-2
infection during pregnancy.

MATERIALS and METHODS

This retrospective case control study was conducted in a
tertiary hospital with separate SARS-CoV-2 infection (+) and
(-) units. The study was approved by the Sancaktepe Sehit
Prof. Dr. iLhan Varank Training and Research Hospital Ethics
Committee (No: E-46059653-020, Date: 16.02.2022) and the
Ministry of Health COVID-19 Scientific Research Evaluation
Commission and the study protocol adhered to the principles
outlined in the Declaration of Helsinki.

Five hundred and thirty-two SARS-CoV-2 infection (+) preg-
nant patients who recovered from the disease and subse-
quently delivered at our hospital between March 2020 and
December 2021 were included in the study. Women delivered
within the 14-days isolation period after recovery were ex-
cluded. The diagnoses of SARS-CoV-2 infection based on
reverse transcription polymerase chain reaction (PCR) test-
ing of nasopharyngeal swabs and their gestational weeks at
testing were recorded. For each vaginal or cesarean birth of
patients in the study group, the first consecutive vaginal or
cesarean birth at the same age (+2 years) with no history of
SARS-CoV-2 infection was selected for the control group. By
this way, it was aimed to overcome the possible effect of the
mode of delivery on the neonatal outcome of the patients.
None of the patients in study and the control groups were
vaccinated against SARS-CoV-2 virus.

The data on demographics and clinical characteristics of
mothers, obstetric outcomes, and neonatal outcomes were
collected retrospectively.

The clinical severity of SARS-CoV-2 infection was classified
according to the WHO.B! Lung ultrasound was performed
on all patients during SARS-CoV-2 infection and the scores
were recorded as described by Soldati et al.”?

Pregnant women with 6 to 13+6 weeks of gestation were
defined as 1% trimester, those with 14 to 27+6 weeks as 2"
trimester, and those above 28 weeks as 3™ trimester. Birth
weights below 3 and 10™ percentiles were accepted as small
for gestational age (SGA) separately.

In the first 12 hours after birth, all neonates of the study
group were tested for SARS-CoV-2 infection using a naso-
pharyngeal swab reverse transcription PCR as a local pro-
tocol. They were also monitored for SARS-CoV-2 infection
symptoms during their hospital stay.

The primary outcome measure was the effects of SARS-
CoV-2 infection during pregnancy on long-term pregnancy
outcomes. Secondary outcome measure was the pregnancy
outcomes with respect to the trimesters that SARS-CoV-2 in-
fection was diagnosed.

Statistical Analysis

Data were analyzed with SPSS Statistics version 22.0 (IBM
Corporation, Armonk, NY) software. Shapiro-Wilk test, skew-
ness, and kurtosis values were used to verify the data's as-
sumed normality. Descriptive statistics were given as mean+-
standard deviation, median (interquartile range) according
to normality assumption for continuous variables. Categor-
ical variables were analyzed with Pearson Chi-Square and
Fischer's Exact test where appropriate and continuous vari-
ables were analyzed with T-test, Mann-Whitney U and ANO-
VA tests in accordance with the normality assumption. p val-
ue <0.05 was considered as statistically significant.

RESULTS

Demographics and clinical data of the patients in the SARS-
CoV-2 infection and the control groups were given in Table
1 and Table 2. Two patients had history of malignancy. One
patient in the SARS-CoV-2 infection group had enucleation
of eye because of malignant melanoma and one patient in
the control group had gamma knife excision of vestibular
schwannoma. Hypothyroidism was found in 44 (8.3%) pa-
tients in SARS-CoV-2 group and 31 (5.9 %) in the control
group and all 75 patients were on thyroid replacement and
euthyroid during the study.
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Table 1. Demographic and clinical characteristics of the groups

SARS-CoV-2 No infection p
(n=532) (n=532)
n % n %
Age (year) 28.60+5.36 28.65+5.33 0.876
BMI (kg/m?) 26.12+3.63 26.30+4.10 0.434
Parity (median) 1(2) 1(1) 0.519
Comorbidity 114 21.4 98 18.4 0.218
Preeclampsia? 23 43 3 0.6 <0.001%
Hypothyrodism 44 8.3 31 5.9 0.081
Hyperthyroidism - - 1 0.2 0.498
Asthma 20 3.8 8 15 0.032*
Pregestational diabetes 5 0.9 3 0.6 0.486
Gestational diabetes 16 3.0 21 3.9 0.386
HBsAg positivity 7 14 13 25 0.184
Chronic hypertension 5 0.9 4 0.8 0.751
Rheumatoid diseases™ 5 0.9 4 0.8 0.751
History of cancer 1 0.2 1 0.2 0.995
Epilepsy - - 3 0.6 0.081
Mode of birth
Cesarean section 297 55.8 297 55.8
Vaginal birth 235 44.2 235 44.2
Type of anesthesia for cesarean section <0.001*
General anesthesia 166 55.8 211 71.2
Regional anesthesia 131 44.2 86 28.8

Continuous variables are showed as mean+standard deviation or median depending on distribution characteristics. Binary variables are showed as count. *: Rheumatoid
diseases: Sjogren's syndrome, rheumatoid arthritis, Behcet's disease, Familial Mediterranean Fever (FMF). a: Odds ratio: 7.893, (95% confidence interval:2.355-26.449).
When the pregnant women with history of preeclampsia were excluded from the analysis, still there was a significant difference between groups with regard to
preeclampsia as an indication of birth (p=0.018). BMI: Body mass index; HBsAg: Hepatitis B surface antigen

Demographic and clinical characteristics and obstetric out-
comes of the pregnant women who had SARS-CoV-2 infec-
tion with respect to trimesters were summarized in Table 3
and Table 4. The mode of birth and type of anesthesia are
presented in Table 5. All neonates of these mothers were
PCR (-) for SARS-CoV-2. Of 532 SARS-CoV-2 infected pa-
tients, 75 (14.1%) were in 1%t trimester, 239 were (44.9%) in 2"
trimester and 218 (41%) were in 3 trimester of their preg-
nancy. Preeclampsia and preterm birth cases according to
the clinical severity and the lung ultrasound scores (LUS) of
the SARS-CoV-2 infection were given at Table 6.

Indications of birth of the all three trimester groups of pa-
tients recovered from SARS-CoV-2 infection were sponta-
neous uterine contractions in 44 (58.6%), previous cesarean
section in 11 (14.7%), preeclampsia in 6 (8%), oligohydram-
nios in 2 (2.7%) and post term pregnancy in 2 (2.7%) in the
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first trimester group; spontaneous uterine contractions in
130 (54.4%), previous cesarean section in 49 (20.5%), oligo-
hydramnios in 10 (4.2%), preeclampsia in 9 (3.8%), macroso-
mia in 5 (2.1%), and post term pregnancy in 4 (1.7%) in the
second trimester group; third trimester due to spontaneous
uterine contractions in 120 (55%), previous cesarean section
in 42 (19.3%), oligohydramnios in 8 (3.7%), preeclampsia in
8 (3.7%), macrosomia in 2 (0.9%), post term pregnancy in
3 (1.4%) and maternal health issues in 3 (1.4%) in the third
trimester group. No difference was found between all three
trimester groups by means of indications of birth (p=0.486).

In the SARS-CoV-2 group, there was one neonatal death who
was 26 weeks preterm and lost due to prematurity, and there
was an in utero fetal death of a preeclamptic mother that
occurred after the acute SARS-CoV-2 infection. There was no
fetal or neonatal loss in the controls. Both in utero death
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Table 2. Fetal parametres and neonatal outcomes

Fetal parametres and neonatal outcomes SARS-CoV-2 No infection p
(n=532) (n=532)
n % n %
Fetal birth weight (gr) 3223.33+514.50 3304+504.97 0.010*
Gestational age at delivery (weeks) 38.62+1.95 39.01+1.49 <0.001*
Preterm birth 73 13.7 37 6.9 0.002*
Early preterm birth (<34 weeks)® 9 2.3 1 0.2 0.012*
Late preterm birth (34-37 week)® 64 12 36 6.8 0.004*
Small for gestational age <%10 77 14.5 90 16.9 0311
Small for gestational age <%3 18 3.4 27 5.1 0.337
APGAR 5™ Minute <7 6 11 7 13 0.767
NICU admission 75 14.1 91 171 0.183
Neonatal complications 76 14.3 92 17.3 0.183
Prematurity 29 5.5 1 0.2 <0.001%
Transient tachypnea of the newborn 23 43 26 4.9 0.636
Hyperbilirubinemia 22 4.1 53 9.9 <0.001*
Sepsis 1 0.2 5 0.9 0.099
Congenital anomaly 1 0.2 4 0.8 0.175
Inability to establish feeding - - 3 0.6 0.081
Neonatal mortality 1 0.2 - - 0.498
In utero fetal death 1 0.2 - - 0.498

Continuous variables are showed as meanzstandard deviation or median depending on distribution characteristics. Binary variables are showed as count.
* Statistically significant. ®: Odds ratio: 2.306, (95% confidence interval: 1.497-3.551) for all preterm births. APGAR: Aktivity, Pulse, Grimace, Appearance, Respiration;

NICU: Neonatal intensive care unit.

and neonatal death cases were infected in their first trimes-
ter of pregnancy. Five neonates had congenital anomalies:
one (hypospadias) in the SARS-CoV-2 group and four (one
hypospadias, one patent ductus arteriosus, one anal atresia
and one sacral dimple) in the controls (Table 2).

DISCUSSION

In this study, in order to investigate the long-term effects of
SARS-CoV-2 infection during pregnancy on obstetrics and
neonatal outcomes, unvaccinated patients who had not
aborted or delivered during the infection or in their isola-
tion period (14 days) were investigated. Mean gestational
age at delivery was found to be lower and preterm birth
rates were found to be significantly higher in patients re-
covered from SARS-CoV-2 during pregnancy compared to
those of the controls. These rates did not differ in respect
to which trimester the patients infected with SARS-CoV-2.
Moreover, comparison of the trimesters revealed that in-
fection in the 1%t trimester results a modest but significant
lesser birth weight than those of 2" and 3™ trimesters (Ta-

ble 2). On the other hand, SGA rates were not found to dif-
fer between SARS-CoV-2 recovered patients and the con-
trols significantly which suggests that the observed lesser
birth weights might be a result of increased rate of preterm
birth of the SARS-CoV-2 recovered patients (Table 2). Co-
morbidities of the SARS-CoV-2 recovered and the control
groups were not statistically different except for asthma
and preeclampsia (Table 1).

In neonatal outcome, no difference was found between the
groups by means of APGAR scores, neonatal intensive care
unit admission, transient tachypnea of the newborn, sep-
sis and congenital anomalies. Hyperbilirubinemia rate was
found to be lower in the SARS-CoV-2 group. On the other
hand, in the SARS-CoV-2 group, there was one neonatal
death who was 26 weeks preterm and lost due to prematu-
rity; and there was an in utero fetal death of a preeclamptic
mother that occurred after the acute SARS-CoV-2 infection.
There was no fetal or neonatal loss in the controls. Both in
utero death and neonatal death cases were infected in their
first trimester of pregnancy (Table 2).
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Table 3. Demographic and clinical characteristics of patients recovered from SARS-CoV-2 infection in ongoing pregnancy

according to trimesters of pregnancy according to the time of (+) PCR test

1t trimester 2" trimester 3 trimester p
(n=75) (n=239) (n=218)
n % n % n %

Age (years) 27.65+4.9 28.8+5.4 28.71+5.36 0.253
BMI (kg/m?) 25.46+3 26.13+3.32 26.33+4.11 0.202
Parity 1(2) 1(2) 0523
Gestational age at birth 37.92+2.61 38.3+2 38.47+1.59 0.103
Preeclampsia® 6 8.0 9 3.8 8 37 0.240
Other Comorbidities 11 14.7 52 217 51 235 0.273
Maternal hospitalization 45 60 187 779 167 77 0.005*
Clinical severity of SARS CoV-2 <0.001*

Asymptomatic-mild 65 86.7 139 58.2 134 61.5

Moderate 9 12 77 321 61 28.1

Severe-critical 13 23 9.6 23 10.6
Lung ultrasound scores <0.001*

0-1 60 80 116 485 115 52.7

2 14 18.7 94 39.3 85 39

3 1 13 29 121 18 8.2
ICU admission - - 3 13 1 0.5 0.447
Need for oxygen support during SARS CoV-2 infection
with nasal cannula - - 27 11.3 28 12.9 0.006*

Noninvasive mechanical ventilation - - 5 2.1 4 1.8 0.463

Invasive mechanical ventilation - - - - 1 0.5 0.483
Preterm birth (total) 14 18.7 36 15.1 23 10.6 0.152
Preterm birth (34-37 weeks) 12 16.0 29 12.1 22 10.1 0.368
Preterm birth (<34 weeks) 2 2.7 7 2.9 1 0.5 0.131

Categorical variables were analyzed with Pearson Chi-Square test. Continuous variables are showed as mean+standard deviation or median depending on distribution
characteristics. Binary variables are showed as count. *: Statistically significant. BMI: Body mass index, ICU: Intensive care unit

Acute effects of SARS-CoV-2 infection have been investigated
worldwide and concluded that it worsens obstetric and neona-
tal outcomes. In addition, as the pregnancy advances the risk
gets even higher Like in the presence of comorbidities and preg-
nancy complications. Vaccination for SARS-CoV-2 infection is
critical for minimizing risks to maternal and neonatal health for
all variants of the virus.®®@ However, yet little is known to fully
elucidate the long-term effects of the infection on pregnancy.

In a study conducted by Anuk et al.,™ doppler velocimetry val-
ues of 30 SARS-CoV-2 recovered patients with no comorbidity
were compared with 40 healthy controls. Patients were PCR
(+) singleton pregnancies between 23 — 40 weeks and the in-
terval between the diagnosis of SARS-CoV-2 and doppler ex-
aminations were approximately three weeks. They found that
both pulsatility and resistance indices of both uterine and um-
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bilical arteries of SARS-CoV-2 recovered patients were higher
than those of the controls. On the other hand, no meaningful
result was found about middLle cerebral artery measurements.

In a large retrospective study conducted by Hughes et al.,*?
results of 17 hospitals were investigated. Four hundred and
two SARS-CoV-2 PCR (+) patients < 28 weeks pregnant at
the time of diagnosis and recovered from the disease while
pregnancy was ongoing were compared with 11705 controls.
They found that the rates of preterm birth and hypertensive
disorders of pregnancy were increased but no association
between SARS-CoV-2 and other comorbidities was found
including SGA. In the present study, preeclampsia rate was
observed as 4.3% and 0.6% in the SARS-CoV-2 recovered
patients during pregnancy and the controls respectively
(p<0.001). Comparison of the trimesters of SARS-CoV-2 in-
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Table 4. Indications of cesarean section

Indications of birth SARS-CoV-2 No infection p
(n=532) (n=532)
n % n %

Spontaneous labor 294 55.2 304 57.1 0.465
Previous uterine surgery 102 19.2 101 19 0.873
Fetal distress 39 73 40 75 0.882
Abnormal fetal presentation 35 6.6 26 4.9 0.251
Preeclampsia? 23 43 3 0.6 <0.001%
Oligohydramnios 20 3.8 12 2.3 0.159
Postterm pregnancy 9 17 21 4 0.025*
Macrosomia 7 13 16 3 0.055
Maternal health issues (Asthma, DM, HT) 3 0.6 8 15 0.126

2 0dds ratio: 7.893, (95% confidence interval: 2.355-26.449). When the pregnant women with history of preeclampsia were excluded from the analysis, still there was a
significant difference between groups with regard to preeclampsia as an indication of birth (p=0.018). *: Statistically significant. DM: Diabetes mellitus; HT: Hypertension

Table 5. Mode of birth and type of anesthesia

n % n % % P
Mode of delivery 0.298
Vaginal birth 37 49.3 110 46 40.4
Cesarean section 38 50.7 129 54 59.6
Types of anesthesia 0.061
General anesthesia 20 52.6 82 63.6 49.2
Regional anesthesia 18 474 47 36.4 50.8

Categorical variables were analyzed with Pearson Chi-Square test. Continuous variables are showed as meanzstandard deviation or median depending on distribution
characteristics. Binary variables are showed as count

Table 6. Preeclampsia and preterm birth according to the clinical severity and lung ultrasound

Clinical severity of SARS CoV-2

Asymptomatic- Moderate Severe Total p
mild
n % n % n % n %
Preeclampsia 17 5.0 5 3.4 1 2.1 23 43 0.533
Preterm birth 44 13.0 22 15.0 7 14.9 73 13.7 0.824
LUS
0-1 2 3 Total p
n % n % n % n %
Preeclampsia 13 45 8 41 2 4.2 23 43 0.984
Preterm birth 4] 14.1 26 13.5 6 125 73 13.7 0.949

Categorical variables were analyzed with Pearson Chi-Square test. Binary variables are showed as count. LUS: Lung ultrasound score
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fection patients revealed a modest increase in 1t trimester
(8.0%) compared to the 2™ (3.8%) and the 3™ trimesters
(3.7%) but did not reach the level of significance (p=0.240).

Studies on histopathological specimens suggest that SARS-
CoV-2 infection may involve the placenta and pathology of the
infection on placenta might persist after recovery. Boyraz et
al.”¥ examined placentas of 67 SARS-CoV-2 recovered deliv-
eries and compared with a control group of 126 previously
published cohort of placentas pathologically examined for
the sole indication of maternal group B streptococcal (GBS)
colonization. They found a higher prevalence of vascular
malformations in the SARS-CoV-2 recovered group compared
to controls. They also analyzed inflammatory, infectious and
other thrombotic findings but found no difference. As there
was no histopathologic finding about viral infection or placen-
titis in the SARS-CoV-2 recovered group, they concluded that
there was no persistent infection and SARS-CoV-2 infection
might have long lasting effects on placental perfusion.’ On
the other hand, viral infection of placenta is also considered
to cause syncytiotrophoblast stress resulting preeclampsia.t

Clinical severity, lung ultrasound scores, need for oxygen
support and intensive care unit admission rates of SARS-
CoV-2 infected patients were found to increase gradually as
the pregnancy advanced. These findings are consistent with
the literature.’> When cesarean section was indicated, re-
gional anesthesia seems to be more readily preferred in the
SARS-CoV-2 recovered patients compared to the controls.

Preeclampsia is a systemic inflammatory disease and its etiolo-
gy is not fully understood yet. Inflammatory mediators in blood
circulation and endothelial injury are thought to be responsible
for the end-organ damage and hence the clinical picture. This
might be aggravated by the increased concentration of cyto-
kines in blood circulation during SARS-CoV-2 infection. Events
during the placentation and syncytiotrophoblast stress are also
suggested to initiate the cascade resulting in preeclampsia.t

According to the results of this study, SARS-CoV-2 infection
during pregnancy is associated with increased risk of pre-
eclampsia (Table 1). On the other hand, in respect to the
trimester at the onset of the infection, a higher rate of pre-
eclampsia was seen in the 1% trimester group compared to
the 2" and 3 trimesters [n1=6 (8.0%), n2=9 (3.8%) and n3=8
(3.7%), respectively] but did not reach the level of statistical
significance (p=0.240, Table 2). On the other hand, rate of
preeclampsia seems unrelated to the clinical severity of the
SARS-CoV-2 infection (Table 6).

The high rate of preeclampsia has been found as related with
the past SARS-CoV-2 infection in pregnancies in the present
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study; however, the mechanism of this finding remained un-
solved in this study and in the literature.® The exact mecha-
nism of preeclampsia might be enlightened by future studies
and the studies including the placentas of these patients and
controls might explain the process.

All the women were managed by the same team which al-
lowed a standard management of the patients and hence a ho-
mogenous data set to investigate. The data were not only ana-
lyzed according to the PCR positivity for SARS-CoV-2, but also
clinical severity and the trimesters in which the SARS-CoV-2
infection was diagnosed. The study was conducted before the
Omicron wave but analysis of all cases for the variants of the
SARS-CoV-2 was not carried out so, the effect(s) of the different
viral mutations (if any) remains unknown. Another limitation
of this study is the lack of a multivariable analysis of the data.

CONCLUSION

The findings from our study can still be utilized in future treat-
ment plans even though the pandemic has come to an end. The
patients who recovered from SARS-CoV-2 infection during preg-
nancy may be at higher risk of preterm delivery and preeclamp-
sia. These effects are not related to the clinical severity of the in-
fection. Risks of SGA or congenital anomalies are not increased.
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