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A B S T R A C T

Background: Pregnant women are more vulnerable to the severe effects of COVID-19 compared to their non-
pregnant peers. Early in the pandemic, there was a rise in cesarean deliveries and preterm births among
infected pregnant women. This study aims to evaluate whether there were any changes in obstetric interventions
during the first two waves of the pandemic in Belgium.
Methods: Between March 2020 and February 2021, the Belgian Obstetric Surveillance System (B.OSS) conducted
an extensive, nationwide population-based registry study, that included nearly all births to women with a
confirmed SARS-CoV-2 infection within six weeks before hospitalization in Belgium. The perinatal outcomes of
these women were analyzed and compared with pre-pandemic regional perinatal data.
Results: A total of 923 SARS-CoV-2 infected pregnant women were admitted to the hospital; 9.3 % were hospi-
talized for severe COVID-19, while the remaining were hospitalized for obstetric reasons. Infected women had a
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higher median BMI, a higher incidence of diabetes, and a greater proportion were overweight or obese compared
to the reference group (p < 0.001). While the majority of women gave birth vaginally, symptomatic women and
those with a severe infection had slightly higher rates of cesarean delivery, though not statistically significant
after adjusting for confounders. Only severely ill women had an increased risk of preterm delivery (aOR 2.3; 95
%CI [1.2–2.5]; p = 0.02) and of induced labor (OR 1.8; 95 %CI [1.1–2.8]; p = 0.01). The use of general anes-
thesia for cesarean delivery was more common in the infected group (OR 2.6; 95 %CI [1.6–4.1]; p < 0.001).
Conclusions: Obstetric interventions, such as cesarean delivery and induction, remained at pre-pandemic levels.
However, a SARS-CoV-2 infection appears to have increased medically induced preterm delivery and the use of
general anesthesia for cesarean delivery.

Nomenclature

COVID-19 Coronavirus Disease 19
SARS-COV-2 Severe Acute Respiratory Syndrome coronavirus-2
ICU intensive care unit
CS cesarean section; cesarean delivery
PTB preterm birth; preterm delivery
B.OSS Belgian Obstetric Surveillance System
INOSS International Obstetric Surveillance System
PCR polymerase chain reaction
BMI body mass index
REF reference group
SPE studiecentrum voor perinatale epidemiologie
CEpiP centre d’epidémiologie périnatale

GA gestational age
HIP hyperglycemia in pregnancy
CI confidence interval
INFECTED B.OSS cohort of SARS-CoV-2 infected pregnant women

who have been hospitalized
SEVERE pregnant women with SARS-CoV-2 infection hospitalized

for a severe infection
NON-SEVERE pregnant women with SARS-CoV-2 infection

hospitalized for an obstetric indication
aOR adjusted odds ratio
OR odds ratio
GenA general anesthesia
EUROCAT European platform on rare disease registration
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Antwerp, Belgium. Scharpé, K. Department of Obstetrics and Gynecology AZ St Blasius, Dendermonde, Belgium. Schockaert, C. Department of Obstetrics and Gy-
necology OLV ziekenhuis campus Asse, Belgium. Segers, A. Department of Obstetrics and Gynecology Dimpna ziekenhuis, Geel, Belgium. Serkei, E. Department of
Obstetrics and Gynecology St Rembertziekenhuis, Torhout, Belgium. Steenhaut, P. Department of Obstetrics and Gynecology, Cliniques Universitaires Saint-Luc,
Brussels, Belgium. Steylemans, A. Department of Obstetrics and Gynecology, ZNA Middelheim, Antwerp, Belgium. Thaler, B. Department of Obstetrics and Gyne-
cology St Vincentius, Deinze, Belgium. Van Dalen, W. Department of Obstetrics and Gynecology St Jozef Izegem, Izegem, Belgium. Van De Poel, E. Department of
Obstetrics and Gynecology AZ Monica, Deurne, Belgium. Van Deynse, E. Department of Obstetrics and Gynecology AZ West Veurne, Veurne, Belgium. Van Dijck, R.
Department of Obstetrics and Gynecology Heilig Hart, Leuven, Belgium. Van Holsbeke, C. Department of Obstetrics and Gynecology ZOL Genk, Genk, Belgium. Van
Hoorick, L. Department of Obstetrics and Gynecology AZ Rivierenland, Bornem, Belgium. Van Olmen, G. Department of Obstetrics and Gynecology AZ Diest, Diest,
Belgium. Vanballaer, P. Department of Obstetrics and Gynecology Heilig Hartziekenhuis Mol, Belgium. Vancalsteren, K. Department of Obstetrics and Gynecology UZ
Gasthuisberg, Leuven, Belgium. Vandeginste, S. Department of Obstetrics and Gynecology OLV ziekenhuis campus Aalst, Belgium. Vandepitte, S. Department of
Gynaecology – Obstetrics Centre Hospitalier de Mouscron, Belgium. Verbeken, K. Department of Obstetrics and Gynecology AZ Lokeren, Lokeren, Belgium. Vereecke,
A. Department of Obstetrics and Gynecology Maria Middelares, Ghent, Belgium. Verheecke, M. Department of Obstetrics and Gynecology AZ Turnhout, Turnhout,
Belgium. Watkins-Masters, L. Department of Obstetrics and Gynecology, Centre Hospitalier Régional Haute Senne – Le Tilleriau, Belgium. Wijckmans, V. Department
of Obstetrics and Gynecology UZ Brussel, Brussels, Belgium. Wuyts, K. Department of Obstetrics and Gynecology Heilig Hart ziekenhuis Lier, Lier, Belgium.

A. Vercoutere et al.



European Journal of Obstetrics & Gynecology and Reproductive Biology: X 23 (2024) 100328

3

1. Background

Pregnant women are more susceptible to severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) infection. Compared with their
age-matched nonpregnant counterparts, SARS-CoV-2-infected pregnant
women require more ventilatory support and are more likely to be
admitted to an intensive care unit (ICU) or die from the infection [1–8].
At the beginning of the pandemic, case series and case reports showed an
increase in cesarean sections (CS) and preterm births (PTB) among
pregnant women infected with SARS-CoV-2 [9]. More recent studies
have shown that CS and (medically-induced) PTB are more likely to be
associated with severe infections later in pregnancy. In contrast, the
occurrence of mild or moderate COVID-19 and severe disease early in
pregnancy poses a minimal risk [8,10].

The initial phases of the COVID-19 pandemic were characterized by a
scarcity of evidence; guidelines were developed but they lacked uni-
formity and consistency [11]. Obstetricians facing this uncertainty and
potentially influenced by anxiety, were left with the challenging task of
making crucial decisions in their obstetric care. Nevertheless, the
availability and quality of care during pregnancy, childbirth, and the
postpartum period are of paramount importance [12]. TheWorld Health
Organization (WHO) recommends that healthcare should be safe,
effective, timely, efficient, equitable, and person-centered [13]. In-
terventions, such as CS, medically-induced prematurity, and general
anesthesia during CS, can be lifesaving in specific situations. However, if
not necessary, they cause avoidable short- or long-term harm [14–16].

Our study aims to analyze whether there was a change in obstetric
interventions for SARS-CoV-2 infected pregnant women during the first
two waves compared to the pre-pandemic period. Were obstetric in-
terventions during the early phase of the pandemic in Belgium as fair
and appropriate as before the pandemic?

2. Materials and methods

From 1 March 2020 to 28 February 2021, the Belgian Obstetric
Surveillance System (B.OSS) conducted a nationwide population-based
observational registry of SARS-CoV-2 in pregnancy. The B.OSS has
been registering and analyzing rare disorders and complications of
pregnancy in Belgium since 2012, with the participation of all Belgian
maternity units except one, covering 97.4 % of all births [17]. Each of
the 101 participating maternity units has a staff member responsible for
case ascertainment. At the start of the pandemic, the surveillance system
collected data on pregnant women infected with SARS-CoV-2 in
collaboration with the International Network of Obstetric Survey Sys-
tems (INOSS) [5]. Weekly reminders were sent by e-mail during the peak
of the pandemic in Belgium, asking the designated person to report any
case.

All women who were pregnant and had a confirmed diagnosis of
SARS-CoV-2 infection through polymerase chain reaction (PCR) testing
in the six weeks before hospitalization or before giving birth, were
included. Hospitalization could be for any cause, including SARS-CoV-2
infection, pregnancy-related complications, or delivery. An online data
collection form developed by INOSS was used to collect information on
maternal characteristics, details of SARS-CoV-2 infection and its man-
agement, and pregnancy, maternal and neonatal outcome [4,6,7,18].
The list of all variables can be found in Supplementary files (Table S1).
Calculation of body mass index (BMI) was based on the first recorded
weight during the pregnancy. “Grand multiparity” was defined as a
history of four or more births. Urgency of cesarean section was scaled
according to the four-grade classification of Lucas et al. [19] (Table S1).

A total of 923 cases with completed registration forms were included.
Exclusion criteria for this study were: no completed data collection form
(n = 101); more than six weeks between the diagnosis of the infection
and their hospitalization (n = 68); no confirmation of SARS-Cov-2
infection (n = 18); no hospitalization (n = 8); duplicates (n = 3);
registration outside of the study period (n= 3) and PCR test known after

delivery when SARS-CoV-2 infection was not suspected (n = 24). To
ensure comparability, twin pregnancies (n = 20) and births under 22
weeks and with a birth weight of less than 500 g (n = 15) were excluded
from this B.OSS cohort (Fig. 1). We categorized the B.OSS COVID cohort
(referred as group= INFECTED) into two groups: admitted due to severe
SARS-CoV-2 infection, based on clinical assessment (SEVERE group);
and those hospitalized for obstetric reasons (NON-SEVERE group). This
latter was further divided into two subgroups (asymptomatic and
symptomatic).

To make a national comparison, a reference group (REF) was ob-
tained from the Belgian perinatal data collected in 2019 (Fig. S1).
Belgium comprises three regions from north to south: Flanders, Brussels
and Wallonia. Perinatal data are analyzed at the regional level by the
Studiecentrum voor Perinatale Epidemiologie (SPE) for Flanders and the
Centre d’Epidémiologie Périnatale (CEpiP) for Brussels and Wallonia
[20–22]. We used data of all singleton births, with a gestational age (GA)
of at least 22 weeks or with a birthweight of at least 500 g, that occurred
between January 1, 2019 and December 31, 2019 (representing the
latest pre-pandemic period). To ensure comparability, we exclusively
obtained data from hospitals that reported at least one case (n = 80), as
socioeconomic characteristics can vary considerably between hospitals.
Not all variables of the B.OSS cohort were available in REF.

The primary outcome of this study is to determine the proportions of
each obstetric intervention among pregnant women with a confirmed
SARS-CoV-2 infection compared to pre-pandemic regional perinatal
data. Obstetric interventions include induction of labor, induced pre-
term birth, cesarean delivery, and the use of general anesthesia for ce-
sarean delivery. Neonatal outcomes include birth weight, stillbirth,
Apgar at 5 min, neonatal intensive care unit (NICU) admission, mal-
formations, neonatal death.

Descriptive analyses were presented using numbers and proportions
for categorical variables. Univariable comparisons with the reference
group were made using the chi-square test or the Fisher exact test when
appropriate for categorical variables. Statistical significance was defined
as a p-value < 0.05.

To evaluate the association of a SARS-CoV-2 infection with PTB and
mode of delivery, logistic regression was used to adjust for maternal age,
region, BMI, parity, pre-existing and pregnancy-induced hypertension,
and hyperglycemia in pregnancy (HIP). Crude and adjusted odds ratios
with 95 % confidence interval (95 % CI) derived from the logistic re-
gressions and the p-value of the Wald chi2 test were presented. The
Hosmer and Lemeshow test was used to check the goodness-of-fit of the
model.

Statistical analyses were performed using STATA version 17 (Stata-
corp, TX, USA).

The study was approved by the central ethics committee of the
University Hospital of Ghent (ref. number B670201526875), and local
ethics committees.

3. Results

3.1. Sociodemographic and pregnancy characteristics

There were 923 cases included in the INFECTED group (Fig. 1). We
divided the cohort according to the reason for admission: 86 of the
pregnant women (9.3 %) were hospitalized due to severe SARS-CoV-2
infection (group SEVERE); the remaining (n = 837) were hospitalized
for obstetric reasons (group NON-SEVERE) (Fig. 1). The reference group
(REF) included 89 745 births from 2019. Maternal age was similar be-
tween INFECTED and REF women (Table 1). The majority of women
were born in Belgium or Europe (64.0 %), while 13.8 % and 19.1 % of
our cohort were from Africa and the Eastern Mediterranean Region,
respectively. Only 16.9 % of births occurred in Brussels in the REF
group, but the Brussels maternities contributed to 32.3 % of the
INFECTED women.

The median BMI at booking in the INFECTED group was 25.9 kg/m2

A. Vercoutere et al.
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(min 14.5 – max 62.5). Of these women 20.1 % were obese (odds ratio
OR 1.7; 95 % CI [1.4–2.0]) and 28.7 % (OR 1.4; 95 % CI [1.2–1.6]) were
overweight, compared with 14.3 % and 24.3 %, respectively, in the REF
group. An even higher proportion of women in the SEVERE group were
overweight (37.8 %) or obese (30.5 %).

The most common pre-existing comorbidities in the INFECTED
group were asthma (2.6 %) and hypertension (1.4 %). Additionally,
15.5 % of INFECTED women had HIP (either pre-existing or gestational)
compared to 8.6 % in the REF group (OR 1.9; 95 % CI [1.6–2.3]). Pro-
portion of pre-existing or gestational hypertension was similar between
INFECTED and REF women. Compared to the REF group, the cohort had
more multiparous or grand multiparous women (36.6 % nulliparous in
INFECTED versus 44.2 % in REF).

3.2. Obstetrical outcome

3.2.1. Preterm delivery
A total of 8.5 % of INFECTED women delivered preterm, compared

to 7.0 % in the REF group (Table 2). Within the severe cases (SEVERE),
we observed a higher proportion (13.8 %) of PTB. The REF group had a
higher proportion of spontaneous PTB (64.9 %), whereas the INFECTED
group had a significantly higher proportion of medically induced PTB
(60.5 %), especially in the SEVERE subgroup (63.6 %) (versus REF
group 35.1 %).

After adjustment, PTB remains significantly associated with a SE-
VERE infection compared to the REF group (adjusted odds ratio [aOR]
2.3;,95 % CI[1.2–4.3]) (Table 3A).

3.2.2. Mode of delivery
A total of 706 out of 891 women (79.2 %) gave birth vaginally,

which was similar to the REF group (Table 2). Regarding the indication
for CS, respiratory deterioration was the reason for CS in 7/20 (35.0 %)
in the SEVERE, compared to 3.5 % (2/58) in the symptomatic NON-
SEVERE group. In the NON-SEVERE group, symptomatic women were

more likely to undergo a CS (27.4 %) compared to asymptomatic women
(17.9 %) and women in the SEVERE group (25.0 %) (Table 3B). After
adjustment, we observed higher OR of CS for the NON-SEVERE symp-
tomatic group compared to REF group but at the limit of signification
(Table 3).

3.2.3. General anesthesia
In the INFECTED cohort, 11.8 % of patients required general anes-

thesia (GenA) during their CS (22/186) compared to 4.9 % in the REF
group(OR 2.5; 95 %CI[1.6–3.8]); 35.0 % of women in the SEVERE
group required GenA (versus 9.0 % in NON-SEVERE; p = 0.004).
Among cases in INFECTED requiring general anesthesia, 40.9 % of
women were in labor; 45.5 % had category-one emergency CS (imme-
diate threat to the life of the woman or fetus) and 13.6 % had a category-
two CS (Table S4). In six cases (27.2 %; 6/22), respiratory distress or
deterioration due to COVID-19 necessitated a CS and influenced the
choice of anesthesia. In five cases (22.7 %), the reason for the general
anesthesia remains unexplained (Table S4).

3.2.4. Induction
No difference was observed in the induction rate (29.7 % in

INFECTED; 27.9 % in REF) (Table 2). A higher induction rate was
observed in the SEVERE group (40.7 %), with 34.4 % of women un-
dergoing induction due to the progression of their SARS-CoV-2
infection.

3.3. Neonatal outcomes

There was no statistical difference in low birth weights at term or
stillbirth rates in our cohort compared to REF (1.0 % in INFECTED;
0.6 % in REF; p = 0.08). Neonates born from the women in the SEVERE
group had a lower Apgar score compared to REF (7.5 % <and 2.2 %
respectively) (Table 2). A higher incidence of malformations was
observed in INFECTED (3.2 %) compared to REF (0.9 %). Two neonatal

Fig. 1. Flowchart of the registered and included cases of the B.OSS register in the comparative study.
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deaths occurred in our cohort (2/883; 0.2 %), one within seven days of
birth, and the other at 25 days of life. A total of 148 (16.9 %) of infants in
the INFECTED group underwent PCR testing for SARS-CoV-2 infection;
seven of them (7/148; 4.7 %) were positive. (Table 2).

4. Discussion

4.1. Main findings

The main findings of the study suggest that, after adjustment, ob-
stetric management of pregnant women with non-severe SARS-CoV-2
infection was similar to pre-pandemic practice, with a minor difference
in mode of birth and no difference in induction of labor. For general
anesthesia during CS, we observed more than a twofold increase.
Pregnant women with a severe SARS-CoV-2 infection were more likely
to have induction of labor, medically-induced preterm birth, and an
increased risk of general anesthesia during cesarean delivery. It is
noteworthy that our cohort analyzed the early phase of the pandemic
when data and guidelines for managing these cases were limited.

5. Limitations and strengths

Our population-based study, covering 97.4 % of births in Belgium in
the pandemic’s first year, offers a comprehensive overview of the impact
of wild-type SARS-CoV-2 on obstetric outcomes pre-vaccination.

The presence of an INOSS network enabled the B.OSS group to utilize
a standardized data collection form across multiple countries. Recent
research by Bonet et al. suggests multinational and regional network
involvement is key for effective maternal and perinatal research readi-
ness and response, enabling swift access to care during future epidemics.
[23].

The study has several limitations. Firstly, there was variation in
testing availability and strategies during the early stages of the
pandemic. These variations may have led to underreporting of asymp-
tomatic and mild cases in particular. As a result, the cohort may not
accurately reflect the true prevalence of COVID-19 among hospitalized
pregnant women, and associations with SARS-CoV-2 infection may
appear worse than they are in reality, if testing was biased toward severe
cases.

Table 1
Sociodemographic and pregnancy characteristics of hospitalized pregnant women infected with SARS-CoV-2 compared with the pre-pandemic reference group, and
divided according to the reason for admission (SEVERE vs NON-SEVERE).

Characteristics REF
n ¼ 89 745

INFECTED
n ¼ 923

OR (95 % CI)1 SEVERE
n ¼ 86

NON-SEVERE
n ¼ 837

SOCIO-DEMOGRAPHIC
Maternal age (years)
<20 1 253 (1.4) 15 (1.6) 1.2 (0.7 − 2.0) 2 (2.3) 13 (1.6)
20 − 34 70 091 (78.1) 715 (77.5) 1 61 (70.9) 654 (78.1)
≥ 35 18 400 (20.5) 193 (20.9) 1.0 (0.9 − 1.2) 23 (26.7) 170 (20.3)
Country origin
Belgian - 425 (51.4) 38 (49.3) 387 (51.6)
European - 104 (12.6) 9 (11.7) 95 (12.7)
African - 114 (13.8) 14 (18.2) 100 (13.3)
East Mediterranean Region - 158 (19.1) 12 (15.6) 146 (19.5)
Other - 26 (3.1) 4 (5.2) 22 (2.9)
Region
Flanders 50 861 (56.7) 416 (45.1) 1 27 (31.4) 389 (46.5)
Brussels 15 130 (16.9) 298 (32.3) 2.4 (2.1 − 2.8) 30 (34.9) 268 (32.0)
Wallonia 23 754 (26.5) 209 (22.6) 1.1 (0.9 − 1.3) 29 (33.7) 180 (21.5)
BMI (kg/m2)
< 18.5 4 189 (4.85) 32 (3.7) 0.9 (0.6 − 1.3) 2 (2.4) 30 (3.9)
18.5 < 25 48 833 (56.6) 406 (47.5) 1 24 (29.3) 382 (49.4)
25 < 30 21 004 (24.3) 245 (28.7) 1.4 (1.2 − 1.6) 31 (37.8) 214 (27.7)
≥ 30 12 308 (14.3) 172 (20.1) 1.7 (1.4 − 2.0) 25 (30.5) 147 (19.0)
Single
Current - 53 (6.4) 5 (6.6) 48 (6.4)
Smoking
Current - 57 (6.9) 1 (1.3) 56 (7.4)
Pre-existing medical problem
Asthma - 23 (2.6) 4 (4.8) 19 (2.4)
Pulmonary disease - 4 (0.5) 2 (2.4) 2 (0.3)
Cardiac disease - 5 (0.6) 1 (1.2) 4 (0.5)
Hypertension - 12 (1.4) 2 (2.4) 10 (1.2)
Diabetes - 5 (0.6) 0 5 (0.6)
PREGNANCY
Parity
1 39 685 (44.2) 337 (36.6) 1 24 (28.2) 313 (37.5)
2 − 3 42 776 (47.7) 443 (48.1) 1.2 (1.1 − 1.4) 44 (51.8) 399 (47.7)
≥ 4 7 258 (8.1) 141 (15.3) 2.3 (1.9 − 2.8) 17 (20.0) 124 (14.8)
Medical complications during pregnancy
Gestational diabetes - 135 (14.7) 13 (15.1) 122 (14.6)
Preeclampsia / Eclampsia / HELLP - 24 (2.6) 1 (1.2) 23 (2.8)
Hypertension all
(preexisting þ gestational)

4 152 (4.6) 51 (5.7) 1.2 (0.9 − 1.6) 7 (8.4) 44 (5.5)

Hyperglycemia in pregnancy
(preexisting þ gestational)

7 651 (8.6) 140 (15.5) 1.9 (1.6 − 2.3) 13 (15.3) 127 (15.6)

CI = confidence interval
HELLP = hemolysis elevated liver enzymes and low platelets
NON-SEVERE = pregnant women with SARS-CoV-2 infection hospitalized for an obstetric indication
OR = odds ratio
REF = pre-pandemic reference group
SEVERE = pregnant women with SARS-CoV-2 infection hospitalized for a severe infection
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Despite universal access to health care, there may be variability in
the criteria for hospitalization of pregnant women with a severe SARS-
CoV-2 infection, which could introduce selection bias. Similarly, there
is variability in obstetric management practices between centers. We
have addressed these potential sources of bias by using regression
methods with covariate adjustment to mitigate their effects. However,
due to the inherent design limitations of case registry studies, bias
cannot be completely eliminated.

Another limitation is the risk of classification bias, resulting from the
fact that the severity classification of COVID-19 cases was based on

clinicians’ observations and reports during their care, without speci-
fying whether this assessment was based on standardized and uniform
severity criteria, such as those defined by theWHO later in the pandemic
[24]. We addressed this risk by performing an expert review of the
medical records. For the records with available data (two-thirds of the
cases), the clinical classification was validated to be consistent with
WHO criteria. We performed a sensitivity analysis excluding the severe
cases that were not validated (one-third of the cases), which showed no
significant differences compared to the whole cohort.

Most women who were not hospitalized for a severe SARS-CoV-2

Table 2
Obstetric and neonatal outcomes of pregnant women in the B.OSS cohort (INFECTED) compared with the pre-pandemic reference group (2019) (REF). The B.OSS
cohort is divided into two subgroups: hospitalized for a severe SARS-CoV-2 infection (SEVERE) and those for an obstetric reason (NON-SEVERE).

Obstetric & neonatal
outcome

REFERENCE
n ¼ 89 745

INFECTED
n ¼ 923

OR (CI 95 %) SEVERE
n ¼ 86

NON-SEVERE
n ¼ 837

Delivery mode
Spontaneous vaginal 63 358 (70.6) 623 (69.9) 1 50 (62.5) 573 (70.7)
Vacuum / Forceps 8 428 (9.4) 83 (9.3) 1.0 (0.8 − 1.3) 10 (12.5) 73 (9.0)
Pre-labor cesarean 8 907 (9.9) 97 (10.9) 1.1 (0.9 − 1.4) 12 (15.0) 85 (10.5)
Cesarean after labor onset 9 051 (10.1) 88 (9.9) 1.0 (0.8 − 1.2) 8 (10.0) 80 (9.9)
All vaginal 71 786 (80.0) 706 (79.2) 1 60 (75.0) 646 (79.7)
All cesarean 17 958 (20.0) 185 (20.8) 1.0 (0.9 − 1.2) 20 (25.0) 165 (20.3)
Preterm delivery (< 37 weeks)
Yes, all 6261 (7.0) 76 (8.5) 1.0 (0.9 − 1.2) 11 (13.8) 65 (8.0)
Spontaneous 4059 (64.9) 30 (39.5) 1 4 (36.4) 26 (40.0)
Medically induced 2193 (35.1) 46 (60.5) 2.8 (1.8 – 4.5) 7 (63.6) 39 (60.0)
Gestational age at delivery (in weeks)
22 to 28 464 (0.5) 7 (0.8) 1.5 (0.7 − 3.2) 1 (1.2) 6 (0.7)
28 to 32 533 (0.6) 12 (1.4) 2.3 (1.3 − 4.1) 2 (2.5) 10 (1.2)
32 to 37 5 264 (5.9) 57 (6.4) 1.1 (0.8 − 1.5) 8 (10.0) 49 (6.1)
≥ 37 83 483 (93.0) 815 (91.4) 1 69 (86.3) 746 (92.0)
Induction of labor 25 078 (27.9) 266 (29.7) 1.1 (0.9 − 1.3) 33 (40.7) 233 (28.6)
Analgesia during cesarean
Regional 17 073 (95.1) 163 (88.1) 1 13 (65.0) 150 (90.9)
General 875 (4.9) 22 (11.9) 2.5 (1.6 − 3.8) 7 (35.0) 15 (9.1)
Birth weight
< 2500 g 1 775 (2.1) 26 (3.2) 1.5 (1.0 − 2.2) 2 (2.9) 24 (3.2)
2500 − 4000 g 74 221 (88.9) 723 (88.7) 1 62 (89.9) 661 (88.6)
≥ 4000 g 7 481 (9.0) 66 (8.1) 0.9 (0.7 − 1.2) 5 (7.2) 61 (8.2)
Stillbirth 509 (0.6) 9 (1.0) 1.8 (0.9 − 3.4) 0 9 (1.1)
Apgar 5 min
< 7 1 941 (2.2) 29 (3.3) 1.5 (1.1 − 2.2) 6 (7.5) 23 (2.9)
≥ 7 87 486 (97.8) 852 (96.7) 1 74 (92.5) 778 (97.1)
Admission to NICU
No 79 773 (88.9) 762 (86.5) 1 63 (78.8) 699 (87.3)
Yes 9 970 (11.1) 119 (13.5) 1.2 (1.0 − 1.5) 17 (21.2) 102 (12.7)
Malformation 773 (0.9) 28 (3.2) 3.6 (2.5 − 5.4) 4 (4.7) 24 (2.9)
Perinatal death
No 89 618 (99.9) 881 (99.8) 1 79 (98.8) 802 (99.9)
Yes, within 7 days 127 (0.1) 1 (0.1) 0.9 (0.2 − 3.5) 1 (1.2) 0

CI = confidence interval
NICU = neonatal intensive care unit
NON-SEVERE = pregnant women with SARS-CoV-2 infection hospitalized for an obstetric indication
OR = odds ratio
REF = pre-pandemic reference group
SEVERE = pregnant women with SARS-CoV-2 infection hospitalized for a severe infection

Table 3
Frequency, crude (OR) and adjusted odds ratios (aOR) with their confidence interval (CI 95 %) for the association between preterm delivery (Table 3A), cesarean
delivery (Table 3B) and SARS-CoV-2 infection.

Table 3A
Preterm delivery N (%) OR (CI 95 %) p- value aOR (CI 95 %) p-value
REF 6291 (7.0) 1 0.01 1 0.03
NON SEVERE - Asymptomatic 42 (7.0) 1.0 (0.7 – 1.4) 1.0 (0.8 – 1.5)
NON SEVERE - Symptomatic 23 (11.1) 1.7 (1.1 – 2.6) 1.5 (0.9 – 2.5)
SEVERE 11 (13.8) 2.1 (1.1 – 4.0) 2.3 (1.2 – 4.3)
Table 3B
Cesarean delivery N(%) OR (CI 95 %) p-value aOR (CI 95 %) p-value
REF
NON SEVERE - Asymptomatic

17958 (20.0)
108 (17.9)

1
0.87 (0.7 - 1.1)

0.02 1
0.9 (0.7 – 1.1)

0.05

NON SEVERE - Symptomatic 57 (27.4) 1.5 (1.1 – 2.0) 1.4 (1.0 – 2.1)
SEVERE 20 (25.0) 1.3 (0.8 – 2.2) 1.3 (0.8 – 2.2)
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infection, were hospitalized for childbirth (84.3 % of cases). The
remainder were hospitalized for an obstetric reason, although the exact
reason was not recorded, preventing more detailed interpretation in the
outcome analysis. Due to the limited number of cases in the subgroup of
medically-induced PTB (an obstetric intervention), logistic regression
was not feasible. Therefore, logistic regression was performed on the
entire group for PTB.

There were differences in socio-demographic characteristics between
the INFECTED and REF groups, but we adjusted for these variables in the
logistic regression analysis.

The strength of our population-based study is that we used a
nationwide population as a control group. We opted not to include a
reference group with perinatal data from 2020 due to the fact that health
care systems were overwhelmed and probably operated differently
during the pandemic. In addition, we would have been unable to exclude
infected women from reference group in 2020.

5.1. Interpretation in light of other studies

5.1.1. Risk factors of SARS-CoV-2 infection in pregnant women
Risk factors (clinical and social) for SARS-CoV-2 infection in preg-

nant women are less studied, even though they are well known in the
general population [25–27]. A recent meta-analysis by Smith et al.
showed that diabetes, hypertension, cardiovascular disease, HIV infec-
tion, pre-pregnancy underweight/obesity, and anemia were risk factors
for severe COVID-19 infection in pregnant women [28]. Compared to
the reference group, the women in our cohort were more likely to reside
in the Brussels region, have higher parity, be overweight/obese, and
have pre-existing or gestational diabetes. The higher risk associated with
higher parity may be due to prolonged close contacts, especially within
households, which has been identified as a primary transmission risk
[29]. Racapé et al. found that social health determinants played a sig-
nificant role in the excessive spread of COVID-19 in Brussels, particu-
larly in precarious situations [26,27].

5.1.2. Neonatal outcomes
In the INFECTED group, we reported more fetal malformations

(3.2 %) compared to REF. This could be attributed to more compre-
hensive reporting in the INFECTED cohort. EUROCAT’s 2021 report
cites a prevalence of 2.8 % in Europe [30].

5.1.3. Preterm delivery & induction
Our study also revealed a higher incidence of PTB, mainly medically-

induced and associated with severe infection (aOR 2.3) and a higher risk
of induction of labor in the severely ill women (OR 1.8). Notably, in the
severe group, one in three women underwent induced labor due to
worsening COVID-19 infection. This finding is consistent with Vousden
et al.’s observation that women with severe infection had a higher rate
of medically induced preterm delivery [31].

5.1.4. General anesthesia
Belgium has successfully achieved the Society for Obstetric Anes-

thesia and Perinatology’s (SOAP) target of keeping GenA below 5 %
[32], based on pre-pandemic data from 2019. However, among preg-
nant women infected with SARS-CoV-2, a higher percentage underwent
GenA during their CS, especially SEVERE cases. Notably, 40.9 % of
GenA cases were administered for category three or four emergency CS,
which is not in line with current recommendations [16]. The SOAP
COVID-19 registry in the USA reported that 8.7 % of infected women
underwent GenA, compared with 2.6 % of non-infected women [33].
General anesthesia can lead to several complications, including aspira-
tion, awareness during CS, and difficulties with intubation. In addition,
the use of GenA during CS can interfere with subsequent skin-to-skin
contact and consequently with mother-baby bonding. Interestingly,
both the UK and Israel have managed to reduce their overall rates of
GenA for CS during the pandemic [32,34]. While patients requiring

intubation for respiratory distress should receive GenA during CS, but
many women in our study received GenA for non-urgent CS without
respiratory distress, which needs to be addressed. Adherence to clear
recommendations is essential to avoid unnecessary GenA use, even
during outbreaks.

6. Conclusions

Our findings suggest that clinicians in Belgium have not modified the
standard management practices for non-severe SARS-CoV-2 infected
pregnant women. In our cohort, a higher incidence of preterm delivery
and induction of labor was observed in women with severe illness. The
use of general anesthesia for cesarean section was increased in women
infected with SARS-CoV-2, even when not justified by respiratory
distress or emergency indications.
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