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Objectives: Pregnant women are especially vulnerable to respiratory infections such as coronavirus disease 2019 (COVID-19), but in-
sufficient research has investigated pregnancy and its outcomes in women with COVID-19. This cross-sectional study compared birth
outcomes related to COVID-19 between Bangladeshi pregnant women with and without COVID-19.

Methods: The study was conducted at 3 tertiary referral hospitals in Dhaka, Bangladesh, from March to August 2020. Pregnant wom-
en admitted for delivery at these hospitals with laboratory results (reverse-transcription polymerase chain reaction) were analyzed.
Using convenience sampling, we included 70 COVID-19-positive and 140 COVID-19-negative pregnant women. Trained and experi-
enced midwives conducted the interviews. Data were analyzed using the t-test, the chi-square test, and univariate and multivariable
linear and logistic regression.

Results: Pregnant women with COVID-19 were more likely to give birth to a preterm baby (adjusted odds ratio [aOR], 2.15; 95% confi-
dence interval [Cl], 1.06 to 4.37) and undergo a cesarean section (aOR, 3.27; 95% Cl, 1.51 to 7.07). There were no significant differences
in birth weight, premature rupture of membranes, and the Apgar score at 1 minute or 5 minutes post-delivery between women with
and without COVID-19. All the newborn babies who were born to COVID-19-positive women were COVID-19-negative.

Conclusions: Our study suggests that pregnant women with COVID-19 were more likely to give birth to a preterm baby and undergo
a cesarean section. For this reason, physicians should be particularly cautious to minimize adverse birth outcomes among pregnant
women with COVID-19 and their newborn babies.
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to the lockdown, the total number of institutional deliveries
decreased, and the number of home deliveries escalated. This
led to concerns regarding a possible increase in maternal mor-
bidity and perinatal mortality if the situation persisted for long.
In Bangladesh, during the period of COVID-19-related move-
ment restrictions, all forms of institutional delivery (cesarean
section [CS] and normal) were 15% and 20% lower in April
2020 than in April 2019 [3]. In urban areas, pregnant women
went to private hospitals, and in rural areas, most pregnant
women delivered their babies at home. The exact number of
COVID-19-positive pregnant women in Bangladesh is unknown
due to a lack of record-keeping. With limited knowledge of the
effects of COVID-19 infection on pregnant women, healthcare
workers faced difficulties serving such patients during this pe-
riod.

Pregnant women are classified as a special demographic
group due to the particular immunological state produced by
pregnancy, for which reason they are more susceptible to re-
spiratory infections such as COVID-19 and its complications
[4,5]. Newborns are also vulnerable to several infections, but
vertical transmission of COVID-19 from mother to fetus has yet
to be confirmed [6]. Although a published article has reported
vertical transmission, this finding has not yet been globally es-
tablished [71. A report published by the Centers for Disease
Control and Prevention (CDC) in June 2020 showed that preg-
nant women with COVID-19 are more prone to be hospitalized
with intensive care unit (ICU) support, which indicates that
childbearing women are more vulnerable to have serious is-
sues with COVID-19 [8]. A population-based study in China
also suggests that COVID-19 infection during later pregnancy
is linked with an increased risk of unexpected birth outcomes
because of the increased number of CSs [9]. Furthermore, a
case report published in September 2020 raised concern
about the probable adverse outcomes of COVID-19 in women
during pregnancy and suggested considering pregnant wom-
en as a group in particular danger during this pandemic [10].
The incidence of CSs, preterm births, low birth weight, neona-
tal ICU admission appeared to be higher among pregnant
women with COVID-19 than among pregnant women without
COVID-19 [11]. A study conducted with 32 hospitalized COV-
ID-19 positive pregnant women from a COVID-19-dedicated
hospital in Bangladesh revealed that 57.9% of women delivered
preterm babies, and 79.0% underwent delivery by CS [12].

In contrast with the findings mentioned above, several oth-
er studies have reported no significant associations between
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birth outcomes and COVID-19 infection among pregnant wom-
en. A recent report analyzing 46 pregnant women with symp-
tomatic COVID-19 found that the majority of the cases were
mild, but some women developed breathing problems [13].
An observational article published in The Lancet analyzed the
neonatal and obstetric findings of several hospitalized preg-
nant women who had contracted COVID-19 in their third tri-
mester. The outcomes were good for all 7 mothers; none de-
veloped critical complications, and all were discharged from
the hospital [14]. Another small study with COVID-19 positive
pregnant women did not report the presence of the virus in
cord blood, breast milk, or amniotic fluid [15]. Likewise, a study
conducted among 68 COVID-19 positive pregnant women from
Bangladesh concluded that COVID-19 infection during preg-
nancy might not be related to adverse neonatal and obstetric
consequences [16]. Similar studies have been published in many
countries, but were limited by small sample sizes. However,
there is a dearth of literature from Bangladesh related to preg-
nancy and its outcomes in women with COVID-19.

Hence, this study aimed to assess the adverse birth outcomes
of pregnancy among Bangladeshi women.

METHODS

Study Participants and Data Collection Procedure

This group-comparison cross-sectional study was carried out
among pregnant women admitted to three tertiary level gov-
ernment hospitals in Dhaka, Bangladesh from March to August
2020. The hospitals were Dhaka Medical College and Hospital,
Sir Salimullah Medical College and Hospital, and Mugdha Med-
ical College and Hospital. These hospitals were chosen because
they are the highest-level referral hospitals in the country and
patients from all over the country are often referred to these
hospitals. Midwives were deployed in the labor wards of these
hospitals by the Obstetrical and Gynaecological Society of
Bangladesh (OGSB) as an emergency response to combat the
COVID-19 pandemic in Bangladesh. Those midwives were
trained and responsible for recording pregnant women'’s so-
cioeconomic and clinical data while providing services to ex-
pecting mothers. We included pregnant women who attend-
ed any of the above-mentioned tertiary hospitals for delivery
purposes with COVID-19 reverse transcription polymerase
chain reaction (RT-PCR) test results. Pregnant women whose
COVID-19 infection status was not investigated by laboratory
testing and those who were unwilling to participate in the
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study were excluded.

For every COVID-19-positive participant in the study, our ex-
perienced data collectors interviewed two COVID-19-negative
pregnant women from the same facility to increase the sample
size for comparing outcomes. For data collection, we used non-
probability convenience sampling. In total, we screened 110
COVID-19-positive pregnant women treated at those hospitals
during the study period for inclusion, of whom 70 remained
after applying the inclusion and exclusion criteria. Correspond-
ing to the 70 COVID-19-positive pregnant women, we included
140 COVID-19-negative pregnant women admitted to the above-
mentioned hospitals for delivery during the study period.

We collected data on participants’ socio-demographic infor-
mation of the participants, the characteristics of pregnant
women, and the birth outcomes of newborns.

Quality Control

The supervisors regularly inspected the dependability and
competency of the completed questionnaires throughout the
data collection period. Simultaneously, the data entry team
carefully entered and cleaned the collected data to reduce the
likelihood of missing or irrelevant data.

Statistical Analysis

Data were analyzed using Stata version 15.0 (StataCorp., Col-
lege Station, TX, USA). Continuous variables were expressed as
mean with standard deviation, whereas categorical variables
were expressed as frequency and percentages (%). In univari-
ate analyses, we conducted the t-test for continuous outcomes,
and the chi-square test was performed for categorical outcomes.
As appropriate, we investigated associations between explan-
atory variables and outcome variables using a multivariable
binary logistic regression model, a Firth logistic regression
model, and a multivariable linear regression model. Firth lo-
gistic regression is especially useful for minimizing the bias
caused by a small sample and overcoming the complete sepa-
ration of predictor variables over the outcome variable of a
multivariable logistic regression model [17]. The results were
reported as adjusted odds ratios (aORs) and the corresponding
95% confidence intervals (Cls). We considered p-values <0.05
as indicating statistical significance.

Ethics Statement
The study was conducted according to the guidelines stated
in the Declaration of Helsinki and ethical approval was obtained
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from the Institutional Review Board of North South University
(2020/0R-NSU/IRB-No. 0801). Participants were thoroughly in-
formed regarding the purpose of the study and written in-
formed consent was obtained from participants before data
collection.

RESULTS

Table 1 presents the respondents’ characteristics. We found
that the COVID-19-positive women were older than the COVID-
19-negative women, and there was a significant relationship
between COVID-19 status and age groups (p<0.001). The pro-
portion of employed women was slightly higher in the COVID-
19-infected group (22.9%) than those who were not infected
with COVID-19 (20.0%). In the non-infected group, 40.7% of
respondents were pregnant for the first time, which was slightly

COVID-19 infection status

Characteristics - p-value
Infected Non-infected

Age (y) <0.001
<20 6 (8.6) 53(37.9)
21-25 19(27.1) 44.(31.4)
26-30 24 (34.3) 33(23.6)
>30 21(30.0) 10(7.1)

Occupation 0.632
Homemaker 54.(77.1) 112 (80.0)
Employed 16 (22.9) 28(20.0)

Gravidity 0.676
1 25(35.7) 57 (40.7)
2 20 (28.6) 41(29.3)
>3 25(35.7) 42 (30.0)

Parity 0.133
1 26 (37.1) 63 (45.0)
2 16 (22.9) 40 (28.6)
>3 28 (40.0) 37 (26.4)

Pregnancy complications (antepartum 0.328
hemorrhage, eclampsia, etc.)
No 67(95.7) 129(92.1)
Yes 3(4.3) 11(7.9)

Chronic disease (hypertension, asthma, diabetes, 0.004
hypothyroidism, hepatitis B infection, etc.)
No 60 (85.7) 135 (96.4)
Yes 10(14.3) 5(3.6)

Values are presented as number (%).
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higher than the corresponding proportion in the infected group
(35.7%). However, 40.0% of the COVID-19-positive women had
a parity of 3 or more, whereas this proportion was much lower
among women without COVID-19 (26.4%). Pregnancy-related
complications were also slightly more common in the non-
COVID-19 group than in the COVID-10 group (7.9 vs. 4.3%). In
contrast, a higher proportion of participants with COVID-19
(14.3%) reported comorbidities than participants without CO-
VID-19 (3.6%), and the presence of at least 1T comorbidity was
statistically significantly associated with participants’ COVID-
19 infection status (p=0.004).

Table 2 shows the association between birth outcomes and
COVID-19 infection status among Bangladeshi pregnant wom-
en. CSs were much more common (71.4%) among the COVID-
19-positive women than among their COVID-19-negative coun-

COVID-19 infection status
Variables . p-value
Infected Non-infected

Premature rupture of membranes 0.156
No 69 (98.6) 140 (100.0)
Yes 1(1.4) 0(0.0)
Gestational age (wk) 0.001
Preterm (<37) 37 (52.9) 42 (30.0)
Term (=37) 33(47.1) 98 (70.0)
Mode of delivery <0.001
NVD 20 (28.6) 81(57.9)
CS 50 (71.4) 59 (42.1)
Status of baby 0.125
Alive 66 (94.3) 137 (97.9)
Stillborn 2(29) 0(0.0)
IUD 2(29) 3(2.1)
Birth weight of baby (kg) 0.399
Low hirth weight (<2.5) 17 (25.0) 27(19.9)
Normal birth weight (=2.5) 51(75.0) 109 (80.2)
Sex of baby 0.674
Male 38 (54.3) 70 (50.0)
Female 32(45.7) 70 (50.0)
COVID-19 status of the newborn
Positive 0(0.0) 0(0.0)
Negative 66 (100) 137 (100)
Apgar score 1 min after delivery ~ 7.40£1.88 7.79+1.33 0.088
Apgar score 5 min after delivery ~ 9.09+£2.32  9.50%1.51 0.125

Values are presented as number (%) or mean= standard deviation.
NVD, normal vaginal delivery; CS, cesarean section; IUD, intrauterine death.
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terparts (42.1%), and the mode of delivery was statistically sig-
nificantly associated with the COVID-19 status of the partici-
pants (p<0.001). Stillbirth and intrauterine death (5.8%) were
slightly more common among the COVID-19-positive women
than among the COVID-19-negative women (2.1%). The ma-
jority (52.9%) of the COVID-19-positive women had premature
delivery, whereas this was only the case for 30.0% of the COV-
ID-19-negative women, and the infection status of the respon-
dents was found to be significantly associated with the gesta-
tional age (p=0.001). A slight difference was found in the like-
lihood of giving birth to a normal-weight infant between COV-
ID-19-positive (75.0%) and COVID-19-negative women (80.2%).
The Apgar score is widely used to evaluate newborns’ condi-
tions, and we recorded it at 1 minute and 5 minutes after birth.
The 1-minute Apgar score was higher in the COVID-19-nega-
tive group (7.79%1.33) than in the COVID-19-positive group
(7.40%1.88). Similarly, the 5-minute Apgar score was 9.50 £
1.51 in COVID-19-negative women, which was slightly higher
than in COVID-19-positive women (9.09 & 2.32). Neither of the
Apgar scores was statistically significantly associated with
pregnant women’s COVID-19 infection status. Likewise, pre-
mature rupture of membranes and the baby’s sex were not
significantly associated with mothers’ COVID-19 infection sta-
tus. Another important finding is that all alive newborn babies
were COVID-19-negative on RT-PCR tests.

Table 3 shows the associations between the COVID-19 status
of the participants and adverse birth outcomes of the newborns
(preterm birth, CS delivery, and low birth weight). Multivariable
logistic regression showed that, compared to women without
COVID-19 infection, COVID-19-positive women were 2.15
times (95% Cl, 1.06 to 4.37) more likely to give birth to a pre-
term baby.

We performed Firth logistic regression modeling to assess

COVvID-19 Preterm Cesarean Low hirth
status birth section weight
Non-infected 1.00 (reference) 1.00 (reference) 1.00 (reference)
Infected 2.15(1.06, 4.37) 3.27 (1,51, 7.07) 1.56 (0.64, 3.80)

Values are presented as adjusted odds ratio (95% confidence interval).
'Adjusted for maternal age (<20, 21-25, 26-30, >30), occupation (employed,
homemaker), gravidity (1, 2, =3), parity (1, 2, =3}, pregnancy complications
(yes, no), and chronic disease (yes, no).
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Apgar score at 1 min
COVID-19 status
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Apgar score after 5 min

Unadjusted Adjusted’ Unadjusted Adjusted’
Non-infected 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Infected -0.39(-0.83, 0.06) -0.40(-0.90, 0.10) -0.41(-0.94, 0.11) -0.44(-1.04,0.15)

Values are presented as coefficient (95% confidence interval).

'Adjusted for maternal age (<20, 21-25, 26-30, >30), occupation (employed, homemaker), gravidity (1, 2, =3), parity (1, 2, =3), pregnancy complications (yes,

no), and chronic disease (yes, no).

the effect of the mother’s COVID-19 status on the mode of de-
livery. As the dichotomous outcome variable was completely
separated over a predictor variable (e.g., disease status), tradi-
tional maximum likelihood regression might not have been
the best choice here. For this reason, we applied Firth logistic
regression to minimize the bias caused by a small sample and
to overcome the issue of complete separation for a multivari-
able logistic model (Table 3).

After adjusting for covariates, women with COVID-19 infec-
tion were 3.27 times (95% Cl, 1.51 to 7.07) more likely to un-
dergo a CS than women without COVID-19 infection.

The multivariable logistic regression model also showed no
significant association (aOR, 1.56; 95% Cl, 0.64 to 3.80) be-
tween newborns’ low birth weight and the pregnant women's
COVID-19 status.

We conducted multivariable linear regression to investigate
the association between newborns’ Apgar scores and pregnant
women'’s COVID-19 status. No significant associations were
found for the 1-minute Apgar score (adjusted coefficient, -0.40;
95% Cl, -0.90 to 0.10) or the 5-minute Apgar score (adjusted
coefficient, -0.44; 95% Cl, -1.04 to 0.15) (Table 4).

DISCUSSION

Using data from 210 pregnant women and their newborn
babies in Bangladesh, we investigated how COVID-19 infection
affects birth outcomes. Our analysis indicated that COVID-19-
infected pregnant women had a higher risk of undergoing a
CS delivery and giving birth to preterm babies than pregnant
women who were not infected with COVID-19. Another inter-
esting finding is that we did not find any evidence of vertical
transmission of COVID-19 from pregnant women to their chil-
dren. Our study results also revealed no significant relation-
ship between birth weight and pregnant women’s COVID-19
status. Furthermore, we did not find a statistically significant

relationship between Apgar scores and the COVID-19 status of
pregnant women.

Our study findings suggest that COVID-19 infection was
more prevalent among older pregnant women than among
younger ones. Several studies conducted in various parts of
the world among the general population have also found re-
sults concordant with our study [18,19]. According to the World
Health Organization, pregnant women who are older, obese,
or have comorbidities such as high blood pressure and diabe-
tes mellitus are at critical risk of severe COVID-19 outcomes [20].
The CDC also reported that pregnant women aged 35-44 years
with COVID-19 infection were about 4 times more likely to re-
quire invasive ventilation and 2 times more likely to die than
non-pregnant women of the same age group [21]. Blagosklon-
ny [22] explained how vulnerability to COVID-19 is associated
with age through the hyperfunction theory of quasi-programmed
aging. We know that aging is primarily related to increased
cellular and systemic functions (hyperfunction), which results
in age-related diseases. Hypertension, for example, is a system-
ic hyperfunction caused by excessive activity of numerous cell
types, including arterial smooth muscle cells. Likewise, COVID-
19 vulnerability is related to the hyperfunction of various in-
flammatory cells, which cause hypercoagulation, a cytokine
storm, and dysfunction of the lung and distant organs [22]. A
study conducted by a Japanese health ministry research team
found that COVID-19-infected pregnant women of age 30 or
older faced a 17% greater risk of becoming seriously ill [23].
Furthermore, Weng et al. [24] reported an association between
pregnancy at an advanced age with a heightened risk of unex-
pected birth outcomes, such as CS delivery and premature birth.
The similar results of our study regarding adverse birth out-
comes among COVID-19-positive women and the presence of
a higher proportion of comparatively older women among
COVID-19-infected participants solidify the findings of Weng
etal.[24].
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In this study, CS deliveries were more common (71.4%) among
COVID-19-positive pregnant women than among COVID-19-neg-
ative women (42.1%). Along with the usual cases of CS deliver-
ies, the physicians conducted cesarean sections as required
when COVID-19-related severe complications developed among
pregnant women or their fetuses (e.g., maternal breathing is-
sues or fetal distress). This accounts for the higher rate of CS
deliveries among the COVID-19-infected pregnant women
than among their counterparts. A systematic review including
108 pregnancies reported that 91% of the infants born to CO-
VID-19 positive women were delivered by CS, which is in line
with our findings of a higher prevalence of CS deliveries among
COVID-19-positive pregnant women [15]. Another brief review
conducted by Parazzini et al. [25] reported that vaginal delivery
was disproportionately less common among COVID-19-posi-
tive women. Furthermore, studies performed on Chinese [26],
Indian [27], Iranian [28], and United Kingdom [29] COVID-19-
infected pregnant women also reported similar results.

In the present study, we observed a higher rate of premature
delivery among COVID-19-positive pregnant women; the odds
of giving birth to preterm babies were 2 times higher among
COVID-19-positive women than among those who were COV-
ID-19-free during delivery. Similar to our findings, a recent rapid
review indicated that premature delivery affected almost half
of women (47%) hospitalized with COVID-19 infection [30].
Along with this, a prospective prepared by Schwartz and Gra-
ham [31] outlined that the previous severe acute respiratory
syndrome and Middle East respiratory syndrome viruses were
associated with premature birth, ICU support for newborn ba-
bies, and ultimately death in some cases. From the existing lit-
erature, we know that immune responses cause inflammation
in the body [32], which is considered a significant risk factor
for premature labor [33]. In cases of COVID-19 infection, all the
components of the immune system appear to be involved in
the immune response to reduce viral load and promote early
recovery from the illness [34]. This explains why pregnant
women with COVID-19 are more likely to give birth to preterm
babies.

We found a non-significant association between newborns’
low birth weight and the COVID-19 status of pregnant women
(Table 3). In line with our findings, a systematic review and
meta-analysis conducted by Melo and Araujo [35] found no
significant association between the COVID-19 status of preg-
nant women and the birth weight of newborns. A retrospec-
tive comparative study conducted in Hubei, China, also re-
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ported no significant difference in newborn birth weight be-
tween pregnant women with and without COVID-19 [36].

According to our study, the prevalence of intrauterine death/
stillbirth was higher among participants with COVID-19 than
among their counterparts, but the difference was not statisti-
cally significant. A study conducted using the Global Pregnan-
cy and Neonatal outcomes in COVID-19 and American Acade-
my of Pediatrics Section on Neonatal-Perinatal Medicine regis-
tries also reported that COVID-19 in pregnancy was not signifi-
cantly associated with stillbirth or intrauterine death [37].

Our study results showed that all newborns, including babies
born to COVID-19-positive pregnant women, were RT-PCR-
confirmed to be COVID-19 negative. This positive birth out-
come regarding the vertical transmission of COVID-19 aligns
with those reported in several previous studies [7,9,35,38].

Although the prevalence of pregnant women with comor-
bidities was higher in the COVID-19-positive group than in the
COVID-19-negative group, all pregnant women with comorbidi-
ties underwent CS deliveries. A study conducted in the United
States also found that the CS delivery rate was 2.66 times high-
er among pregnant women with comorbidities than among
those who did not have reported comorbidities [39].

To the best of our knowledge, our study is the first-ever in-
stance of recording babies' vital signs at birth to compare the
Apgar scores of babies born to women with and without COV-
ID-19 infection. The mean Apgar score at the first minute was
lower (7.40+1.88) among COVID-19-positive women than
among COVID-19-negative women (7.79 £ 1.33), but we did
not find any significant relationship between the 1-minute or
5-minute Apgar scores and the pregnant women (Table 4).

Strengths and Limitations

The main strength of our study is that it included a compari-
son group of COVID-19-negative pregnant women. Moreover,
the involvement of trained midwives in interviews and clinical
assessments provided a new dimension to this study. Along
with its strengths, this study has several limitations that we
should mention here. Like all other cross-sectional studies, the
nature of our study design did not allow us to establish a cause-
effect relationship between the predictor variables and out-
comes. Although we recruited samples from Bangladesh’s top
tertiary referral hospitals, the relatively small sample size and
the unmatched comparison group are the largest obstacles to
generalizing the results. Furthermore, due to movement re-
strictions during the pandemic, we could not reach peripheral
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hospitals, meaning that a significant proportion of eligible par-
ticipants remained beyond the study’s scope.

In conclusion, we found a higher chance of CS delivery and
premature birth among COVID-19-positive women. In addi-
tion, we observed that the COVID-19-positive group included
a high prevalence of older mothers, who are more vulnerable
to develop COVID-19-related complications. Our study sug-
gests that pregnant women and physicians should follow all
COVID-19 infection-related precautions to minimize adverse
birth outcomes. Attending midwives and physicians should
also provide additional care to the newborn children of the
COVID-19 positive mothers.
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