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Abstract

Objective: Coronavirus disease 2019 (COVID-19) pandemic has affected Hong Kong severely. Local data
on COVID-19 infection during pregnancy, particularly peripartum, are limited. This study aims to provide
updated data on peripartum COVID-19 infection and investigate its association with mode of delivery and
adverse obstetric outcomes.

Methods: This retrospective cohort study included term and near-term pregnant women delivered in a
public tertiary hospital in February and March 2022 during the fifth wave of COVID-19 pandemic in Hong
Kong. Those with active COVID-19 infection at delivery were compared with those without. Demographic
characteristics, vaccination status, and pregnancy outcomes were analysed.

Result: Of the 349 women included in the study, 56 had COVID-19 infection at delivery and 293 did not.
Most COVID-19 infections were mild. No significant differences in mode of delivery (p=0.589), postpartum
haemorrhage (p=0.171) and ICU admissions (p=1.000) were observed between groups. There was more
intrapartum fever in the COVID-19 group (case 26.8% vs control 3.8%, p <0.001). COVID-19 group had
longer mean maternal hospital stays (case 3.86 days vs control 3.00 days, p<0.001), mean neonatal
hospital stays (case 9.59 days vs control 3.26 days, p <0.001) and increased rate of neonatal fever (case
19.6% vs control 8.2%, p=0.009). Babies’ birth weight, Apgar scores and NICU admission rate were similar
between groups (p >0.05). There was no neonatal COVID-19 infection in the maternal COVID-19 group.

Conclusion: COVID-19 infected women appeared to deliver similarly to those without infection. There
was no significant difference in mode of delivery with or without COVID-19 infection at delivery.
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Introduction

In early 2020, the World Health Organization (WHO) declared Coronavirus Disease 19
(COVID-19) a worldwide pandemic. Public concern has been raised internationally and global
health has been burdened as well. In February 2022, Hong Kong faced a major challenge in
dealing with COVID-19 in the fifth wave, driven by the Omicron variant. COVID-19 infections
had skyrocketed among pregnant women. Active COVID-19 infection also occurred at delivery,
which increased anxiety to pregnant women and clinician about its effect.

Previous studies in the early stage of the COVID-19 pandemic in foreign countries have
suggested that COVID-19 infection in pregnancy in general is associated with an increased risk
of adverse maternal outcomes, [1,2] including maternal mortality and admission to Intensive
Care Units (ICU). Neonates born with maternal COVID-19 infection were more likely to be
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admitted to the neonatal Intensive Care Unit (NICU) [3]. Higher
caesarean section rate in COVID-19 infection has been reported in
previous studies in the early COVID-19 era, [1-6] with up to 93%
in a report in China [6]. Although there have been many studies
investigating the effects of COVID-19 infection on pregnancy, there
are relatively few studies that address pregnant women with active
infection during delivery [7]. There may be a potential impact of
acute infections, or isolated environments, on different aspects of
the delivery process, including the mode of delivery.

With the advance of COVID-19 vaccine and emerging COVID-19
virulence, we aim to provide updated data on clinical characteristics
of active COVID-19 infection at term or near-term pregnancies to
evaluate the effect on mode of delivery and adverse maternal and
perinatal outcomes of active COVID-19 infection at delivery.

Methods
Study design

This is a retrospective observational cohort study conducted in
the obstetric unit of Princess Margaret Hospital, a public tertiary
medical centre in Hong Kong, which is also an Infectious Disease
Center of the Hospital Authority. The study was carried out during
the largest community outbreak of COVID-19 infection in Hong
Kong since the COVID-19 era.

Inclusion and exclusion criteria

All pregnant women delivered in the hospital from 1% February
2022 to 31 March 2022 were screened. All pregnant women
delivering a singleton fetus =34 weeks of gestation in the period
were included. Preterm delivery was excluded as this study focused
on term and near-term pregnancies. Multiple pregnancies and
COVID-19 infections diagnosed after delivery were excluded from
this study. The cohort was divided into two groups, active COVID-19
infections (case) and non-infections (control). Active COVID-19
infection was defined as having a laboratory confirmed positive
SARS-CoV-2 PCR test within 14 days before or during delivery. Non-
COVID-19 infection control group included both never-infected
and recovered pregnant women. Recovered pregnant women had
either a recent negative SARS-CoV-2 PCR test or passed at least 14
days after the initial positive SARS-CoV-2 test.

Outcome measures

The primary outcome of this study was the mode of delivery,
specifically the caesarean section rate. Secondary outcomes were
divided into maternal and neonatal. The maternal secondary
outcomes included primary postpartum haemorrhage (i.e. 2500ml
blood loss), venous thromboembolism, ICU admissions, maternal
oxygen requirement, and length of hospital stay. The neonatal
secondary outcomes included baby birth weight, Apgar scores at
1 and 5 minutes, Neonatal Intensive Care Unit (NICU) admission,
neonatal fever, baby length of hospital stay, and positive SARS-
CoV-2 test result.

Data collection

Eligible cases were identified from delivery records in the
delivery suite. Their computerised and written medical notes
were reviewed retrospectively. The corresponding computerised
neonatal records were also reviewed. Patient demographics,
clinical characteristics, COVID-19 vaccination status and pregnancy
and neonatal outcomes were collected and analysed.

Severity of COVID-19 infection was categorized into 4 levels
according to signs and reported symptoms, i.e. asymptomatic, mild,
moderate and severe. Asymptomatic disease refers to positive SARS-
CoV-2 test results but no symptoms. Mild disease was defined as
having afebrile upper respiratory tract symptoms, including cough,
sore throat, sputum, rhinorrhoea, with or without other somatic
symptoms, e.g. Myalgia, headache, vomiting etc. Moderate disease
was defined as new onset fever with or without upper respiratory
tract symptoms. Severe disease was defined as having shortness of
breath or desaturation (i.e. oxygen saturation <94% in room air),
with or without fever or upper respiratory tract symptoms.

First trimester ultrasounds were done to confirm the
gestational dates of pregnant women. Only the pre-pregnancy
BMI was adopted. It would be classified as missing data if the pre-
pregnancy BMI was not available. In our unit, pregnant women
with risk factors for gestational diabetes received an Oral Glucose
Tolerance Test (OGTT). Blood glucose levels were checked at
fasting and two hours after 75g glucose loading. Fasting glucose
25.1mmol/L or glucose at 2 hours =8.5mmol/L were diagnostic
for gestational diabetes. OGTT was repeated at 28 weeks if at-risk
women had their first OGTT normal before 24 weeks. There was a
universal Group B Streptococcus screening for all pregnant women
at 35-37 weeks of gestation. Intrapartum antibiotic prophylaxis
would be given to all Group B Streptococcus carriers and preterm
deliveries.

During the study period, the hospital adopted a compulsory
universal admission screening policy for SARS-CoV-2 PCR test
by performing nasopharyngeal swabs and throat swabs for all
emergency and elective admissions. SARS-CoV-2 positive pregnant
women were admitted to an isolated COVID-designated delivery
suite with positive pressure ventilation. They were kept in the
same delivery suite prior to, during and after delivery. Dedicated
midwives were responsible for providing care in the isolated
delivery suite. Cardiotocography (CTG) was monitored centrally
in each labour room. Personal protective equipment, including a
face shield, N95 respirator mask, gloves, and isolation gown, was
required before contact with COVID-19-infected individuals. Mode
of delivery for pregnant women was based on obstetric and medical
indications. Following birth, newborn babies were evaluated by a
paediatrician and admitted to a neonatal ward designated for
babies born from mothers with COVID-19 infection. COVID-19-
infected mothers were then separated from their newborn babies
with no direct contact between the two. Direct breastfeeding was
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prohibited. After discussing the risks and benefits with the mother,
expressed breast milk would be considered with appropriate
precautions for expression, transportation and storage. Mothers
were encouraged to mobilise and to stay hydrated to reduce the
risk of thromboembolism. Mothers at high thromboembolic risk
were counselled for prophylactic low molecular weight heparin use
during their hospital stay. COVID-19-infected mothers would be
discharged to community isolation facilities if they remained stable
clinically. If neonatal fever was detected at birth, Pediatricians
would follow the same work-up protocol, in which, ear swab and
blood would be saved for culture and complete blood count and
C-reactive protein would be checked. Penicillin and gentamicin
would be given as empirical antibiotics. Antibiotic duration
depended on several factors, including the infection risk, the level of
C-reactive protein, and the blood culture result. Three sets of SARS-
CoV-2 PCR tests for newborns by nasopharyngeal swabs and throat
swabs were carried out within 24 hours of life, 24 to 48 hours later
and before discharge with at least 24 hours apart from the second
set. The baby would be discharged from the hospital when all SARS-
CoV-2 PCR tests were negative for COVID-19 infection and could be
cared for by a non-infected caregiver.

Ethics approval

This study was approved by the Central Institutional Review
Board of the Hospital Authority [Ref. no: KW/EX-22-031 (170-
07)]. The review board waived the requirement of patient consent.

Personal data was not used during data retrieval. All the data was
in electronic format and encrypted.

Statistical analysis

Data analysis was performed with IBM® SPSS® software
version 27. Continuous variables are presented as the mean and
Standard Deviation (SD). Categorical variables are presented as
numbers (n) and percentages (%). Missing data were excluded
from the analysis. Chi-square test, Fisher’s exact test and the
independent two-sample T-test were used for analysis. Differences
were considered significant when the p-value was <0.05.

Result

A total of 355 singleton pregnancies were delivered during
the study period. Six pregnant women were excluded from the
study. Three had preterm deliveries before 34 weeks-and three had
COVID-19 infection diagnosed in the postnatal period. The study
included 349 singleton pregnancies, divided into two groups: those
with COVID-19 infection at delivery (56/349) and those without
(293/349) (Figure 1). The non-COVID-19 infection group consisted
of 278 pregnant women who never had COVID-19 infection, and
15 who recovered from COVID-19 infection. The prevalence of
COVID-19 infection in this study among pregnant women delivered
at term and near-term during the outbreak period was 16.05%
(56/349).

355 singleton pregnancies delivered

3 preterm deliveries <34 weeks |«

»| 3 diagnosed COVID-19 postnatally ]

349 singleton pregnancies included

\ 4

A\ 4

56 Active COVID-19 infection

293 Non-CQOVID-19 infection ]

\ 4 \ 4

15 Recovered from
COVID-19 infection

COVID-19 infection

278 Never had ]

Figure 1: Flowchart for case ascertainment.

The maternal demographic characteristics, medical
comorbidities, obstetric conditions and COVID-19 vaccination
status were listed in (Table 1). Missing data were due to incomplete
records. There were no significant differences between COVID-
19-infected and non-COVID-infected groups, except for education

level (p = 0.048) (Table 1). Majority in both groups received the

BioNTech mRNA vaccine (case 63.2% vs control 81.6%, p=0.151)
and most of them had received two doses (case 73.7% vs control
67.8%, p=0.557). The mean interval between COVID-19 vaccination
and delivery was 8.37 months and 7.11 months in the COVID-19
infection group and non-COVID-19 infection group respectively
(p=0.104).
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Table 1: Maternal characteristics between COVID-19 group and non-COVID-19 group.

Note: Values are presented as mean (Standard deviation SD) for continuous variables and as n (Percentage %) for
categorical variables

*BMI missing for 2 cases in COVID-19 group and for 1 case in non-COVID-19 group.
tEducation level missing for 1 case in COVID-19 and non-COVID-19 group respectively.

$Smoking status missing for 1 case in non-COVID group.

Maternal Characteristics COVID-19 Group (n=56) Non-COVID-19 Group (n=293) P-value
Age (years) 31.95 (4.945) 31.84 (4.831) 0.876
BMI (kg/m2)* 23.26 (4.004) 22.69 (4.610) 0.395
Gestation (weeks) 38.57 (1.333) 38.75 (1.364) 0.375
Parity
Nulliparous 21 (37.5%) 145 (49.5%) 0.100
Multiparous 35 (62.5%) 148 (50.5%)
Previous caesarean delivery
0 48 (85.7%) 262 (89.4%)
0.239
1 8 (14.3%) 25 (8.5%)
>1 0 6 (2.0%)
Ethnicity
East Asian (Chinese, Korean) 45 (80.4%) 255 (87.0%)
South Asian (Indian, Pakistani, Nepalese) 8 (14.3%) 27 (9.2%) 0.548
Southeast Asian (Indonesian, Filipino, Thai) 3 (5.4%) 10 (3.4%)
Caucasian 0 1(0.3%)
Educationt
Primary 5(9.1%) 9 (3.1%) 0.048
Secondary 31 (56.4%) 146 (50.0%)
Tertiary 19 (34.5%) 137 (46.9%)
Housing
Public rented housing 30 (53.6%) 136 (46.4%) 0.250
Private housing 18 (32.2%) 136 (46.4%)
Others (eg. Tong Lau, walled village) 8 (14.3%) 21 (7.2%)
Smoking statusi
Non-smoker 53 (94.6%) 251 (86.0%) 0.169
Ex-smoker 2 (3.6%) 35 (12.0%)
Active smoker 1(1.8%) 6 (2.1%)
Maternal pre-existing medical comorbidities
None 50 (89.3%) 235 (80.2%) 0255
Single 5 (8.9%) 52 (17.7%)
Multiple 1(1.8%) 6 (2.0%)
Respiratory diseas.e (other than COVID-19 3 (5.4%) 13 (4.4%) 0.729
disease)
Thyroid disease 3 (5.4%) 23 (7.8%) 0.781
Autoimmune disease 0 2 (0.7%) 1.000
HIV 0 1 (0.3%) 1.000
Neurological disease 0 6 (2.0%) 0.595
Psychiatric disease 1 (1.8%) 17 (5.8%) 0.327
Hypertensive disease 0 1(0.3%) 1.000
Diabetes mellitus 0 2 (0.7%) 1.000
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Obstetric condition (including GDM, GBS carrier, gestational hypertension/pre-eclampsia)
None 38 (67.9%) 179 (61.1%)
Single 15 (26.8%) 100 (34.1%) 0.563
Multiple 3 (5.4%) 14 (4.8%)
Diagnosed Gestational Diabetes Mellitus 9 (16.1%) 44 (15.0%) 0.840
Known Group B Streptococcus carrier 10 (17.9%) 63 (21.5%) 0.539
Gestational Hypertension / Pre-eclampsia 2 (3.6%) 22 (7.5%) 0.394
Epidural analgesia 0 19 (6.5%) 0.053
COVID-19 Vaccination status
Yes 19 (33.9%) 87 (29.7%) 0.528
No 37 (66.1%) 206 (70.3%)
Type of COVID-19 Vaccine
BioNTech 12 (63.2%) 71 (81.6%)
Sinovac 7 (36.8%) 15 (17.2%) 0.151
BioNTech + Sinovac 0 1(1.1%)
Doses of COVID-19 Vaccine
1 dose 5 (26.3%) 23 (26.4%)
2 doses 14 (73.7%) 59 (67.8%) 0.557
3 doses 0 5 (5.7%)
Time Interval of COVID-19 Vaccine to delivery
< 6 months 2 (10.5%) 18 (20.7%) 0.517
> 6 months 17 (89.5%) 69 (80.2%)

Primary and secondary outcomes

No significant difference in the mode of delivery was observed
between COVID-19 infected and non-COVID-19 infected groups
(p=0.589) (Table 2). Caesarean section rate, including primary
caesarean section, was not increased in the active COVID-19 group.

Also, there were no significant differences in the indications for
caesarean sections between the two groups (Table 3). The overall
rate of labour induction also did not differ significantly between
groups (case 39.3% vs control 48.8%, p=0.247). There were no
significant differences in the indications for labour induction either
(Table 4).

Table 2: Outcomes in COVID-19 vs non-COVID-19 group.

Note: *Apgar score at 1 and 5 minute missing in 4 cases.

COVID-19 Group (n=56) Non-COVID-19 Group (n=293) P-value
Mode of delivery
Normal vaginal delivery 42 (75.0%) 203 (69.3%) 0.589
Instrumental delivery 6 (10.7%) 31 (10.6%)
Caesarean section 8 (14.3%) 59 (20.1%)
Primary Caesarean section 3 (5.4%) 37 (12.6%) 0.118
Induction of labour 22 (39.3%) 143 (48.8%) 0.191
Maternal outcomes
Intrapartum fever 15 (26.8%) 11 (3.8%) <0.001
Primary postpartum haemorrhage (ie. =2 500ml) 5(8.9%) 47 (16.0%) 0.171
Blood loss (ml) 273.21 (217.62) 318.87 (278.92) 0.247
Maternal oxygen requirement 0 0 -
Venous thromboembolism 0 0 -
ICU admission 0 2 (0.7%) 1.000
Length of hospital stay (days) 3.86 (1.986) 3.00 (1.623) <0.001
Neonatal outcomes
Birth weight (g) 3141.07 (435.18) 3152.90 (457.82) 0.858
Invest Gynecol Res Women'’s Health Copyright © Cheryl Tam
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Apgar score at 1 minute* 8.58 (1.07) 8.78 (0.82) 0.126
Apgar score at 5 minute* 9.85 (0.46) 9.86 (0.46) 0.428
Neonatal fever 11 (19.6%) 24 (8.2%) 0.009
COVID-19 infection before discharge 0 0 -
NICU admission 2 (3.6%) 7 (2.4%) 0.641
Length of hospital stay (days) 9.59 (12.60) 3.26 (6.52) <0.001
Table 3: Indications of Caesarean section in COVID-19 vs non-COVID-19 group.
COVID-19 Group (n=8) non-COVID-19 Group (n=59) P-Value
Previous Caesarean section 5(62.5%) 20 (33.9%) 0.138
Foetal distress 1(12.5%) 4 (6.8%) 0.482
Failed induction of labour 1(12.5%) 14 (23.7%) 0.672
Cephalopelvic disproportion 1(12.5%) 6 (10.2%) 1.000
Malpresentation 0 7 (11.9%) 0.586
Placenta praevia 0 5(8.5%) 1.000
Chorioamnionitis 0 1(1.7%) 1.000
Bad obstetric history 0 2 (3.4%) 1.000
Maternal request 0 0 -
Table 4: Indications of labour induction.
COVID-19 Group (n=22) non-COVID-19 Group (n=143) P-Value
Prelabour rupture of membrane 10 (45.5%) 68 (47.6%) 0.854
Suboptimal CTG 4 (18.2%) 8 (5.6%) 0.057
Gestational hypertension / Preeclampsia 3 (13.6%) 5(3.5%) 0.074
Gestational diabetes mellitus 1 (4.5%) 15 (10.5%) 0.698
Past term 2(9.1%) 17 (11.9%) 1.000
Small for gestational age 1(4.5%) 10 (7.0%) 1.000
Large for gestational age 0 9 (6.3%) 0.609

For secondary maternal outcomes, there were no significant
differences in the percentages of primary postpartum haemorrhage
(case 8.9% vs control 16.0%, p=0.171) and ICU admission (case 0%
vs control 0.7%, p=1.000). There were no pregnant women requiring
oxygen. None of them had venous thromboembolism. There was a
higher rate of intrapartum fever for active COVID-19 infected group
(case 26.8% vs control 3.8%, p <0.001), which was likely related to
the symptomatology of COVID-19 infection. There was no statistical
difference in the epidural analgesia rate between active COVID-19
group and non-infected group (p=0.053).

Active COVID-19 infected women had significantly longer
hospital stays (mean 3.86 days for case vs mean 3.00 days for
control, p <0.001). The longer maternal hospital stay was also
associated with the presence of intrapartum fever (mean 4.31 days
with fever vs 3.05 days without, p <0.001).

For secondary neonatal outcomes, there were no significant
differences in birth weight, Apgar score at 1 and 5 minutes and
NICU admission between the active maternal COVID-19 infection
group and non-COVID-19 infection group (Table 2). Four Apgar
scores were not available for analysis because the babies were born
before arriving at the hospital. Baby’s hospital stay was significantly
longer in the active maternal COVID-19 infection group (mean

9.59 days for case vs mean 3.26 days for control, p <0.001). There
was a higher neonatal fever rate in the active maternal COVID-19
infection group (19.6% vs 8.2% in the control group, p=0.009). It
correlated with a higher maternal intrapartum fever rate among
actively infected mothers (p <0.001). However, the longer neonatal
hospital stay did not correlate with neonatal fever (mean 4.63
days with fever vs 4.24 days without, p=0.788). No neonates were
infected with COVID-19 disease. Septic work-up on all neonates
with fever was negative. In the COVID-19 infection group, there
were two neonates (3.57%) requiring oxygen support and two
(3.57%) requiring CPAP support after delivery. No neonates needed
invasive ventilation support in the COVID-19 infection group.

Maternal COVID-19 symptomatology

The common clinical manifestations of COVID-19 infection in
pregnant women in this study were cough (n=27, 48.2%), fever
(n=19, 33.9%) and sore throat (n=19, 33.9%). Other reported
symptoms included sputum (n=9, 16.1%), headache (n=4, 7.1%),
vomiting (n=2, 3.6%), myalgia (n=2, 3.6%), and rhinorrhea (n=1,
1.8%). Eighteen (32.1%) infected pregnant women remained
asymptomatic. Nineteen (33.9%) infected pregnant women had
mild disease and Eighteen (32.1%) infected pregnant women had
moderate disease. Only 1 infected pregnant woman had shortness
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of breath and was classified in the severe group in this study. No
infected individuals were reported to have desaturation.

Effect of COVID-19 vaccination

In this study, COVID-19 vaccination uptake was 30.37%
(106/349). In the vaccinated group, asymptomatic, mild, moderate
and severe diseases were observed in 26.3% (n=5), 42.1% (n=8),

26.3% (n=5) and 5.3% (n=1) respectively. In the unvaccinated
group, these were respectively 35.1% (n=13), 29.7% (n=11), 35.1%
(n=13) and 0% (n=0). It was found that COVID-19 infection severity
did not differ significantly between vaccinated and unvaccinated
pregnant women (p=0.433). Between the COVID-19 vaccinated and
unvaccinated groups, there were no significant differences in mode
of delivery, and adverse maternal and neonatal outcomes (Table 5).

Table 5: Subgroup analysis-Outcomes in COVID-19 Vaccinated vs Unvaccinated group.

Note: *Apgar score at 1 and 5 minute missing in 4 cases.

Vaccinated Group (n=106) Unvaccinated Group (n=243) P-Value
Mode of delivery

Normal vaginal delivery 71 (67.0%) 174 (71.6%)
Instrumental delivery 10 (9.4%) 27 (11.1%) 0378

Caesarean section 25 (23.6%) 42 (17.3%)
Primary Caesarean section 15 (14.2%) 25 (10.3%) 0.298
Induction of labour 47 (44.3%) 118 (48.6%) 0.468

Maternal Outcome
Intrapartum fever 4 (3.8%) 22 (9.1%) 0.084
Primary postpartum haemorrhage (ie. 2500ml) 19 (17.9%) 33 (13.6%) 0.295
Blood loss (ml) 345.28 (341.28) 296.83 (231.67) 0.124
Maternal oxygen requirement 0 0
Venous thromboembolism 0 0
ICU admission 0 2 (0.8%) 1.000
Length of hospital stay (days) 3.13 (1.70) 3.14 (1.73) 0.952
Neonatal Outcome

Birth weight (g) 3114.25 (466.32) 3167.04 (448.08) 0.318
Apgar score at 1 minute* 8.70 (0.88) 8.76 (0.86) 0.543
Apgar score at 5 minute* 9.82 (0.59) 9.86 (0.41) 0.454
Neonatal fever 10 (9.4%) 25 (10.3%) 0.807
NICU admission 3 (2.8%) 6 (2.5%) 1.000
Length of hospital stay (days) 4.75 (10.08) 4.07 (7.14) 0.47

Discussion

The study found no statistically significant differences in
the mode of delivery during active COVID-19 infection at term
or near-term. There was no statistically significant increase in
adverse delivery outcomes. The finding was consistent with a
previous small retrospective study studying active infected and
recovered pregnant women [7]. An earlier larger retrospective
cohort study found that the increase in caesarean section rate
was associated with moderate or severe COVID-19 disease [1].
Our study group had milder COVID-19 disease severity, which
may explain why caesarean section rates were not different. On
the other hand, previous meta-analysis suggested that the rate
of caesarean delivery was not explained solely by the severity of
maternal disease or fetal compromise [4]. The indications for
caesarean section in our cohort were therefore investigated. One
cross-sectional study had suggested that the increased caesarean
section during the pandemic was mainly due to maternal requests
[5]. In the previous study in China, 61% of the caesarean sections

performed for COVID-19 infected pregnant women were caused by
concern over the effects of COVID-19 infection on pregnancy [6]. In
our unit, the mode of delivery was mainly based on obstetric and
clinical conditions, which per se did not seem to impact the mode
of delivery significantly.

The length of hospital stay for active-COVID-19 mothers was
longer. It may be explained by the presence of maternal intrapartum
fever, which required time for investigations and treatment. If
fever or severe symptoms persist, a longer hospital stay may be
necessary until symptoms subside. In addition, COVID-19 infected
individuals had to be transferred to community isolation facilities
or home isolation during the pandemic. Additional arrangements
were needed to comply with the isolation policy, which likely
lengthened the hospital stay. Longer hospital stays for babies from
COVID-19 infected mothers was observed. It could be explained by
the isolation policy implemented during the COVID-19 pandemic.
Newborns of COVID-19 infected pregnant women were transferred
to the Pediatric unit for isolation and repeated SARS-CoV-2 tests
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after birth, prolonging their hospital stays. This neonatal isolation
policy was in place because of the unknown risk of transplacental
transmission. In this study, there was no vertical transmission of
SARS-CoV-2 infection to neonates, which was also consistent with a
previous study showing a rare risk of vertical transmission of SARS-
CoV-2 to offspring [8]. Therefore, it could be considered to shorten
hospital isolation for neonates, or home isolation with uninfected
family members. This finding may help policy makers allocate
resources more effectively.

The signs and symptoms of COVID-19 infection in term or near-
term pregnancies in this study were also consistent with another
study [9], with the most common presentations being cough and
fever. This could explain a statistically significant increase in
intrapartum fever in the active COVID-19 infection group. It was
noted that the majority of infected pregnant women had mild
disease. The disease course was less severe than in previous studies
published in the early stages of COVID-19 pandemic [1,2]. It could
be related to the difference in variant strains of SARS-CoV-2 virus.
A previous retrospective multicenter study had suggested that
different variants of SARS-CoV-2 virus had different associations
with adverse maternal outcomes, with the SARS-CoV-2 Delta variant
associated with higher rates of severe maternal comorbidities [10].
During the fifth wave of COVID-19 pandemic in Hong Kong, it was
reported that the Omicron variant was more prevalent than other
variants [11]. This may explain the milder disease course in this
study compared with previous literature.

Some previous studies suggested that CTG changes were
observed during maternal COVID-19, including a rise in baseline
foetal heart rate, loss of accelerations and decelerations [12,13].
It was postulated to be related to the effects of maternal pyrexia.
Despite CTG changes, there was no significant difference in the
rate of labour induction for suboptimal CTG between groups in this
study. Also, the overall rate of labour induction in both groups did
not differ significantly.

Although the government had been advocating COVID-19
vaccination, the uptake in this cohort was lower than expected.
It was likely because of limited data on vaccination safety in
the early days of the pandemic. In subgroup analysis, both
vaccinated and unvaccinated pregnant women showed similar
symptomatology and severity of COVID-19 infection. However,
our cohort was relatively small and most of our cases were on the
mild spectrum of the disease. The effect of COVID-19 vaccination
may be underestimated. In addition, a previous systematic review
suggested that the COVID-19 vaccine efficacy or effectiveness
decreased by 6 months [14]. In our cohort, the mean interval
between vaccination and delivery was 7-8 months, which may also
account for the similarity in symptomatology and severity between
vaccinated and unvaccinated groups. On the other hand, we did not
see more maternal or neonatal adverse events in the vaccinated
group, which was consistent with the findings in previous
systematic reviews [15,16]. This helps address the concern of
pregnant women towards COVID-19 vaccination.

Strengths and limitations

This study provided the most updated local data on maternal
COVID-19 infection and vaccination, which could help tailor policy
making. The data support a cautious return to normalcy. It helps
alleviate the disproportional anxiety suffered by the community
at large from its severe dread of COVID-19 infection carved by
negative reports in the early days of the pandemic, which was
predominated by a different variant strain of SARS-CoV-2 virus.
In addition, this study focused on peripartum COVID-19 infection
in pregnant women, which not many studies have investigated. It
should be of interest to most pregnant women as term and near-
term deliveries account for the majority of births.

This study has several limitations. The major limitation is the
small sample size. This study was conducted in a single centre,
which affected its generalizability as well as its sample size. The
statistical power was constrained by the sample size. According to
epidemiologic data from the Department of Health in Hong Kong,
the COVID-19 infection case number fell rapidly from April 2022
[17]. Our unit also saw the same epidemiologic pattern. Multicenter
recruitment can be considered in future research to increase
sample size.

The other limitation would be missing data due to the
retrospective study design. Potential COVID-19 cases could be
missed if they were infected before or during labour but only
showed positive COVID-19 test results after delivery.

Since this study only included near-term to term pregnant
women, it could not investigate other potential pregnancy
complications happening earlier in pregnancy, e.g. Preterm delivery
<34 weeks, early-onset pre-eclampsia, and early-onset fetal growth
restriction, which were also reported in previous studies [2,18].
Another focused study on preterm COVID-19 infection would be
worth exploring. Although this study showed that active COVID-19
infected pregnant women likely would not suffer from more adverse
outcomes in the peripartum period, the potential psychological
impact of labour in the pandemic was not assessed. The stress of
giving birth in an isolation facility could be overwhelming. Also,
the impact of severe maternal COVID-19 infection could not be
assessed as the cases in this study were relatively mild.

Conclusion

There were no significantdifferences in the mode of delivery,and
obstetric outcomes for pregnant women who had active COVID-19
infection peripartum during the most recent wave of the pandemic
at or near term, compared with uninfected pregnant women.
Specifically, there was no difference in the caesarean section rate
in the active COVID-19-infected group. The majority of COVID-19-
infected pregnant women had a mild to moderate disease course,
and none required invasive ventilation or ICU admission. There was
no vertical transmission of COVID-19 infection.
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