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Summary

Background In 2021, we showed an increased risk associated with COVID-19 in pregnancy. Since then, the SARS-CoV-2
virus has undergone genetic mutations. We aimed to examine the effects on maternal and perinatal outcomes of
COVID-19 during pregnancy, and evaluate vaccine effectiveness, when omicron (B.1.1.529) was the variant of concern.

Methods INTERCOVID-2022 is a large, prospective, observational study, involving 41 hospitals across 18 countries.
Each woman with real-time PCR or rapid test, laboratory-confirmed COVID-19 in pregnancy was compared with two
unmatched women without a COVID-19 diagnosis who were recruited concomitantly and consecutively in pregnancy
or at delivery. Mother and neonate dyads were followed until hospital discharge. Primary outcomes were maternal
morbidity and mortality index (MMMI), severe neonatal morbidity index (SNMI), and severe perinatal morbidity and
mortality index (SPMMI). Vaccine effectiveness was estimated, adjusted by maternal risk profile.

Findings We enrolled 4618 pregnant women from Nov 27, 2021 (the day after WHO declared omicron a variant of
concern), to June 30, 2022: 1545 (33%) women had a COVID-19 diagnosis (median gestation 36-7 weeks
[IQR 29-0-38-9]) and 3073 (67%) women, with similar demographic characteristics, did not have a COVID-19
diagnosis. Overall, women with a diagnosis had an increased risk for MMMI (relative risk [RR] 1-16 [95% CI
1-03-1-31]) and SPMMI (RR 1-21 [95% CI 1-00-1-46]). Women with a diagnosis, compared with those without a
diagnosis, also had increased risks of SNMI (RR 123 [95% CI 0-88-1-71]), although the lower bounds of the 95% CI
crossed unity. Unvaccinated women with a COVID-19 diagnosis had a greater risk of MMMI (RR 1-36 [95% CI
1-12-1-65]). Severe COVID-19 symptoms in the total sample increased the risk of severe maternal complications
(RR 2-51 [95% CI 1-84-3-43]), perinatal complications (RR 1-84 [95% CI 1-02-3-34]), and referral, intensive care
unit (ICU) admission, or death (RR 11-83 [95% CI 6-67-20-97]). Severe COVID-19 symptoms in unvaccinated
women increased the risk of MMMI (RR 2-88 [95% CI 2-02—4-12]) and referral, ICU admission, or death (RR 20-82
[95% CI 10-44—41-54]). 2886 (63%) of 4618 total participants had at least a single dose of any vaccine, and 2476 (54%)
of 4618 had either complete or booster doses. Vaccine effectiveness (all vaccines combined) for severe complications
of COVID-19 for all women with a complete regimen was 48% (95% CI 22-65) and 76% (47-89) after a booster dose.
For women with a COVID-19 diagnosis, vaccine effectiveness of all vaccines combined for women with a complete
regimen was 74% (95% CI 48-87) and 91% (65-98) after a booster dose.

Interpretation COVID-19 in pregnancy, during the first 6 months of omicron as the variant of concern, was associated
with increased risk of severe maternal morbidity and mortality, especially among symptomatic and unvaccinated
women. Women with complete or boosted vaccine doses had reduced risk for severe symptoms, complications, and
death. Vaccination coverage among pregnant women remains a priority.

Funding None.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

In 2021, we reported a consistent association between
COVID-19 in pregnancy (mostly the wild-type
SARS-CoV-2) and higher rates of adverse maternal and
neonatal outcomes when compared with pregnant
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women without a COVID-19 diagnosis.' Since our initial
report, a living systematic review and meta-analysis of
the clinical manifestations, risk factors, and maternal
and perinatal outcomes of COVID-19 in pregnancy has
been published.? This review found that pregnant women
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Research in context

Evidence before this study

COVID-19 in pregnancy (mostly SARS-CoV-2"t) is associated
with higher rates of adverse maternal and neonatal outcomes
when compared with pregnant women without COVID-19.
Although the omicron (B.1.1.529) variant is associated with a
higher risk of COVID-19 , there is little evidence regarding the
effect of omicron on pregnancy outcomes and vaccine
effectiveness in pregnant women and concomitant pregnant
controls.

Added value of this study

In a large, multinational, observational study comparing
pregnant women with a laboratory-confirmed COVID-19
diagnosis and pregnant women without such diagnosis during
the 6 months after omicron was declared the variant of
concern, we have shown that infection was associated with an
increased risk for maternal morbidity and severe complications,
mostly among symptomatic and unvaccinated women. Women

with COVID-19, compared with those without, are more
likely to deliver preterm, have an increased risk of
maternal death, and be admitted to the intensive care
unit, and that their babies are more likely to be admitted
to the neonatal intensive care unit.

The wild-type SARS-CoV-2 has also undergone several
genetic mutations that have changed the clinical and
epidemiological profile of the pandemic. The SARS-CoV-2
variant B.1.1.529 (omicron) was declared a variant of
concern by WHO on Nov 26, 2021. Early reports indicated
that omicron, although more transmissible, produces
milder disease in non-pregnant individuals than previous
variants.” However, some evidence suggests that
hospitalisation and mortality rates might be comparable
to those of other SARS-CoV-2 variants after adjusting for
confounders and vaccination status.* Additionally, there is
evidence of considerable misinformation from social
media and other sources regarding the relative risks of
COVID-19 and benefits of vaccination.*® All these issues
should be considered in the context of an increasing
community prevalence of COVID-19 and an increasing
number of patients with COVID-19 reported in European
countries.”®

Hence, the INTERCOVID-2022 Study aimed to:
examine the effects on maternal and perinatal outcomes
of COVID-19 during pregnancy, as compared with
pregnant women without a COVID-19 diagnosis,
enrolled during the first 6 months of omicron as the
variant of concern; evaluate vaccine effectiveness against
COVID-19 diagnosis, severe maternal complications,
and hospitalisation or death, as compared with non-
vaccinated pregnant women, according to vaccine type
and dose; and clarify disease risk and prevention
effectiveness to challenge misinformation in the medical
community and general public.

with severe symptoms who had obesity, or who were
overweight, were at the highest risk for both outcomes.
Vaccination effectively prevented severe symptoms and
complications, including maternal death and admission to
intensive care, if women were completely vaccinated, with
increased effectiveness if women had received a booster dose as
well. mRNA vaccines with a booster dose provided the most
effective protection against severe COVID-19 and its
complications for at least 10 months after the last dose of
vaccine, but viral vector vaccines with a booster also provided
adequate protection.

Implications of all the available evidence

Vaccinating all pregnant women, especially those who are
overweight or have obesity, with a booster dose is a public
health priority as it is very difficult to predict who is going to
develop severe symptoms and complications of COVID-19.

Methods

Study design and participants

This was a prospective, observational, cohort study
involving 41 hospitals in 18 countries (Argentina, Brazil,
Egypt, France, Indonesia, Israel, Italy, Japan, Mexico,
Nigeria, North Macedonia, Pakistan, Spain, Switzerland,
Turkiye, the UK, Uruguay, and the USA). Participating
hospitals are part of the Oxford Maternal and Perinatal
Health Institute worldwide network of research
institutions that provide routine care to several thousand
women and newborn babies every year following
standardised protocols.” These hospitals were not
selected to represent the underlying populations, rather
to enable us to enrol the maximum number of diagnosed
and concomitant non-diagnosed pregnant women in the
shortest possible time.

We enrolled, at any time during pregnancy or delivery,
women with a documented laboratory-confirmed
diagnosis of COVID-19 (real-time PCR or rapid test) who
delivered between Nov 27, 2021, and June 30, 2022, at the
participating hospitals. Live and stillborn singleton and
multiple births, and newborn babies with congenital
anomalies, were included. Mothers and their live
newborn babies were followed up until hospital discharge.
After each woman with a COVID-19 diagnosis was
enrolled, to minimise risk of bias, two unmatched women
without a COVID-19 diagnosis, as representative of the
pregnant population at each study site, were enrolled
concomitantly and consecutively, at delivery or at the
same level of care (if identified antenatally). If a woman
without a COVID-19 diagnosis did not agree to participate,
the next woman was approached until two women
without a COVID-19 diagnosis were enrolled per woman
with a diagnosis. If a woman without a diagnosis reported,
or had, a documented COVID-19 diagnosis before the
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index pregnancy, she was considered without a diagnosis
for the risk analyses but considered immunologically
exposed for the vaccine effectiveness analyses.

The Oxford Tropical Research Ethics Committee and
all local ethics committees approved the study, which did
not interfere with clinical management. Informed
consent (oral or written) was obtained from study
participants according to local requirements, except for
cases in which a local committee granted a waiver or
exemption. We adhered to the Declaration of Helsinki
and Good Clinical Practice guidelines. The study
protocol, including the laboratory tests used, has been
previously published.!

Procedures

We obtained ecological information on the predominant
variant during the study period from official reports from
catchment areas of each participating hospital. During
the study period, universal screening for pregnant women
at any hospital admission, including delivery, was
implemented in 28 (68%) of the 41 hospitals, representing
3615 (78%) of the 4618 pregnant women enrolled. The
other 1003 (22%) women were tested if they were
symptomatic or if they were asymptomatic but had had
direct contact with cases or family members of cases, or
were health-care providers, schoolteachers, front-line
public workers, or patients at high risk, according to local
protocols. If women were test-positive but asymptomatic,
they were analysed under the asymptomatic strata.

For consistency, we used the same procedures,
documentation, and data management system as in our
previous COVID-19 study.! Pregnancy, delivery, and
neonatal information was obtained from the medical
records. Gestational age estimation was on the basis of
fetal crown-rump length (<14 weeks' gestation) against the
international INTERGROWTH-21* standard,” or the best
obstetric estimate (all clinical and ultrasonography data
available at the time of delivery). Neonates' weight, length,
and head circumference at birth were assessed against the
international INTERGROWTH-21* standards."

Vaccination history was obtained from the medical
records, vaccination registries, primary care records,
maternal vaccination cards, maternal oral report, or any
other documentation or registration system. If none of
these methods provided evidence of vaccination, women
were considered unvaccinated.

For stratified, a priori determinate analyses, we
documented the type of vaccine, number of doses, and
time between the last dose received and the first (post-
vaccination) COVID-19 positive laboratory test. We
categorised women as boosted if they received three
doses of any vaccine or two doses of Ad26.COV2.S
(Janssen and Johnson & Johnson) vaccine; completely
vaccinated if they received two doses of any vaccine or
one dose of Ad26.COV2.S; partially vaccinated if they
received one dose of any vaccine other than Ad26.COV2.S,
or if they indicated they were vaccinated but did not
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provide further information; and unvaccinated if they
received no doses or vaccination status was not reported.
We grouped vaccinated women according to the type of
vaccine administered: mRNA (mRNA-1273 [Moderna] or
BNT162b2 [Pfizer-BioNTech]), inactivated virus (Ad5-
nCoV [Cansino Biologics], Coronovac [SinoVac], BBV152
Covaxin [Bharat Biotech], or BBIBP-CorV [Sinopharm]),
and viral vector (ChAdOx1-S [AstraZeneca], AZD1222
[Covishield], Ad26.COV2.S [Janssen and Johnson &
Johnson], or Sputnik [Gamaleya Institute]). If vaccine
type was missing, we imputed data on the basis of the
vaccine offered to pregnant women in the hospital’s
catchment area at the time of the study.

Outcomes
The analytical strategy was based on two sets of
comparisons: between women exposed and women not
exposed to COVID-19, and between women exposed and
women not exposed to vaccination. The primary
outcomes were the same as in our previous report:
maternal morbidity and mortality index (MMMI),
including at least one complication during pregnancy
(including  vaginal bleeding, pregnancy-induced
hypertension, pre-eclampsia, eclampsia, haemolysis,
elevated liver enzymes, and low platelet count [HELLP]
syndrome), preterm birth, or infection requiring
antibiotics, or maternal death, admission to an intensive
care unit (ICU), or referral to higher dependency care;
severe neonatal morbidity index (SNMI), including at
least one morbidity (including bronchopulmonary
dysplasia, hypoxic-ischaemic encephalopathy, sepsis,
anaemia requiring transfusion, patent ductus arteriosus,
intraventricular haemorrhage, necrotising enterocolitis,
and retinopathy of prematurity); and severe perinatal
morbidity and mortality index (SPMMI), including any
of the morbidities listed in the SNMI, intrauterine or
neonatal death, or a neonatal ICU stay of 7 days or longer.
Secondary outcomes were each component of the above
indices considered separately and included analysis of
factors associated with neonatal SARS-CoV-2 positivity.
We compared women with and without a diagnosis
according to vaccination status (all women and
unvaccinated) and COVID-19 symptoms (asymptomatic,
any related symptom, moderate symptoms, and severe
symptoms). We evaluated vaccine effectiveness against
laboratory-confirmed COVID-19 diagnosis and moderate
or severe symptomatic COVID-19 or complications
(referral, ICU admission, or death). We also used a
composite variable of disease severity and maternal
complications for the vaccine effectiveness analyses,
which included the presence of COVID-19 severe
symptoms or maternal referral, ICU admission, or death.

Statistical analysis

Sample size estimates were calculated using specialised
software” with a study design consisting of two women
without a diagnosis for each woman with a diagnosis for
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80% power with a type 1 error of 0-05 (95% CI). The
required sample size is based on the proportion of
women without a diagnosis that had an outcome, and the
estimated relative risk (RR) was calculated using Poisson
regression models. We hypothesised that the omicron
variant would have half the risk of SARS-COV-2 and
used 50% of the RR observed for each outcome among
asymptomatic pregnant women with COVID-19 from
our previous report.! The number of women diagnosed
with COVID-19 that should be enrolled for MMMI
was 536, for SNMI was 1041, for SPMMI was 468, and for
pre-eclampsia (often reported as associated with
COVID-19 diagnosis) was 1400. Hence, a pragmatic
sample size of 1500 women diagnosed with COVID-19
was the target to provide adequate power for our primary
outcomes of interest.

We described baseline characteristics (number and
percentage or mean and SD) comparing women with
and without a diagnosis, and comparing vaccinated with
unvaccinated women. We used Poisson regression
models with a log link function and robust SEs expressed
as RR (95% CI) to assess our main morbidity indices
(MMMI, SNMI, and SPMMI) as binary outcomes, as
well as pregnancy complications and specific perinatal or
neonatal events using women without a diagnosis as the
reference group. In further subanalyses we assessed
associations with number of days in ICU using negative
binomial models with robust SEs (expressed as an
incidence rate ratio and 95% CI). We set statistical
significance at p<0-05.

We adjusted all models for maternal age, country, and a
binary variable (yes or no) for any pre-existing maternal
morbidities (including diabetes, thyroid, and other
endocrine disorders; cardiac disease; hypertension;
chronic respiratory disease; kidney disease; or
tuberculosis). Models with preterm birth in the index
pregnancy as the outcome were also adjusted for previous
preterm birth.

We defined moderate COVID-19 symptoms as fever,
chest pain, or shortness of breath without a severe
symptom; and severe symptoms as admission to hospital
during pregnancy for respiratory disease or respiratory
tract infection requiring antibiotic or antiviral treatment.

In sensitivity analyses for risk, we also adjusted for
maternal educational level and maternal work outside
the home. We calculated RR (95% CI) for the strata and
outcomes above, adjusting for maternal age, pre-existing
morbidities, and being overweight or having obesity
(BMI >25 kg/km2). We also did sensitivity analyses
excluding women who delivered during the study period
but were diagnosed before Jan 1, 2022.

Vaccine effectiveness was defined as the proportionate
reduction in COVID-19 diagnoses among vaccinated
relative to unvaccinated women (1-RR; 95% CI).

As the raw data from our non-randomised,
observational design increased the risk of selection bias
due to the behaviour and risk profile of the women that

accepted vaccination, we evaluated vaccine effectiveness
adjusting RR (95% CI) for maternal age, overweight or
obesity, country, and pre-existing morbidities. In
sensitivity analyses, we also adjusted the models for
vaccine effectiveness by maternal educational level and
working outside the home.

To evaluate vaccine effectiveness over time, we plotted
Kaplan-Meier curves with the percentage of women with
the composite outcome of severe symptomatic
COVID-19, referral or ICU admission, or death from the
time of their last vaccine dose according to vaccination
status (partial, complete, mRNA vaccine with mRNA
booster, and other vaccine with mRNA booster) and type
of vaccine (mRNA, viral vector, or inactivated virus).

Role of the funding source
There was no funding source for this study.

Results

We enrolled 4618 pregnant women between Nov 27, 2021,
and June 30, 2022, of whom 1545 (33%) were diagnosed
with COVID-19: 1236 (80%) by RT-PCR and 309 (20%) by
rapid tests. The remaining 3073 (67%) women without a
diagnosis, and without any positive test during the index
pregnancy, were concomitantly and consecutively
enrolled at the same level of care; 2229 (73%) of these
women had at least one negative COVID-19 test during
pregnancy (appendix p 8). The mean gestational age at
COVID-19 diagnosis was 33-1 weeks (SD 8.7); the
median was 36-7 weeks (IQR 29-6-38-9). The mean
interval between the first positive test and delivery was
5-5 weeks (SD 8-4). Among the women who delivered
during the study period, 190 (12%) of 1545 women were
diagnosed with COVID-19 before Nov 27, 2021.

Ecological information during the study period from
official reports showed that the percentage of individuals
diagnosed with omicron in all regions increased
dramatically during December, 2021; by January, 2022,
more than 80% of the cases, in all regions studied, were
estimated by local authorities to be due to the omicron
variant.

Women with and without a diagnosis had similar
demographic  characteristics and  obstetric  or
gynaecological histories. However, there were more
smokers (116 [8%] of 1545 vs 177 [6%)] of 3073) and people
who were overweight or with obesity (758 [49%)] of 1545
vs 1390 [47%)] of 3073) women with a diagnosis, who also
had slightly fewer pre-existing morbidities (276 [18%]
of 1545 vs 614 [20%)] of 3073), than women without a
diagnosis (appendix p 2).

Women with a diagnosis, compared with those without a
diagnosis had increased risks of MMMI (RR 1-16 [95% CI
1-03-1-31]) and SPMMI (RR 1.21 [95% CI 1-00-1-46]).
Regarding the secondary endpoints, women with a
diagnosis also were at increased risk for maternal referral
to higher care or ICU admission or death (RR 1-50 [95% CI
1-01-2-21]). Women with a diagnosis, compared with
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MMMI SNMI SPMMI Preterm birth Pre-eclampsia or Maternal referral to higher
(<37 weeks' gestation)  eclampsia or HELLP care or ICU admission,
syndrome ordeath
N RR (95% Cl) N RR (95% ClI) N RR (95% ClI) N RR (95% ClI) N RR (95% ClI) N RR (95% ClI)
All pregnant women 857 . 138 402 - 612 - 218 - 95 -
Withouta COVID-19 543 1 (ref) 86 1 (ref) 252 1 (ref) 393 1 (ref) 135 1 (ref) 55 1 (ref)
diagnosis
With a COVID-19 314 116 52 1.23 150 121 219 112 83 125 40 1.50
diagnosis (1:03-1:31)* (0-88-1.71) (1-00-1-46)* (0-97-1-30) (0-97-1-62) (1-01-221)*
Asymptomatic 108 0-95 28 153 59 114 85 1.02 33 111 11 0-85
(0-79-1-14) (1-01-2:32)* (0-87-1-50) (0-82-1.27) (0-77-1-61) (0-45-1-62)
Any symptoms 206 132 24 0-99 91 126 134 120 50 136 29 211
(115-1-52)* (0-64-1-55) (1:01-1-59)* (1-00-1-44)* (1-00-1-85)* (139-3-20)*
Moderate 102 134 9 0-75 44 124 70 126 23 137 11 1.63
symptomst (112-1-61)* (0:38-1-48) (0-92-1-68) (1-00-1-58) (0-90-2:09) (0-89-2:98)
Severe symptomsi 27 2:51 2 147 11 184 13 1.54 4 2:48 14 11.83
(1-84-3-43)* (0-37-5-80) (1-02-3-34)* (0-93-2:57) (0-95-6-48)* (6-67-20-97)*
Unvaccinated 331 - 40 160 259 - 79 55
pregnant women
Without aCOVID-19 186 1 (ref) 24 1 (ref) 95 1 (ref) 155 1 (ref) 42 1 (ref) 20 1 (ref)
diagnosis
With a COVID-19 145 136 16 1.25 65 1.23 104 120 37 148 35 333
diagnosis (1-12-1-65)* (0-68-2-30) (0-91-1-65) (0-96-1-49) (0-97-2-27) (1-99-5-59)*
Asymptomatic 57 112 9 1-47 25 1-00 42 1.04 18 1-44 10 1.82
(0-86-1-46) (0-71-305) (0-65-1-54) (0-76-1-43) (0-83-2:49) (0-84-3.96)
Any symptoms 88 158 7 1-05 40 144 62 133 19 153 25 4-90
(127-1-97)* (0-47-2-32) (1-01-2-04)* (1:02-1-74)* (0-89-2:62) (2:93-818)*
Moderate 41 145 4 117 19 135 33 139 7 1.08 9 3-46
symptomst (1-09-1-95)* (0-45-3:07) (0-86-212) (1-00-1-93) (0-49-2:38) (1:71-6.98)*
Severe symptomsi 22 288 1 148 8 169 10 1.51 3 356 13 20-82
(2:02-412)* (0-18-11-95) (0-82-3-45) (0-84-2.72) (1-03-12:33)* (10-44-41-54)*
Models adjusted for maternal age, presence or absence of any pre-existing medical condition, and country. Models for preterm birth additionally adjusted for past history of preterm birth. MMMI=Maternal
Morbidity and Mortality Index. SNMI=Severe Neonatal Morbidity Index. SPMMI=Severe Perinatal Morbidity and Mortality Index. HELLP=haemolysis, elevated liver enzymes, and low platelet count. ICU=intensive
care unit. RR=relative risk. *p<0-05. tModerate COVID-19 symptoms are defined as fever, chest pain, or shortness of breath, and not showing any severe symptoms. £Severe COVID-19 symptoms are defined as
having been admitted to hospital during pregnancy for either respiratory disease or respiratory tract infection requiring antibiotic or antiviral treatment.
Table 1: Maternal and perinatal outcomes among women with and without a COVID-19 diagnosis, according to symptoms and vaccination status

those without a diagnosis, also had increased risks of
SNMI (RR 1-23 [95% CI 0-88-1-71]), preterm birth
(RR 1-12 [95% CI 0-97-1-30]), and pre-eclampsia,
eclampsia, and HELLP syndrome (RR 1-25 [95% CI
0-97-1-62]), although the lower bounds of the 95% CI
crossed unity (table 1).

The risks of the individual components of the morbidity
and mortality indices are shown in the appendix (pp 5-6).
Overall, there was a marginal, significant increase in the
risk of pre-eclampsia and eclampsia; a significant increase
of infections requiring antibiotics and number of days in
ICU; and an increase in the risk of maternal mortality but
with a very wide CI (RR 3-00[95% CI 0-50-17-93]). Similar
patterns were observed in unvaccinated women: pre-
eclampsia RR 1-54 (95% CI 1-00-2-37) and maternal
mortality RR 5-26 (95% CI 0-55-50-51). There was also an
increased risk for maternal infections requiring antibiotics,
referral or ICU admission, and fetal distress (appendix
p 5). All other secondary outcomes were non-siginficant.

The risk of MMMI significantly increased in women
with a diagnosis and the presence of any symptoms
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(RR 1-32 [95% CI 1-15-1-52]) or moderate symptoms
(RR 1-34 [95% CI 1-12-1-61]) compared with women
without a diagnosis. Compared with women without a
diagnosis, the presence of severe symptoms in women
with a diagnosis was associated with increased risks of
MMMI (RR 2-51[95% CI 1-84-3-43]), SPMMI (RR 1-84
[95% CI 1-02-3-34]), pre-eclampsia, eclampsia, or HELLP
syndrome (RR 2-48 [95% CI 0-95-6-48]), and a
substantial, significant increase in the risk of referral,
ICU admission, or death (RR 11-83 [95% CI 6-67-20-97]).

In the subgroup of unvaccinated women (n=1732),
women with a diagnosis were at an overall higher, signifi-
cant risk for MMMI and maternal referral to higher care
or ICU admission, or death, compared with women
without a diagnosis (table 1). Unvaccinated, diagnosed
women with symptoms were at an increased risk of
MMMI and maternal referral to higher care or ICU
admission, or death. Unvaccinated women with severe
symptoms were at significantly increased risks of MMMI;
pre-eclampsia, eclampsia, or HELLP syndrome; and
referral to higher care or ICU admission, or death (table 1).
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In sensitivity analyses adjusting for maternal education
(data missing in 584 [13%] of 4618 women) and work
outside the home (data missing in 347 [8%)]
of 4618 women), the estimated RRs for COVID-19-
associated maternal and neonatal morbidities were very
similar to our main results. There were 327 women that
either reported or had a documented COVID-19 diagnosis
before the index pregnancy (112 [7%)] of 1545 in the
diagnosed group; 215 [7%] of 3073 in the non-diagnosed
group). Adjusted analyses for a COVID-19 diagnosis
before the index pregnancy did not change the observed
results for maternal and neonatal outcomes.

In further sensitivity analyses, being overweight or
having obesity increased the effects of COVID-19 on
MMMI; SPMMI; pre-eclampsia, eclampsia, or HELLP
syndrome; and referral to higher care, ICU admission, or
death in the total population, and more severely so
among unvaccinated women (appendix p 2).

570 (36%) of 1577 neonates born to women with a
diagnosis were tested for SARS-CoV-2 because they
manifested clinical signs of COVID-19; of these, 70 (12%)
tested positive. We compared the risk for severe neonatal
complications in test-positive versus test-negative
neonates born to women with a diagnosis using test-
negative neonates as the reference group. The risks were
not increased for SNMI, SPMMI, or a neonatal ICU stay
of 7 days or longer among the test-positive compared
with the test-negative neonates.

None of the factors possibly related with neonatal
SARS-CoV-2 positivity (eg, gestational age at delivery,
caesarean delivery, neonatal ICU stay 7 days or longer, or
exclusive breastfeeding at discharge) were found to be
associated. Among test-positive women with test-positive
neonates, the caesarean section rate was 42% (29 of 69),
similar to test-positive women with test-negative
neonates (215 [44%)] of 593) and higher than the rate in
the women without a diagnosis (1202 [39%)] of 3102).

Overall, 2886 (62%) of 4618 enrolled women had at least
a single dose of any vaccine (1897 [66%] mRNA, 554 [19%)]
viral vector, and 376 [13%)] inactivated virus; vaccine type
was missing for 59 women and we imputed data on the
basis of the vaccine offered to pregnant women in the
hospital’s catchment area at the time of the study), whilst
1732 (38%) women were unvaccinated. Vaccination status
was missing for 19 women, and therefore these women
were included in the unvaccinated group. Of the
4618 women, 410 (9%) were partially vaccinated, 1598 (35%)
were completely vaccinated, and 878 (19%) had had booster
vaccination. Over half of all women (2476 [54%] of 4618)
had either complete or booster doses, of which 1668 (67%)
were mRNA vaccines. Four women had four doses.
117 (5%) of vaccinated women received a combination of
type of vaccines, mostly for booster doses (data not shown).

Vaccinated women tended to have a higher level of
education, be more likely to be married or cohabiting,
work more outside home, and smoke less than
unvaccinated women (appendix p 6). Vaccinated women

had more fertility treatments before the index pregnancy,
higher rates of nulliparity, and lower rates of overweight
or obesity than unvaccinated women. The rate of any
pre-existing morbidity was slightly higher in the
vaccinated group (578 [20%)] of 2886) than in the
unvaccinated group (312 [18%)] of 1732) mostly due to
higher rates of diabetes mellitus, cardiac disease,
hypertension, and kidney disease (appendix p 7). Hence,
in the vaccine effectiveness analyses, we adjusted for
maternal age, overweight or obesity, pre-existing medical
conditions, and country, and did sensitivity analyses by
maternal education and maternal work outside the
home.

The distribution of women immunised with a booster
dose was higher in the non-replicative viral vaccine group
(122 [34%] of 362) than in the mRNA vaccine group
(591 [31%] of 1897) and both were higher than the
inactivated virus vaccine group (93 [25%] of 376).
Regardless of vaccine type, vaccine effectiveness for a
COVID-19 diagnosis, even after a booster dose, was at or
below 32% even after a booster dose (table 2). Similarly,
protection against moderate COVID-19 symptoms was
fairly low: the greatest level of protection was in women
who received booster doses of mRNA (vaccine
effectiveness 54% [95% CI 34-68]).

However, vaccine effectiveness increased against
severe disease (table 2): 48% (95% CI 22-65) following a
complete (two-dose) regimen (n=1598) and 76% (47-89)
after a booster (n=878). In stratified analyses according to
vaccine type, booster mRNA vaccines (n=591) were
highly effective in preventing severe disease (vaccine
effectiveness 81% [95% CI 47-94]) after adjusting for
maternal age, overweight and obesity, country, and pre-
existing morbidities. Vaccine effectiveness for severe
disease was 60% (95% CI 2-83) among women
completely immunised with viral vector vaccines and
49% (95% CI 0-84) among women who had received
viral vector boosters. Among those completely
immunised with inactivated virus vaccines, vaccine
effectiveness for severe disease was 8% (95% CI 0-52)
and there were no cases among those with a booster dose
of inactivated viral vaccine (table 2).

We further evaluated vaccine effectiveness against severe
COVID-19 symptoms or referral, ICU admission, or death
following a laboratory-confirmed COVID-19 diagnosis
(table 2). In this sub-sample, vaccine effectiveness
increased substantially for all vaccines combined against
these severe complications: 74% (95% CI 48-87) following
a complete (two-dose) regimen and 91% (65-98) after a
booster. In stratified analyses according to vaccine type,
booster mRNA vaccines were highly effective in preventing
these severe symptoms and complications (vaccine
effectiveness 94% [95% CI 56-99]).

Vaccine effectiveness for these severe complications
among women completely immunised with viral vector
vaccines was 56% (95% CI 0-91) and with booster
vaccination was 76% (0-96). Among those completely
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All women: effectiveness All women: effectiveness All women: effectiveness Women diagnosed with
against laboratory- against moderate against severe COVID-19 COVID-19: effectiveness
confirmed COVID-19 COVID-19 symptoms* symptoms, referral for against severe symptoms,
higher care, ICU referral for higher care, ICU
admission, or deatht admission, or deatht
N VE (95% Cl) N VE (95% Cl) N VE (95% Cl) N VE (95% Cl)
All vaccines combined
Unvaccinated 632 0 (ref) 213 0 (ref) 85 0 (ref) 65 0 (ref)
Partially vaccinated 145 5% (0-18) 41 26% (0-46) 13 35% (0-64) 9 33% (0-67)
Completely vaccinated 535 9% (0-18) 171 20% (1-34)F 36 48% (22-65)% 10 74% (48-87)%
Booster vaccination 233 30% (19-39)F 71 48% (32-61)F 7 76% (47-89)% 2 91% (65-98)%
mRNA vaccine
Partially vaccinated 84 0(0-17) 18 32% (0-57) 6 35% (0-72) 5 29% (0-71)
Completely vaccinated 352 11% (0-21)F 75 41% (22-55)F 18 56% (27-74)% 6 79% (49-91)%
Booster vaccination 152 32% (20-42)% 35 54% (34-68)+ 4 81% (47-93)% 1 94% (56-99)F
Non-replicating viral vector vaccine
Partially vaccinated 39 0(0-13) 11 0 (0-40) 2 61% (0-90) 1 27% (0-89)
Completely vaccinated 94 2% (0-20) 52 0(0-4) 6 60% (2-83)F 2 56% (0-91)
Booster vaccination 56 20% (0-38) 25 25% (0-52) 3 49% (0-84) 1 76% (0-96)
Inactivated virus vaccine
Partially vaccinated 9 28% (0-61) 5 4% (0-62) 2 0 (0-70) 0 NA
Completely vaccinated 86 0(0-20) 43 0(0-8) 12 8% (0-52) 2 66% (0-93)
Booster vaccination 24 27% (0-51) 10 31% (0-66) 0 NA 0 NA
Models adjusted for maternal age, overweight or obesity, presence or absence of any pre-existing medical condition, and country. ICU=intensive care unit. VE=vaccine
effectiveness. NA=not applicable due to no cases. *Moderate COVID-19 symptoms are defined as fever, chest pain, or shortness of breath, and not showing any severe
symptoms.tSevere COVID-19 symptoms are defined as having been admitted to hospital during pregnancy for either respiratory disease, respiratory tract infection, or
requiring antibiotic or antiviral treatment. $p<0-05.
Table 2: VE (%) against laboratory-confirmed COVID-19 diagnosis, moderate and severe maternal COVID-19 symptoms, and maternal referral to higher
level of care, ICU admission, or death, according to vaccine type and regimen

immunised with inactivated virus vaccines, vaccine
effectiveness for severe disease was 66% (95% CI 0-93)
and there were no cases among those who received a
booster dose. The vaccine effectiveness results were
very similar after a sensitivity analysis, exploring
models with and without maternal education and
maternal work outside the home variables, and when
we excluded women who delivered during the study
period but were diagnosed before Nov 27, 2021, and
before Jan 1, 2022.

Importantly, there was no apparent increased risk for
vaccine side-effects for the mother, fetus, or neonate,
including congenital abnormalities, even among women
completely vaccinated during the index pregnancy. In
contrast, there was a reduction in the risk of spontaneous
and medically indicated preterm birth, most evident
among women completely vaccinated during the index
pregnancy (appendix p 7).

However, in vaccinated versus unvaccinated women,
there were higher rates of infections requiring antibiotics
(271 [129] of 2308 vs 141 [10%] of 1420) and induction of
labour (580 [25%)] of 2308 vs 287 [20%)] of 1420; appendix
p 7). This finding is most likely due to the slightly higher
proportions of diabetes, tuberculosis, and renal disease
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in vaccinated versus unvaccinated women (appendix p 6;
ie, women at increased risk were considered a priority for
vaccination and more often required induction of labour
because of underlying disease). We adjusted the results
in the appendix (p 3) for pre-existing medical conditions
in addition to excluding these women in a sensitivity
analysis. The adjusted results were very similar except
for spontaneous initiation of labour and medically
indicated preterm birth that became significant (p<0-05).
When we restricted the population to only COVID-19
diagnosed cases, there was a further reduction in the risk
of fetal distress and maternal referral or ICU admission
among vaccinated women (appendix p 5). Finally,
sensitivity analysis excluding the 327 women that either
reported or had documented a COVID-19 diagnosis
before the index pregnancy did not change the vaccine
effectiveness results.

Kaplan-Meier curves showing the risk of women
experiencing severe COVID-19 symptoms or referral, ICU
admission, or death from the time of their last dose
according to partial, complete, and boosted vaccination
and stratified for combinations of mRNA and mRNA
booster and any other vaccine and mRNA booster show
that there was a progressive increase in the cumulative risk
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Figure 1: Vaccine effectiveness against severe maternal complications or death by time after vaccination,
according to partial, complete, or booster doses during the time of omicron (B.1.1.529) as a variant of
concern (all types of vaccines combined)

Sample size differences with tables 1 and 2 are due to missing information on the date of the last vaccine dose and
type of vaccine or booster. Severe maternal complications include severe COVID-19 symptoms or referral to a
higher level of care or admission to hospital during pregnancy for either respiratory disease or respiratory tract
infection requiring antibiotic or antiviral treatment or intensive care unit admission.
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Figure 2: Vaccine effectiveness against severe maternal complications or death by time after vaccination,
according to type of vaccine during the time of omicron (B.1.1.529) as a variant of concern (all doses
combined)

Sample size differences with tables 1 and 2 are due to missing information on the date of the last vaccine dose and
type of vaccine or booster. Severe maternal complications include severe COVID-19 symptoms or referral to a
higher level of care or admission to hospital during pregnancy for either respiratory disease or respiratory tract
infection requiring antibiotic or antiviral treatment or intensive care unit admission.

for all four groups until approximately 200 days

post vaccination (figure 1). Thereafter, the cumulative risk
in completely and partially vaccinated women increased
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considerably to more than 5% after 300 days post
vaccination; the two different vaccine groups with the
mRNA booster dose remained around 3% (figure 1).

The cumulative risk of severe maternal complications
or death was low in the mRNA vaccine and the non-
replicating viral vector vaccine groups until day 275, at
which time there were slight increases. The cumulative
risk in the inactivated virus vaccine group increased after
200 days, reaching a more than 15% cumulative risk after
300 days (figure 2).

Discussion

We have shown, based on a priori stratified analyses, a
markedly increased risk from COVID-19 diagnosed in
pregnancy of maternal morbidity and mortality, perinatal
morbidity and mortality, and maternal referral to a higher
level of care or ICU admission among women with
moderate or severe COVID-19 symptoms and in women
who were overweight or who had obesity early in
pregnancy, as compared with pregnant women without a
COVID-19 diagnosis. There was a marked increased risk
for the same outcomes among symptomatic, unvaccinated
women, close to the effect seen in pregnant women before
vaccines became available.! Interestingly, the pattern of
association with pre-eclampsia, which we reported early in
the pandemic,” persisted in unvaccinated women with
considerable increased risk for women with severe
symptoms.

Reassuringly, the vaccine effectiveness of all vaccines
combined to prevent severe maternal morbidity and
referral, ICU admission, or death was 76% amongst all
women given a booster dose. The respective vaccine
effectiveness values for mRNA vaccines with a booster
dose was 81%. For women with a diagnosis, vaccine
effectiveness for the same outcomes, of all vaccines
combined, was 74% (95% CI 48-87) for the complete
regimen and 91% (65-98) after a booster dose.

Equally reassuring was that viral vector vaccines (the
second most commonly used vaccine type) had a vaccine
effectiveness against severe complications or death of
60% for all women who were completely vaccinated; for
these vaccines with a booster dose, vaccine effectiveness
for severe complications was 76% among women with a
diagnosis.

In our study, as in the general population, vaccination
during pregnancy did not prevent infection with the
omicron variant. This finding is because SARS-CoV-2
has developed considerable antigen escape, shown by its
high capacity to infect or re-infect people with a degree of
immunity.** However, complete or booster doses of the
two widely used vaccine types are highly effective in
preventing severe maternal complications and outcomes
within 10 months of the last dose.

Our work is the result of a powerful global research
strategy. Between Nov 27, 2021 (immediately after WHO
recognised omicron as a variant of concern), and
June 30, 2022, we compared a large, international cohort
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of pregnant women diagnosed with COVID-19 with a
concomitant, consecutively recruited reference group of
pregnant women without a COVID-19 diagnosis. We
used the same study sites, research methodology, and
analytical strategy as in our reports of the wild-type virus
in pregnancy,"**” but, as widely recommended, added
estimation of vaccine effectiveness according to dosage
and type of vaccine. The standardised nature of data
collection across study sites and between the first and
second data collection periods makes ours a robust set of
findings to inform patient care, education, and public
health programming.

Limitations of the study include needing to interpret
the association between severe COVID-19 symptoms
and some outcomes with caution because of the small
sample size and wide confidence intervals. The risk
profile of vaccinated women suggests some selection
bias, not because of the study design per se, rather that
pregnant women’s eligibility and willingness for
vaccination changed during the study period. Once the
risks of COVID-19 in pregnancy were acknowledged,
pregnant women ceased being considered members of
the general population at low risk because of their
age and were offered vaccination because they were
pregnant. Consequently, we adjusted vaccine effective-
ness analyses for possible confounding variables such as
medical risk profile, overweight or obesity, maternal age,
COVID-19 diagnosis before the index pregnancy, and
country, and further evaluated maternal education and
work outside the home in sensitivity analyses.

We did not collect viral genotyping data; rather, the
association with omicron was based on the time when it
was the variant of concern. Hence, as it is possible that
other variants could have caused some infections in
December, 2021, we did sensitivity analyses excluding
women enrolled before Jan 1, 2022, and found no
substantive changes in the results.

Some women without a diagnosis could have had
COVID-19 during pregnancy but were not tested, which
means they could have been cases. However, this bias
produces a more conservative estimate (the comparison
group is more like the diagnosed group) in favour of the
null hypothesis that omicron infection does not increase
the risk of complications.

No sub-Saharan sites contributed to our cohort despite
our best efforts during the preparatory phase. This is a
major limitation of our study and reduces its external
validity. Unfortunately, highly motivated collaborators
faced enormous logistical problems such as case under-
registration given that there was no large-scale testing,*
and due to reduced antenatal coverage that could not be
resolved quickly and without research funding.

We avoided wusing definitions of the clinical
severity of COVID-19 partly because pregnancy is a
unique physiological state and partly because a recent
meta-analysis highlighted considerable heterogeneity in
reporting disease severity.” Instead, we opted to
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concentrate on substantive clinical decisions such as
referral to higher care and admission to hospital or ICU.
Additionally, because this study was not funded, we did
not collect any post-discharge follow-up data for the
mother or newborn baby, which is a major limitation in
this field. The millions of pregnant women affected by
COVID-19 deserve to know the long-term implications
of the disease.

Our living review of the literature relating to the
effects of the omicron variant on pregnancy identified
nine primary reports up to Oct 10, 2022. Of these,
eight compared outcomes during the omicron phase
with earlier COVID-19 variant phases (historical
controls).®*? The last was a multi-hospital study in
New York City, NY, USA, done between December, 2021,
and February, 2022, and based on a universally tested
cohort that compared test-positive with test-negative
pregnant women.” Only preterm birth and severe
maternal morbidity were reported, with small numbers
of events. As in our report, preterm birth rates were
higher in the COVID-19 group than in the group
without a diagnosis; the pre-pandemic, generic, severe
maternal morbidity measure was similar in both groups
as opposed to our maternal morbidity and mortality
index that was increased among all strata of women
with symptomatic COVID-19.

Across the populations we studied, 1732 (37%)
of 4618 women were unvaccinated, and only 1668 (36%)
of 4618 women in the total sample were completely
vaccinated or boosted with an mRNA vaccine, which was
recommended for pregnancy in 2021 globally.” Therefore,
considerably more effort, at all levels of the health-care
system, is required to provide pregnant women with the
protection they need to confront present and future
waves of the pandemic.

Our data also have implications for research because
the US Food and Drug Administration’s independent
vaccine advisers recently recommended COVID-19
booster formulations that target the omicron variants,
specifically the BA.4 and BA.5 subvariants.” In our view,
pregnant women must be included in the assessment of
modified vaccines and prioritised for vaccination to avoid
past shortcomings.

In summary, we have shown that COVID-19 in
pregnancy during the 6 months after omicron was
declared the variant of concern was associated with an
increased risk of maternal morbidity and severe
complications mostly among symptomatic and
unvaccinated women and there was also an increased risk
of pre-eclampsia among women with severe symptoms.
As with previous variants, overweight women, or women
with obesity, with severe symptoms were at the highest
risk for morbidity and severe outcomes; vaccination had a
reduced effect in preventing the disease among pregnant
women, but it had a strong effect in preventing severe
symptoms and complications including ICU admission
and death, especially among women that were diagnosed
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with COVID-19. As it is very difficult to predict who is
going to develop severe symptoms and complications with
the exception of overweight women or women with
obesity, universal vaccination is key during pregnancy.
Vaccine effectiveness for severe presentation or
complications of COVID-19 requires complete vaccination
as a minimum, and preferably a booster as well. mRNA
vaccines had the highest vaccine effectiveness for severe
presentation or complications, but viral vector vaccines
with a booster also provided adequate protection. Lastly,
complete or booster mRNA and viral vector vaccines
provide adequate protection for severe disease and
complications of COVID-19 in pregnancy for at least
10 months after the last dose.
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