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sources, and a common R script was developed. Initially, crude and adjusted relative
risks (aRR) with 95% confidence intervals (Cl) were calculated to assess adverse out-
comes in pregnant women with and without COVID-19 in each data source. Estimates
were stratified by trimester at infection and hospitalization status. Subsequently, data
were pooled using a random-effects meta-analysis.

Main Results: Data from 10 sources across seven countries contributed to the
meta-analysis, including 86210 pregnant women diagnosed with COVID-19, of
whom 4.4% were hospitalized. Non-hospitalized pregnant women with COVID-19
had no increased risks of adverse outcomes compared to pregnant women with-
out COVID-19. However, hospitalized women with COVID-19 in each trimester had
higher risks of cesarean section, preterm birth, and LBW compared to pregnant
women without COVID-19. Hospitalization due to COVID-19 in the third trimes-
ter was associated with increased risk of stillbirth (aRR 5.90, 95% Cl: 2.22-15.71,
I>=0%). First-trimester hospitalizations due to COVID-19 did not show heightened
risks of GDM (aRR 2.08, 95% Cl: 0.93-4.64, I>=65%), pre-eclampsia (aRR 1.79,
95% Cl: 0.48-6.66, 1>=71%), or major congenital anomalies (aRR 1.30, 95% Cl:
0.55-3.06, I*=0%).

Conclusions and Relevance: COVID-19 requiring hospitalization is associated with
adverse pregnancy outcomes, emphasizing the need to prevent severe illness during
pregnancy. This study also highlights the importance of international collaboration for

gathering pregnancy data and shows that building global research networks is essen-
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1 | INTRODUCTION

The COVID-19 pandemic brought unprecedented challenges to
global healthcare systems, profoundly affecting most facets of
public health.! Among the populations significantly affected by this
virus were pregnant women.? As the pandemic unfolded, emerging
evidence pointed towards heightened risks and complications asso-
ciated with COVID-19 during pregnancy.3’4 Understanding the im-
plications of COVID-19 on pregnancy-related outcomes is essential
for informed clinical decision making and development of targeted
interventions. However, the variability in disease severity among af-
fected women poses a significant challenge to comprehensively as-
sessing the impact on maternal and fetal outcomes.

While existing studies have shed light on the association be-
tween COVID-19 and adverse pregnancy outcomes, many have
not systematically stratified their analyses based on disease se-
verity. COVID-19 severity was provided for 8.8% of pregnant
women included in a systematic review and meta-analysis from
the year 2021.% This omission potentially undermines the accuracy
of reported findings and limits the generalizability of conclusions
drawn. As COVID-19 manifests with a wide spectrum of clini-
cal presentations, ranging from asymptomatic or mild to severe

tial for responding to future health crises.

adverse outcomes, COVID-19, hospitalization, international collaboration, meta-analysis,

respiratory distress requiring hospitalization, the differences in
impact on maternal and fetal health outcomes becomes increas-
ingly apparent.’

Recognizing this gap in knowledge, our international col-
laborative effort, the COVID-19 infection and medicines in
pregnancy (CONSIGN) project, undertaken within the EU
Pharmacoepidemiology and Pharmacovigilance (PE&PV) Research
Network and funded by the European Medicines Agency (EMA),
aimed at elucidating the relationship between COVID-19 severity
and pregnancy-related adverse outcomes. Within the CONSIGN
project, we conducted a prospective two-stage individual partici-
pant data (IPD) meta-analysis of studies with similar protocols and
settings that utilized secondary data.®"® Our objective was to assess
the impact of COVID-19 on pregnancy-related outcomes, distin-
guishing between pregnant women managed in primary care and

those needing hospital admission.

2 | METHODS

We conducted a prospective two-stage IPD meta-analysis, combining
findings from various data sources utilizing secondary administrative

85UB017 SUOLULIOD AR 3|1 [dde 3Ly Aq pausenoh a1 SSpIe YO 98N JO s3I 10} AReig 1T 8UIIUO AB]IA UO (SUORIPUOD-pUR-SLLBYW0D" 2 |1 ARe1q 1pU1IUO//SANY) SUORIPUOD PUe SIS L 8U) 89S *[9202/20/20] U0 AriqIT8ullUO A8]IM ‘20UB|[0X3 9180 PUE UIIESH 0} 2niisul uoieN ‘301N Ad #6902 0BI1/200T 0T/10p/wod" A |imAriqipuliuo ukBaoy/sdny wouy pepeojumoa ‘0 ‘6Lr7E6.8T



de BRUIN ET AL.

LOGY,

and electronic health record (EHR) data or medical claims data. The
study is registered in the HMA-EMA catalog of real-world data studies
with the identifier EUPAS40317, and the protocol and statistical analy-
sis plan (SAP) are available online.® We adhered closely to PRISMA-IPD

and Cochrane guidelines for prospective meta-analysis.”*

2.1 | Study selection processes

EMA and CONSIGN leadership, in collaboration with the
International Coalition of Medicines Regulatory Authorities
(ICMRA), engaged with the U.S. Food and Drug Administration
(FDA) and Health Canada to promote international cooperation
on research on COVID-19 in pregnancy.“’12 Data sources were
accessed through regulatory authorities and direct communica-
tion among researchers, rather than with a systematic search.®”
Eligibility criteria included access to population-based data ca-
pable of identifying start and end dates of pregnancies, and link-
ing them to COVID-19 records, hospitalization and diagnostic
codes, and medication use. Compliance with the CONSIGN EHR
study protocol (EUPAS39438) was mandatory, either fully or par-
tially.6~81314 Data sources had to provide SAPs and additional ma-
terials for review, followed by meetings to assess whether they
met the eligibility criteria for the meta-analysis.

2.2 | Dataitems

To standardize data semantics for this meta-analysis, we reviewed
protocols, codebooks, and definitions of populations, exposures,
outcomes, and covariates across data sources. The study population
comprised pregnant women diagnosed with COVID-19 during preg-
nancy from January 2020 to the latest available data from each data
source. Whenever feasible within the data source, this exposed co-
hort was appropriately matched to a comparator cohort of pregnant
women without COVID-19 based on pregnancy trimester at infec-
tion (pregnancy start within +14 days of exposed cohort), calendar
month of COVID-19 infection, and maternal age. If matched, unin-
fected women were assigned the index date of the corresponding
COVID-19 diagnosis in the matched individual.

Outcomes of interest were categorized into maternal, preg-
nancy, and neonatal outcomes that included: maternal death,
gestational diabetes (GDM), pre-eclampsia, cesarean section,
preterm birth, stillbirth, neonatal death, low birth weight (LBW),
small for gestational age (SGA), and major congenital anomalies
(Table $2).1°72% Covariates of interest encompassed maternal age,
trimester of pregnancy, calendar month of COVID-19 diagnosis,
hospitalization status, medical conditions associated with severe
COVID-19, and conditions associated with obstetric complications
(Table S3). Non-hospitalized women had a positive COVID-19 test
or diagnosis without requiring hospitalization for COVID-19 within
four weeks. Hospitalized women had a COVID-19 positive test
or complication recorded in hospital diagnostic fields. However,

TRICS

those diagnosed with COVID-19 near delivery or hospitalization
for obstetric reasons, without codes indicating severe symptoms,

were excluded.

2.3 | Data collection process

A common R-script, aligned with the ConcePTION common data
model (CDM) structure, was developed for data sources participating
in the CONSIGN EHR study, with the exception of Karolinska Institutet
in Sweden, which developed SAS script based on the common R-script
for their analysis.?* This common R-script, along with the SAP, code
lists for outcomes and exposures, covariates, and definitions of risk
windows, was distributed to all other eligible data sources. They uti-
lized this material to locally generate results, either through R or SAS.
Each data source provided aggregated results, including counts, pro-
portions, and effect estimates, in predefined shell tables.

2.4 | Synthesis methods

Initially, we computed crude and adjusted relative risk (RR) with
95% confidence intervals (Cl) for adverse outcomes in pregnant
women with COVID-19 and without COVID-19 at each study site.
Adjustments were made for age, medical conditions associated with
severe COVID-19, and conditions associated with obstetric compli-
cations. Table S4 summarizes the main variations between study
sites. Analyses were stratified by pregnancy trimester at the time of
COVID-19 infection and hospitalization status.

Subsequently, meta-analyses were conducted using R software,
version 4.2.2, with the metafor package. A random-effects meta-
analysis of aRRs was performed using the rma function, enabling
the calculation of a combined effect estimate with a corresponding
95% Cl. The restricted maximum likelihood (REML) method was em-
ployed for model estimation.?>2¢

If a data source had small sample sizes and/or low event rates,
reliable estimates could not be computed, leading to exclusion from
the meta-analysis; however, these numbers are reported in the
Supporting Information Tables. Forest plots depicted individual site
estimates (with 95% Cl) for each data source, with a diamond rep-
resenting the pooled point estimate (95% Cl) for each outcome of
interest. Heterogeneity was assessed through visual examination of
the forest plot and the I? statistic (40% or greater).

3 | RESULTS
3.1 | Study site selection

We identified 51 networks and data sources with data on pregnant
women with COVID-19, of which 16 utilized secondary data. Five of
these 16 data sources were unable to implement the CONSIGN EHR
protocol and were excluded.®” Another data source was excluded during
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the analysis stage due to inadequate data on the adverse outcomes of
interest (Figure 1). Ultimately, results from 10 data sources across seven
countries, accessible through three research initiatives, were included in

the meta-analysis, with their characteristics detailed in Table S5.

3.2 | Study characteristics

The CONSIGN EHR study incorporated data from six elec-
tronic healthcare registries spanning five European countries
(Tuscany, Italy; France; Valencia, Spain; Aragon, Spain; Norway;
Sweden).”®*'* The Canadian Mother-Child Cohort (CAMCCO)
Active Surveillance Initiative gathered data from three prov-
inces, Alberta, Manitoba, and Ontario, with results presented
separately.27'28 The U.S. FDA Sentinel System utilized the most
recent data from seven data partners participating in the Rapid
COVID-19 Sentinel Distributed Database, including four national

health insurers and three regional integrated care delivery sys-
tems (Table §5).1%:29:30

Across all sites, the start of a pregnancy was defined as the es-
timated first day of the last menstrual period (LMP), while the end
of a pregnancy was defined as the date of birth (or non-live preg-
nancy end in sites collecting this information) (Table Sé). The Sentinel
System pregnancy algorithm for this analysis identified only live births.
Trimester of pregnancy definitions varied slightly among the three in-
cluded networks (Table S3). In all data sources, confirmed COVID-19
diagnoses were identifiable through PCR or antigen tests, except in
France where they were based on diagnostic codes only (Table Sé).

3.3 | Description of the cohort

In total, 86210 pregnant women diagnosed with COVID-19 dur-
ing their pregnancy were identified (Table 1). Nearly half of these

Number of additional data sources identified through other
sources including contact with researchers
N =51

Number of data sources excluded
N = 40

+ Data sources with self-reported pregnancies (N = 1)
+ Case-based registry data (N = 34)
+ Could not fully or partially implement the CONSIGN protocol (N = 5)

Number of eligible data sources for which IPD were not sought
N=0

v

=
o
= Number of data sources identified through database
= searching?
E N=0
)
2
s Number of data sources after duplicates removed
o N =51
A
2 I
= Number of data sources screened for eligibility
S N =51
o]
3
S Number of data sources for which IPD were sought
(o)}
= N=11
&
©
5
(o]
4

% Number of data sources for which IPD were provided
ol N =10
K
|
= Number of participants for whom data were provided
z N = 86210
@ Inclusion in CONSIGN IPD meta-analysis using
§ electronic health care data
o N =10
(0}
N
>
‘© * CONSIGN EHR (N = 6)
S |- cAMCCO = 3)

« Sentinel System (N = 1)

Number of data sources for which IPD were not provided
N=1

Number of participants for whom no data were provided
N =1941

» No adequate data on adverse outcomes was available within timeframe
(N=1)

FIGURE 1 Flow chart of the selection process of networks and data sources participating in the individual participant data (IPD) meta-
analysis using secondary healthcare data. Adapted from the PRISMA IPD flow diagram. CAMCCO, Canadian Mother-Child Cohort; EHR,
electronic health record; IPD, individual participant data. °No systematic search was performed; instead, data sources were accessed
through regulatory authorities and direct communication among researchers.
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TABLE 1 Description of the pregnancy cohort who tested positive for COVID-19 by pregnancy trimester of infection and hospitalization
status.

Total number of pregnant

women with COVID-19 COVID-19 in trimester 1 COVID-19 in trimester 2 COVID-19 in trimester 3

No. No. (%) No. (%) No. (%)
Tuscany, Italy 995 207 (21) 278 (28) 510 (51)
France 1069 7(0.7) 92(9) 970 (91)
Valencia, Spain 3654 1278 (35) 1047 (29) 1329 (36)
Aragon, Spain 951 209 (22) 284 (30) 458 (48)
Norway 1146 235(21) 409 (36) 502 (44)
Sweden 5030 290 (6) 1711 (34) 3029 (60)
Alberta, Canada 2296 580 (25) 741 (32) 975 (43)
Manitoba, Canada 235 19 (8) 62 (26) 154 (66)
Ontario, Canada 933 270(29) 303(32) 360 (39)
USA 69901 15841 (23) 20121 (29) 33979 (49)
Total 86210 18936 (22) 25048 (29) 42266 (49)

Number of non-
hospitalized pregnant

women with COVID-19° COVID-19 in trimester 1 COVID-19 in trimester 2 COVID-19 in trimester 3

No. No. (%) No. (%) No. (%)
Tuscany, Italy 739 181 (24) 261 (35) 297 (40)
France? 0 0(0) 0(0) 0(0)
Valencia, Spain 3231 1241 (38) 1032 (32) 958 (30)
Aragon, Spain 754 201 (27) 272 (36) 281 (37)
Norway 879 217 (25) 361 (41) 301 (34)
Sweden 4199 259 (6) 1455 (35) 2485 (59)
Alberta, Canada 1968 571(29) 706 (36) 691 (35)
Manitoba, Canada 170 19 (11) 62 (36) 89 (52)
Ontario, Canada 933 270 (29) 303 (32) 360 (39)
USA 68041 15774 (23) 19884 (29) 32503 (48)
Total 80914 18733 (23) 24336 (30) 37965 (47)

Number of hospitalized
pregnant women with

COVID-19° COVID-19 in trimester 1 COVID-19 in trimester 2 COVID-19 in trimester 3

No. No. (%) No. (%) No. (%)
Tuscany, Italy 133 9(7) 17 (13) 107 (80)
France 323 7(2) 92 (28) 224 (69)
Valencia, Spain 33 13 (39) 12 (36) 8 (24)
Aragon, Spain 26 3(12) 12 (46) 11 (42)
Norway 193 18 (9) 48 (25) 127 (66)
Sweden 831 31(4) 256 (31) 544 (65)
Alberta, Canada 328 9(3) 35(11) 284 (87)
Manitoba, Canada 65 0 (0) 0 (0) 65 (100)
Ontario, Canada 0 0(0) 0(0) 0(0)
USA 1860 67 (4) 237 (13) 1472 (79)
Total 3792 157 (4) 709 (19) 2842 (75)

2COVID-19 cases in France were identified through hospital admissions records with a COVID-19 diagnosis. Consequently, pregnant women not
requiring hospitalization are not included.

PCases in which the COVID-19 test/positive diagnosis was +2 days of delivery date did not contribute to analyses by hospitalization. They did
however contribute to the “total cases.” Therefore, in some sites hospitalized and non-hospitalized cases do not add up to 100%.
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cases (49%) occurred during the third trimester. The distribution of
COVID-19 infections across the pregnancy trimesters varied consider-
ably across regions. France, Sweden, and Manitoba-Canada had fewer
first trimester diagnosed infections than other regions (Table 1). Of the
86210 pregnant women, 3792 (4.4%) were hospitalized for COVID-19.
Notably, France had access to hospitalized patient data only, while
Ontario-Canada had no recorded hospitalized cases (Table 1). Figure S1
displays the timing of COVID-19 infection in the pregnant cohort from
December 2019 to December 2022, categorized by data source. Most
countries provided data for 2020 and 2021; the US data extended until
the end of 2022; however, France and Sweden had data only for 2020
(Table S5). Baseline characteristics of pregnant women with and with-
out COVID-19 are detailed in Table S7.

3.4 | Maternal outcomes

The prevalence of maternal deaths in each trimester was low, pre-
cluding a reliable meta-analysis (Figure 2). There was no evidence
indicating COVID-19 infection in the first trimester is associated
with an increased risk of gestational diabetes for either non-
hospitalized (aRR 0.99, 95% Cl: 0.84-1.17, 1>=52%) or hospitalized
pregnant women with COVID-19 (aRR 2.08, 95% Cl: 0.93-4.64,
1>=65%) (Figure 2). Similarly, there was no evidence suggesting
COVID-19 infection in the first trimester is associated with an

increased risk of pre-eclampsia for either non-hospitalized (aRR

The corresponding forest plots are shown in Figures S2 and S3,
and the prevalence rates from the different data sources are dis-
played in Tables S8-S10.

3.5 | Pregnancy outcomes

There was no increased risk of cesarean section among non-
hospitalized pregnant women with COVID-19 in any trimester,
compared to those without COVID-19, with aRR 0.99 (95% CI:
0.97-1.02, 1?°=0%) for the first, aRR 1.11 (95% Cl: 0.97-1.26,
12=77%) for the second and aRR 1.12 (95% Cl: 0.93-1.36, I=78%)
for the third trimester. However, hospitalized pregnant women
with COVID-19 in any trimester had an increased risk of cesar-
ean section compared with pregnant women without COVID-19,
with aRR 1.59 (95% Cl: 1.06-2.40, I?=43%) for the first, aRR 1.25
(95% Cl: 1.04-1.50, I>=0%) for the second, and aRR 1.32 (95% Cl:
1.16-1.51, 1>=22%) for the third trimester (Figure 2). There was
no evidence that COVID-19 infection in any trimester increased
the risk of preterm birth in non-hospitalized pregnant women with
COVID-19, compared to those without COVID-19, with aRR 0.99
(95% Cl: 0.94-1.06, I>=0%), aRR 1.00 (95% Cl: 0.95-1.05, I=0%),
and aRR 0.89 (95% Cl: 0.66-1.21, I>=78%), respectively. However,
hospitalized pregnant women with COVID-19 in any trimester had
a higher risk of preterm birth compared with pregnant women
without COVID-19, with aRR 2.62 (95% Cl: 1.60-4.29, I?=0%),

aRR 1.56 (1.18-2.07, I2=O%), and aRR 2.61 (95% Cl: 2.22-3.07,
I>=0%), respectively (Figure 2).

0.93,95% Cl: 0.78-1.12, I>=17%) or hospitalized pregnant women
with COVID-19 (aRR 1.79, 95% Cl: 0.48-6.66, I>=71%) (Figure 2).

Outcome No.of  Non-hospitalized pregnant Pooled RR 12 Hospitalized pregnant Pooled RR 12 Pregnant
studies with COVID-19 with COVID-19 without COVID-19
No. event/No. group (%) RR (95% CI) % No. event/No. group (%) RR (95% Cl) % No. event:No. group (%)
Trimester 1 i i
Maternal outcomes
Maternal death 10 6/18 682 (0.03) 0149 (0) 12/159 867 (0.008)
Gestational diabetes 10 2206/18 208 (12) 1.0(0.8t01.2) + 52 21/141(15) 2.1(0.9t04.6) I — 65 12 293/136 555 (9)
Preeclampsia 9 1540/18 078 (9) 0.9 (0.8t0 1.1) -+ 17 9/136(7) 1.8(05106.7) ! 71 5900/135 954 (4)
Pregnancy outcomes H |
Caesarean section 7 3749/17 731 (21) 1.0 (1.0t0 1.0) 4 0 36/102 (35) 16 (1.1t02.4) — 43 31680/119 732 (26)
Preterm birth 10 982/17 804 (6) 1.0(09t0 1.1) ' 0 18137 (13) 2.6 (1.6104.3) [ 0 10 124/120 059 (8)
Stillbirth 9 7/2324 (0.3) f 0175 (0) d 417/104 884 (0.4)
Neonatal outcomes | |
Neonatal death 7 1/1409 (0.07) 1 0/55 (0) : 111/47 186 (0.2)
Low birth weight 9 219/6195 (4) 1.0 (0.8t0 1.3) - 54 6/83(7) 2.9(1.4106.2) e — 0 7547/107 648 (7)
Small for gestational age 8 202/5493 (4) 1.1(0.8t0 1.5) o 42 173 (1) 9518/105 635 (9)
Major congenital abnormalities 8 519/5514 (9) 1.1(09t0 1.5) b 34 576(7) 1.3 (0.6t03.1) I Sa— 0 5672/105 673 (5)
Trimester 2 | '
Maternal outcomes 1 |
Maternal death 10 15/24 119 (0.06) 5/666 (0.8) 8/177 806 (0.004)
Pregnancy outcomes | !
Caesarean section 7 4685122 026 (21) 1.1(1.0t01.3) ™ 77 95/375 (25) 12(1.0t0 1.5) i 0 35309/133 142 (27)
Preterm birth 10 1287/23 605 (5) 1.0 (0.9t0 1.0) i 58/649 (9) 16 (1210 2.1) e 0 11009/137 991 (8)
Stillbirth 9 12/4028 (0.3) 1.0 (05t02.2) —t 0 6/421(1) 499/118 514 (0.4)
Neonatal outcomes . !
Neonatal death 7 3/2918 (0.1) 0/301 (0) | 51/51 267 (0.1)
Low birth weight 9 325/9800 (3) 0.9 (0.8 1.0) - 0 30402 (7) 2.4 (1.6 t03.6) e 0 8116123358 (7)
Small for gestational age 8 302/8980 (3) 0.9 (0.8101.2) - 39 10371 (3) 0.9 (0.510 1.8) —— 0 10587/121 065 (9)
Trimester 3 !
Maternal outcomes H H
Maternal death 10 7/37 726 (0.02) 2072791 (0.7) 12/161 730 (0.007)
Pregnancy outcomes 3 3
Caesarean section 6 499/2394 (21) 1.1(09t0 1.4) - 78 226/682 (33) 13 (1210 15) (- 22 31470/116 593 (27)
Preterm birth 9 263/4641 (6) 0.9(0.7t0 1.2) - 78 15211092 (14) 256 (2.2t03.1) —_ 0 9666/125 433 (8)
Stillbirth 9 19/5223 (0.4) 22(0.7t07.2) 70 8/1320(06) 5.9(2.2t015.7) : 0 314/126 310 (0.2)
Neonatal outcomes i i
Neonatal death 7 2/4143 (0.05) \ 21805 (0.2) : 56/56 530 (0.1)
Low birth weight 9 438/16 556 (3) 1.0 (0.7t0 1.3) == 81 139/1583 (9) 2.3(1.4103.8) | ——— 85 7893/134 550 (6)
Small for gestational age 8 494/15 793 (3) 1.0(09t0 1.2) + 27 52/1549 (3) 12(0.7t0 2.1) —t— 69 10680/131 561 (8)
0 1 2 4 0 1 2 4 ¢ 3
RR RR

FIGURE 2 Prevalence of adverse maternal, pregnancy and neonatal outcomes and associations with COVID-19 by trimester at infection
and hospitalization status.
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The overall rate of stillbirth was low. Among non-hospitalized
pregnant women with COVID-19 in the second trimester, compared
with pregnant women without COVID-19, there was no increased
risk of stillbirth (aRR 1.02, 95% Cl: 0.48-2.17, ’=0%). In the third
trimester, there was no evidence suggesting an increased risk of
stillbirth among non-hospitalized pregnant women with COVID-19
compared to pregnant women without COVID-19 (aRR 2.22,95% Cl:
0.69-7.17, >’=70%). However, compared to pregnant women with-
out COVID-19, hospitalized pregnant women with COVID-19 in the
third trimester had an increased risk of stillbirth (aRR 5.90, 95% Cl:
2.22-15.71, ?=0%) (Figure 2). The corresponding forest plots are
shown in Figures S4-S11, and the prevalence rates from the differ-
ent data sources are displayed in Tables S11-513.

3.6 | Neonatal outcomes

The prevalence of neonatal deaths in each trimester was low, pre-
cluding a reliable meta-analysis (Figure 2). COVID-19 infection dur-
ing pregnancy did not increase the risk of LBW in neonates from
non-hospitalized pregnant women with COVID-19 compared to
those without COVID-19 for each trimester, aRR 0.97 (95% Cl:
0.76-1.26, 1?=54%), aRR 0.93 (95% Cl: 0.82-1.05, [*=0%), and aRR
0.96 (95% Cl: 0.72-1.28, I>’=81%), respectively. However, neonates
of hospitalized pregnant women with COVID-19 had a higher risk
of LBW in each trimester, aRR 2.92 (95% Cl: 1.38-6.17, >’=0%),
aRR 2.38 (1.56-3.61, ’=0%), and aRR 2.28 (95% Cl: 1.36-3.82,
12=85%), respectively (Figure 2). No association was found between
COVID-19 infection during pregnancy and SGA in neonates from
non-hospitalized pregnant women, for each trimester, aRR 1.12
(95% Cl: 0.85-1.48, I>=42%), aRR 0.94 (95% Cl: 0.76-1.17, [>=39%)
and aRR 1.03 (95% Cl: 0.89-1.21, [>=27%), respectively. In hospital-
ized pregnant women with COVID-19, an infection in the second and
third trimesters was not associated with an increased risk of SGA in
their offspring (aRR 0.94, 95% Cl 0.49-1.81, 1?=0%, and aRR 1.19,
95% Cl: 0.69-2.07, >=69%, respectively) (Figure 2). There was no
evidence suggesting that COVID-19 infection in the first trimester
was associated with an increased risk of major congenital anomalies
in neonates from both non-hospitalized (aRR 1.15, 95% Cl: 0.91-
1.46, >=34%) and hospitalized pregnant women (aRR 1.30, 95%
Cl: 0.55-3.06, I?=0%) (Figure 2). The corresponding forest plots are
shown in Figures S12-5S18, and the prevalence rates from the differ-
ent data sources are displayed in Tables S14-517.

4 | DISCUSSION

This international prospective two-stage IPD meta-analysis com-
bined data from 10 sources across seven countries, examining ad-
verse outcomes in a substantial cohort of pregnant women with
COVID-19 using the same protocol. The study compared these out-
comes to those in pregnant women without COVID-19, considering
trimester at infection and hospitalization status. No increased risk of

TRICS

adverse maternal, pregnancy or neonatal outcomes was observed
among non-hospitalized pregnant women with COVID-19. However,
hospitalized pregnant women with COVID-19 were more likely to
give birth by cesarean section, and had increased risks of preterm
birth and LBW, across all trimesters. Additionally, third trimester
COVID-19 infection requiring hospitalization was associated with an
increased risk of stillbirth. First trimester COVID-19 infection requir-
ing hospitalization was not associated with increased risks of gesta-
tional diabetes, pre-eclampsia, and congenital anomalies, although
event rates for congenital anomalies were low.

When interpreting this meta-analysis, several limitations must be
considered. First, heterogeneity among the data sources, especially
in the non-hospitalized group, may stem from differences in data col-
lection and harmonization challenges. Despite efforts to align vari-
ables and analyses between the CONSIGN EHR study, CAMCCO,
and the Sentinel System, complete alignment was difficult to achieve.
For instance, we could not adjust for covariates such as socioeco-
nomic status, substance misuse, and smoking, which were inconsis-
tently recorded. Additionally, CAMCCO did not apply matching, but
the baseline characteristics were comparable, suggesting minimal
impact on the results. The Sentinel System data primarily included
commercially insured populations, potentially underrepresenting
publicly insured and uninsured persons.*° Moreover, Sentinel could
only identify pregnancies resulting in live births, possibly favoring
low-risk pregnancies.?? Excluding the Sentinel data, however, would
significantly reduce the overall sample size as it is the largest dataset.

Another explanation for heterogeneity could be the varying
prevalence and impact of COVID-19 variants across Europe, the
US, and Canada. In 2020 and 2021, the dominant variants were
Alpha (B.1.1.7) and Delta (B.1.617.2), both highly transmissible, with
Delta also showing partial immune escape.! Our data for the US
extends into 2022, marked by the emergence of the Omicron variant
(B.1.1.529), which generally caused milder illness than Delta.’?-34
These evolving variants, with different transmissibility, severity, and
immune escape characteristics, may contribute to the observed dif-
ferences in COVID-19 outcomes. Moreover, the lack of information
on COVID-19 vaccination status may restrict the applicability of our
findings beyond 2022, considering widespread immunity acquired
through infection or vaccination.

Second, although stratifying results by trimester at onset of
infection allowed us to inspect impact of infection by trimes-
ter, this led to small sample sizes in some data sources, resulting
in less precise estimates shown by wide confidence intervals.
While not part of the SAP, pooling data from all trimesters could
offer more robust findings regarding COVID-19's overall impact.
Furthermore, some data sources could not contribute to the anal-
yses of all adverse outcomes, due to limited access or low event
numbers, posing a risk of re-identification of women and need to
mask. This risk also prevented the breakdown of observed malfor-
mations, potentially obscuring specific malformation risks within
the overall numbers.

A review of 42 studies involving 440000 pregnant women
found increased risks of pre-eclampsia, preterm birth and
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stillbirth. Comparable to our results, the risks were significantly
greater among those severely affected.®® The systematic review
and meta-analysis by Allotey et al. also reported increased risks
for cesarean section, preterm birth, stillbirth, and neonatal death,
although the overall incidence of stillbirth and neonatal death
was relatively low, as in our study.® However, this review did not
differentiate between non-hospitalized and hospitalized cases or
between trimesters, and our study found higher risks in the hos-
pitalized group.

The findings highlight the association between severe
COVID-19 and adverse pregnancy outcomes, highlighting the
need to prevent severe illness during pregnancy. The reluctance
to medicate or vaccinate pregnant women against COVID-19 may
have contributed to these outcomes.®®3” Other CONSIGN proj-
ect studies indicated that medication was rarely used to treat
COVID-19 during pregnancy, and practice has changed over
time.2*38-%0 These studies also found that medication adminis-
tration is closely linked to disease severity, precluding delineation
of causal inferences regarding the effect of these medications on
adverse outcomes.>83?

Our study design enhances the generalizability of results by strat-
ifying the analyses by hospitalization status, thereby increasing appli-
cability to diverse settings. Notably, CONSIGN data sources excluded
women testing positive for COVID-19 within two days of delivery
from the hospitalized group to prevent misclassification of disease se-
verity due to routine screening for COVID-19 at delivery wards. The
Sentinel System excluded pregnancies with maternal outcomes before
COVID-19. Due to most third-trimester COVID-19 cases occurring
around delivery, strict temporality requirements led to high attrition,
so estimates for maternal outcomes in this group were not reported.

This international prospective IPD-meta-analysis highlights the
increased risks of adverse outcomes among pregnant women hos-
pitalized due to COVID-19, emphasizing the need for preventive
measures and comprehensive healthcare strategies. Moving for-
ward, fostering international collaboration in pregnancy research is
crucial for gathering data from a larger and diverse population sam-
ple. Therefore, in preparation for future pandemics or global health
challenges, establishing essential infrastructure, funding mecha-
nisms, and structural frameworks for global collaborative research
networks is imperative. These efforts will facilitate rapid and thor-
ough gathering of vital information and data essential for effective
response and mitigation strategies.
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