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ABSTRACT

Background A few studies indicate that women infected
with SARS-CoV-2 during pregnancy might have an
increased risk of stillbirth. Our aim was to investigate the
risk of stillbirth according to infection with SARS-CoV-2
during pregnancy also taking the variant into account.
Methods We conducted a register-based study using the
Swedish, Danish and Norwegian birth registries. A total

of 389 949 births (1013 stillbirths) after 22 completed
gestational weeks between 1 May 2020 and end of
follow-up (27 January 2022 for Sweden and Norway;

31 December 2021 for Denmark). We estimated the

risk of stillbirth following SARS-CoV-2 infection after 22
completed gestational weeks using Cox regression for
each country, and combined the results using a random-
effects meta-analysis.

Results SARS-CoV-2 infection after 22 completed
gestational weeks was associated with an increased risk of
stillbirth (adjusted HR 2.40; 95% CI 1.22 to 4.71). The risk
was highest during the first weeks following infection, with
an adjusted HR of 5.48 (95% Cl 3.11 to 9.63) during the
first 2 weeks, 4.38 (95% Cl 2.41 to 7.98) during the first
4 weeks, and 3.71 (95% Cl 1.81 to 7.59) during the first 6
weeks. Furthermore, the risk was greatest among women
infected during the Delta-dominated period (adjusted HR
8.23; 95% Cl 3.65 to 18.59), and more modest among
women infected during the Index (adjusted HR 3.66; 95%
Cl 1.89 to 7.06) and Alpha (adjusted HR 2.73; 95% Cl 1.13
t0 6.59) dominated periods.

Conclusions We found an increased risk of stillbirth
among women who were infected with SARS-CoV-2 after
22 gestational weeks, with the greatest risk during the
Delta-dominated period.

INTRODUCTION

The impact of SARS-CoV-2 infection on the
risk of adverse pregnancy outcomes remains
to be fully understood. Pregnant women are
at higher risk of severe COVID-19 disease,
which increases the risk of pregnancy compli-
cations.” Women infected with SARS-
CoV-2 during pregnancy have a greater risk
of preterm birth, and higher risk of giving
birth to infants with low Apgar score, poor

,* Olof Stephansson

,2° Siri Eldevik Haberg'

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous studies indicate that women infected with
SARS-CoV-2 may have a higher risk of stillbirth.

= These studies have primarily been limited to the in-
vestigation of stillbirth risk among women hospital-
ised with COVID-19.

= Evidence regarding differences in the risk of stillbirth
according to variants remains sparse.

WHAT THIS STUDY ADDS

= Using information on 389 949 births in Sweden,
Denmark and Norway, we found a clear increased
risk of stillbirth among women who had tested posi-
tive for SARS-CoV-2 from 22 gestational weeks and
onwards.

= We further found evidence of some variation in the
risk of stillbirth according to SARS-CoV-2 variants,
with the greatest risk among women infected during
the Delta-dominated period.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The findings from this study support the existing rec-
ommendation for vaccination of pregnant women.

= We also highlight the importance of continued eval-
uation of differences in the risk of pregnancy com-
plications with new any variants of the SARS-CoV-2
virus.

intrauterine growth and infants admitted to
neonatal intensive care.' *° Several studies
have attempted to assess the risk of stillbirth
according to infection with SARS-CoV-2;
however, most studies only included between
2 and 30 exposed cases of stillbirth (only 2
studies had more than 10 exposed cases),
yielding mixed results.*!

The largest study of SARS-CoV-2 and still-
birth included 1 249 634 births between
March 2020 and September 2021 registered in
the US Premier Healthcare Database Special
COVID-19 Release (PHD-SR), with a total of
21 653 births to women with COVID-19, and
273 exposed cases of stillbirth. They found
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an increased risk of stillbirth with infection (adjusted
relative risk of 1.90; 95% CI 1.69 to 2.15)."” Emerging
evidence further suggests differences in the risk of preg-
nancy complications according to SARS-CoV-2 virus vari-
ants.”” '* Evidence regarding differences in the risk of
stillbirth according to variants remains sparse.'* !> °

In previous studies, we have showed that there has
been no notable difference in the overall rate of stillbirth
in the Nordic countries.”” Furthermore, findings from
Sweden and Norway indicated no increased risk of still-
birth with vaccination against SARS-CoV-2. In the current
study, we build on these studies by investigating whether
SARS-CoV-2 infection after 22 gestational weeks was asso-
ciated with risk of stillbirth, with combined data on 389
949 births between 2020 and 2022 in Sweden, Denmark
and Norway. We also evaluated the risk of stillbirth among
women infected with SARS-CoV-2 at times dominated by
different viral variants, as studies have indicated a greater
risk of pregnancy complications following infection with
the Delta variant.'

METHODS

Study population

We studied live and stillbirths after 22 completed gesta-
tional weeks in Sweden, Denmark and Norway between
1 March 2020 and end of follow-up (27 January 2022 for
Sweden and Norway; 31 December 2021 for Denmark).
Births were identified through the Swedish Pregnancy
Register,' the Danish National Patient Register (regis-
trations of International Classification of Disease version
10 codes 738, 080-84 and P95)," and the Medical
Birth Registry of Norway.”” *' The small number of late
induced abortions conducted after 22 completed gesta-
tional weeks were excluded (n=110 for Denmark; n=23
for Norway; information not available for Sweden). The
Danish and Norwegian data included all births nation-
ally, while the Swedish data included 94% of all births in
Sweden (in 18 of 21 Swedish regions). We only included
singletons and only the first registered birth to each
woman during the study period. To avoid oversampling
of preterm pregnancies towards end of the study period,
we excluded pregnancies without the possibility to reach
42 completed weeks by the end of follow-up. We obtained
information on maternal socioeconomic measures, infec-
tions with SARS-CoV-2, and vaccination against SARS-
CoV-2 from national databases using unique national
identification numbers.

Stillbirth

Stillbirth was defined as a fetal death after 22 completed
gestational weeks. Gestational age was estimated based
on ultrasound for the majority of births (more than 90%
in all countries), and on date of last menstrual period
when ultrasound estimates were missing. Information
on the method of pregnancy dating is available from all
registries. We used 22 completed gestational weeks and
not 20 gestational weeks because only births occurring

after 22 completed gestational weeks were available in
the Swedish Pregnancy Register.

SARS-CoV-2 infection

The exposure of interest was a positive test for SARS-
CoV-2 after 22 completed gestational weeks up until the
day before delivery. Our hypothesis is that infection may
increase the risk of fetal death. Thus, infection before
gestational week 22 might increase the risk of fetal death
prior to 22 completed weeks (miscarriage), which could
affect our results when only looking at fetal deaths after 22
gestational weeks (stillbirths). We did not exclude women
with infection prior to 22 gestational weeks from the anal-
ysis, but adjusted for this as a covariate. In addition, we
conducted a sensitivity analysis excluding pregnancies to
women infected during pregnancy prior to 22 completed
gestational weeks. The beginning of pregnancy was esti-
mated based on the date of birth minus the gestational
age in days. Information on laboratory-confirmed PCR
positive tests for SARS-CoV-2 was obtained from manda-
tory reports to SmiNet at the Public Health Agency for
Sweden,” and from the Norwegian Surveillance System
for Communicable Diseases for Norway,” while informa-
tion on both PCR and antigen positive tests was available
from the Microbiology Database at the State Serum Insti-
tute for Denmark.?* ® In Denmark, 10% of the positive
tests were antigen tests, while 90% were PCR. The testing
strategies in the three countries have varied over time.
We stopped the follow-up of this study in January 2022,
as all three Nordic countries changed their testing strat-
egies around this time, and no longer recommended
testing of all symptomatic individuals. More details about
the testing strategies across the countries are available in
online supplemental file.

Covariates

We obtained information on maternal age at the begin-
ning of pregnancy (continuous), parity (0, 1, 2 or
more), educational level (9 years or less, 10-12 years,
more than 12 years), household income in tertiles based
on the national distribution (first, second and third
tertile), living with a partner (yes or no), region of birth
(Scandinavia, Other European countries, Middle East/
Africa, other/unknown), smoking in pregnancy (yes or
no), pre or early-pregnancy body mass index (contin-
uous), pre-existing chronic condition (yes or no) prior
to pregnancy and vaccination against SARS-CoV-2
(none, before pregnancy, during pregnancy). A general
recommendation for vaccination of all pregnant women
was issued in May 2021, in Sweden, August 2021, in
Norway and July 2021, in Denmark. Pre-existing chronic
conditions prior to pregnancy included hypertension,
chronic kidney disease, asthma, cardiovascular disease,
thrombosis and diabetes. We also obtained informa-
tion on pre-eclampsia, gestational diabetes, placental
abruption, uterine rupture and shoulder dystocia
from the birth and patient registries. These pregnancy
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complications were not adjusted for in the multivariable
model because they may represent potential mediating
pathways.

Statistical analysis

We used Cox regression analysis to evaluate the HR of
stillbirth according to SARS-CoV-2 infection. The time
axis was gestational age in days, and follow-up started at 22
completed gestational weeks (gestational day 154). The
end of follow-up in the Cox model was the gestational day
of birth. Infection with SARS-CoV-2 was entered as a time-
varying exposure, so women could contribute both unex-
posed and exposed follow-up time. First, we evaluated the
risk according to infection any time after 22 completed
gestational weeks. To evaluate whether the risk was
different during the first weeks after infection, we esti-
mated the risk of stillbirth in separate analyses using 2, 4
and 6 weeks exposure windows following infection with
SARS-CoV-2, and women were considered as unexposed
after the end of the specific risk window. In multivariable
analyses, we adjusted for age, parity, educational level,
household income, living with a partner, region of birth
and a time-varying variable of vaccination against SARS-
CoV-2. We also adjusted for infection with SARS-CoV-2
during pregnancy prior to 22 completed gestational
weeks in the main model. We subsequently adjusted for
smoking during pregnancy and early or prepregnancy
body mass index in births with this information available
(87% of all births). The data from each country were
analysed separately, and the results were subsequently
meta-analysed using a random-effects model, with heter-
ogeneity estimated using the I* statistic. Country specific
results are not shown due to national privacy regulations
for presenting small numbers.

In secondary analyses, we evaluated differences in the
risk of stillbirth according to a positive test during time
periods dominated by different variants of SARS-CoV-2;
(Index (prior to 1 February 2021), Alpha (between 1
February 2021 and 30 June 2021) or Delta (between 1
July 2021 and 31 December 2021)). The dates for cut
offs for the variants were based on the major circulating
variant at the time,%_28 which was similar across the
three countries. Finally, we conducted sensitivity anal-
yses excluding women who were infected within 4 weeks
prior to 22 completed gestational weeks. In addition,
to compare women with the same possibility of being
infected throughout pregnancy, we performed a sensi-
tivity analysis restricted to pregnancies with an estimated
start after 1 March 2020. These sensitivity analyses were
only done for the 4-week risk window analysis. We further
conducted a sensitivity analysis defining those who tested
positive the last 3 days of pregnancy as unexposed. We
also conducted a sensitivity analysis excluding women
infected during pregnancy prior to 22 completed gesta-
tional weeks.

Analyses were conducted using STATA V.17 (Statacorp)
and RV.4.2.1.

Births after 22 completed gestational weeks
N=413,858

Sweden=194,636

Denmark= 114,222

Norway=105,000

v

Births with the opportunity to reach 42 completed
gestational weeks by the end of follow-up

N= 404,720

Sweden=190,293

Denmark=111,650

Norway= 102,777

v

Births with valid maternal identification number for
linkage

N= 403,759

Sweden=190,287

Denmark=111,360

Norway=102,112

Singleton births

N= 395,523
Sweden=187,776
Denmark=108, 262
Norway= 99,485

v

First births during the study period
N= 389,949

Sweden=184,771

Denmark= 106,991

Norway= 98,187

Figure 1 lllustration of study population.

Patient and public involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
developing plans for recruitment, design or implemen-
tation of the study. No patients were asked to advise on
interpretation or writing up of results. There are no plans
to disseminate the results of the research to study partici-
pants or the relevant patient community.

RESULTS

Across the three countries, there were 389 949 births
during the study period (figure 1), with 184 771 in
Sweden, 106 991 in Denmark and 98 187 in Norway.
Among these births, 1013 (3 per 1000) ended in a still-
birth (3 per 1000 in Sweden, 3 per 1000 in Denmark and
2 per 1000 in Norway). There were 8855 births (2.3%)
to women with a positive test for SARS-CoV-2 in preg-
nancy after gestational week 22 (3.2% in Sweden, 1.7%
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Table 1 Maternal characteristics according to SARS-CoV-2 infection after 22 completed gestational weeks
Country Sweden Denmark Norway
Without Without Without With
Background infection With infection infection With infection infection infection
characteristics (n=178 675) (n=6096) (n=105 161) (n=1830) (n=97 258) (n=929)
Age at start of
pregnancy, mean (SD)  30.7 (4.8) 30.6 (4.8) 30.8 (4.7) 30.6 (4.8) 30.7 (4.7) 30.7 (4.8)
Parity, No. (%)
0 77 550 (43.4) 2442 (40.1) 50 490 (48.0) 866 (47.3) 41 898 (43.1) 333 (35.8)
1 66 197 (37.1) 2240 (36.8) 39 330 (37.4) 653 (35.7) 36 280 (37.3) 344 (37.0)
>2 34 928 (19.6) 1414 (23.2) 15 341 (14.6) 311 (17.0) 19 080 (19.6) 252 (27.1)
Missing
Educational level, No. (%)
<9 years 16 030 (9.0) 595 (9.8) 10 581 (10.1) 221 (12.1) 12 762 (13.1) 196 (21.1)
10-12 years 67 714 (37.9) 2460 (40.4) 28 464 (27.1) 535 (29.2) 18 722 (19.3) 172 (18.5)
>12 years 86 071 (48.2) 2749 (45.1) 64 537 (61.4) 1034 (56.5) 56 778 (58.4) 392 (42.2)
Missing 8860 (5.0) 292 (4.8) 1579 (1.5) 40 (2.2) 8996 (9.3) 169 (18.2)
Household income, No. (%)
First tertile 58 544 (32.8) 1924 (31.6) 33 830 (32.2) 685 (37.4) 30 806 (31.7) 375 (40.4)
Second tertile 58 397 (32.7) 2071 (34.0) 34 347 (32.7) 520 (28.4) 30 905 (31.8) 276 (29.7)
Third tertile 58 469 (32.7) 1998 (32.8) 34 320 (32.6) 583 (31.9) 30979 (31.9) 202 (21.7)
Missing 3265 (1.8) 103 (1.7) 2664 (2.5) 42 (2.3) 4568 (4.7) 76 (8.2)
Living with partner, No. (%)
Yes 161 458 (90.4) 5590 (91.7) 88 787 (84.4) 1500 (82.0) 91 763 (94.4) 859 (92.5)
No 12 978 (7.3) 398 (6.5) 15905 (15.1) 321 (17.5) 3870 (4.0) 54 (5.8)
Missing 4239 (2.4) 108 (1.8) 469 (0.5) 9 (0.5) 1625 (1.7) 16 (1.7)
Region of origin, No. (%)*
Scandinavia 127 173 (71.2) 4056 (66.5) 87 743 (83.4) 1366 (74.6) 72 282 (74.3) 446 (48.0)
Middle East/ Africa 27 933 (15.6) 1232 (20.2) 4860 (4.6) 214 (11.7) 6625 (6.8) 217 (23.4)
Other European
countries 14611 (8.2) 555 (9.1) 7530 (7.2) 162 (8.9) 10836 (11.1) 160 (17.2)
Other/unknown 8958 (5.0) 253 (4.2) 5028 (4.8) 88 (4.8) 7515 (7.7) 106 (11.4)
Any chronic disease,
No. (%)t 19617 (11.0) 670 (11.0) 13 045 (12.4) 244 (13.3) 8584 (8.8) 55 (5.9)
Smoking in pregnancy, No. (%)
No 166 668 (93.3) 5715 (93.8) 93 962 (89.4) 1635 (89.3) 82 398 (84.7) 763 (82.1)
Yes 5938 (3.3) 172 (2.8) 7497 (7.1) 101 (5.5) 4950 (5.1) 51 (5.5)
Missing 6069 (3.4) 209 (3.4) 3702 (3.5) 94 (5.1) 9910 (10.2) 115 (12.4)
Prepregnancy body
mass index median
(IQR) 24 (22-28) 25 (22-28) 24 (21-27) 24 (22-27) 24 (21-27) 24 (22-28)
SARS-CoV-2 vaccination status, No. (%)
None 158 888 (88.9) 5871 (96.3) 96 510 (91.8) 1722 (94.1) 88 895 (91.4) 829 (89.2)
Before pregnancy 280 (0.2) <5 (0.1) 210 (0.2) 12 (0.7) 228 (0.2) 11 (1.2)
During pregnancy 19 507 (10.9) 222 (3.6) 8.441 (8.0) 96 (5.3) 8135 (8.4) 89 (9.6)
Infected with SARS- 5868 (3.3) 0 1642 (1.6) 0 605 (0.6) 0
CoV-2 prior to 22
completed gestational
weeks
Continued
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Table 1 Continued

Country Sweden Denmark Norway
Without Without Without With
Background infection With infection infection With infection infection infection
characteristics (n=178 675) (n=6096) (n=105 161) (n=1830) (n=97 258) (n=929)
Gestational age
22-27 weeks 445 (0.3) 19 (0.3) 275 (0.3) <5(0.2) 248 (0.3) <5(0.2)
28-31 weeks 722 (0.4) 32 (0.5) 432 (0.4) 6 (0.3) 392 (0.4) <5(0.4)
32-36 weeks 6813 (3.8) 278 (4.6) 4117 (3.9) 56 (3.1) 3705 (3.8) 26 (2.8)
37-41 weeks 166 954 (93.4) 5652 (92.7) 98 000 (93.2) 1713 (93.6) 89 215 (91.7) 864 (93.0)
42 weeks or more 3741 (2.1) 115(1.9) 2337 (2.2) 52 (2.8) 3698 (3.8) 33 (3.6)
Spontaneous preterm birth
No 173 395 (97.0) 5935 (97.4) 101 636 (96.7) 1788 (97.7) 94 707 (97.4) 915 (98.5)
Yes 5280 (3.0) 161 (2.6) 3525 (3.4) 42 (2.3) 2551 (2.6) 14 (1.5)
Pre-eclampsia
No 172 444 (96.5) 5884 (96.5) 101 502 (96.5) 1763 (96.3) 94 697 (97.4) 911 (98.1)
Yes 6231 (3.5) 212 (3.5) 3635 (3.5) 67 (3.7) 2561 (2.6) 18 (1.9)
Missing 24 (0.02) 0(0)
Small-for-gestational age
No 160 864 (90.0) 5487 (90.0) 94 579 (98.9) 1624 (88.7) 89 149 (91.7) 828 (89.1)
Yes 15 088 (8.4) 530 (8.7) 10013 (9.5) 189 (10.3) 8096 (8.3) 101 (10.9)
Missing 2723 (1.5) 79 (1.3) 569 (0.5) 17 (0.9) 13 (0.01) 0 (0)
Gestational diabetes
No 169 488 (94.9) 5708 (93.6) 99 642 (94.8) 1716 (93.8) 91 417 (94.0) 855 (92.0)
Yes 9187 (5.1) 388 (6.4) 5495 (5.2) 114 (6.2) 5841 (6.0) 74 (8.0)
Missing 24 (0.02) 0(0)

*The other category included North America, South America, Latin America, Asia, Australia and New Zeeland.
TChronic conditions included hypertension, chronic kidney disease, asthma, cardiovascular disease, thrombosis and diabetes. These are all
conditions associated with both the risk of COVID-19 and adverse pregnancy complications.

in Denmark and 0.9% in Norway). Among women with
positive tests after 22 gestational weeks, a total of 31
women had a subsequent stillbirth. Women who tested
positive for SARS-CoV-2 during pregnancy had a slightly
higher parity, lower educational level, lower income, were
more likely to be from the middle East/Africa, and had a
slightly higher prepregnancy body mass index, compared
with women who did not test positive during pregnancy
(table 1). These characteristics were similar across the
three countries. Women who had underlying chronic
conditions were more likely to have tested positive for
SARS-CoV-2 in Denmark, less likely to have tested posi-
tive in Norway, while there was no apparent difference in
Sweden (table 1).

The median gestational age for the positive test for
SARS-CoV-2 after 22 completed gestational weeks preg-
nancy was 214 days (IQR 184-245) in Sweden, 217 days
(IQR 185-251) in Denmark and 228 days (IQR 193-257)
in Norway. There were a total of 31 exposed cases of still-
birth across the three countries. All of the 31 exposed
cases of stillbirth occurred among unvaccinated women.
These exposed cases were infected between 31 March

2020 and 28 October 2021. Most exposed stillbirths (19
of 31) occurred within 3 weeks after a positive test. We
observed an increased risk of stillbirth among women
who were infected with SARS-CoV-2 after 22 completed
gestational weeks, with an incidence rate of 6 per 100
000 exposed follow-up days and 2 per 100 000 unex-
posed follow-up days, with a corresponding adjusted HR
of 2.40 (95% CI 1.22 to 4.71), and evidence of hetero-
geneity between countries (I* 68%; p=0.04; table 2).
We also found that only four of the exposed cases of
stillbirth were to women who had been admitted to the
ICU during pregnancy for COVID-19. The risk of still-
birth was highest during the first weeks after infection
with SARS-CoV-2, with an adjusted HR of 5.48 (95% CI
3.11 to 9.63) during the 2 weeks following infection,
4.38 (95% CI 2.41 to 7.98) during the 4 weeks following
infection, and 3.71 (95% CI 1.81 to 7.59) during the 6
weeks following infection (table 2). Further adjustment
for body mass index and smoking did not influence the
results (online supplemental etable 1). A total of 6 out
of 31 exposed stillbirths were the result of spontaneous
preterm birth, while <5 were exposed to pre-eclampsia,
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Table 2 Risk of stillbirth with maternal SARS-CoV-2 infection after 22 completed gestational weeks

Unadjusted Adjusted*

Exposure SARS-CoV-2 Follow-up  No of 12 heterogeneity 12 heterogeneity

window infection time in days events HR (95% CIl) statistict HR (95% CI) statistict
Unexposed 43647 189 999 Ref Ref

2 weeks Exposed 119109 14 6.24 (3.13 to 12.45) 38%, p=0.20 5.48 (3.11t09.63) 10%, p=0.33
Unexposed 43530188 993 Ref Ref

4 weeks Exposed 236 110 20 4.72 (2.36 to 9.45) 56%, p=0.10 4.38(2.41t07.98) 41%, p=0.19
Unexposed 43413334 990 Ref Ref

6 weeks Exposed 352 964 23 3.86 (1.74 to 8.57) 72%, p=0.03 3.71(1.81t07.59) 64%, p=0.06

Any time Unexposed 43228 574 982 Ref Ref

after 22

gestational

weeks Exposed 537 724 31 2.84 (1.24 to 6.47) 79%, p=0.01 2.40 (1.22t0 4.71)  68%, p=0.04

*Adjusted for maternal age at start of pregnancy, parity, education, income, living with a partner, region of birth, underlying chronic

conditions and vaccination against SARS-CoV-2.

1The I? heterogeneity statistic and corresponding p value for differences in the estimates across the three countries.

and 16 were small-for-gestational age. Only eight exposed
cases of stillbirth occurred more than 6 weeks after infec-
tion. They occurred between gestational day 174 and 282.
None of the exposed cases of stillbirth had any registra-
tion of uterine rupture, placental abruption or shoulder
dystocia. None of the exposed cases of stillbirth were to
women who had a history of a previous stillbirth.

The risk of stillbirth was highest in women infected
during the Delta-dominated period, with incidence rates
of 16 per 100,000, while it was 5 per 100 000 during
the Index variant period, and 4 per 100 000 during the
Alpha variant period (table 3). In the 4 weeks following
infection with SARS-CoV-2 during the Delta-dominated
period, the adjusted HR was 8.23 (95% CI 3.65 to 18.59),
while the adjusted HR was 3.66 (95% CI 1.89 to 7.06) for
the Index variant, and 2.73 (95% CI 1.13 to 6.59) for the
Alpha period (table 3). There was substantial less hetero-
geneity in the variant-specific estimates between coun-
tries than in the main analysis (table 3).

When we excluded women who were infected within
4 weeks prior to 22 completed gestational weeks, or
restricted the analysis to pregnancies starting after 1
March 2020, we observed similar results for the 4-week
risk window (online supplemental etables 2 and 3).
We also observed a similar increased risk of stillbirth
according to infection with SARS-CoV-2 when defining
those who tested positive the last 3 days of pregnancy as
unexposed (online supplemental etable 4). Excluding
women infected with SARS-CoV-2 during pregnancy prior
to 22 completed gestational weeks also did not change
the results (online supplemental etable 5).

DISCUSSION

In this Scandinavian registry-based study, we observed an
increased risk of stillbirth among women infected with
SARS-CoV-2 after 22 completed gestational weeks, with
the highest risk in the first weeks following a positive

SARS-CoV-2 test. The risk was highest among women who
tested positive for SARS-CoV-2 when Delta was the major
circulating variant.

Strengths and weaknesses of this study

Important strengths of this study include the population-
covering and prospective nature of the registry data, the
inclusion of data from three countries, the evaluation of
the risk according to dominant variants of SARS-CoV-2,
and our ability to adjust for several potential confounding
factors. Our study also has limitations. We did not have
any information on causes and classifications of stillbirths
in the birth registries, including clinical information from
autopsies or placental histopathological analysis. Further-
more, no information on SARS-CoV-2 infection of the
fetus was available. We were also unable to look at the risk
of stillbirth according to the gestational week of infection
with SARS-CoV-2 in more detail due to the small number
of exposed cases. There were also differences in test strat-
egies and infection rates between countries and during
the study period. From Sweden and Norway, we only had
information on PCR-positive tests, while from Denmark,
information on rapid antigen tests were also available.
During the study period, individuals in Denmark who
tested positive on a rapid antigen test were recommended
to take a confirmatory PCR-test, and 90% of the positive
tests from Denmark in this study were PCR, ensuring
comparability between the countries. Among women
with positive tests, there are likely some asymptomatic
cases, as pregnant women exposed to infected individuals
were recommended to take a PCR test.?’ Also, women
with early signs of fetal loss may have been more prone
to testing which could inflate risk estimates. However, in
the sensitivity analysis, where we defined pregnancies to
women who tested positive the last 3 days of pregnancy
as unexposed, results were similar. The risk of stillbirth
was highest with infection during the Delta period in all
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Table 3 Risk of stillbirth after maternal infection with different variants of SARS-CoV-2 after 22 completed gestational weeks

Adjusted*

Unadjusted

12 heterogeneity

statistict

12 heterogeneity

statistict

Follow-up time No of

SARS-CoV-2
infection

Exposure
window

HR (95% CI)

Ref

HR (95% ClI)

Ref

stillbirths
993

in days

33 579 188
116 807
92 066

27 133

Unexposed

Index

0.74
0.65
0.80

0%1 p

3.66 (1.89 to 7.06)
2.73 (1.13 to 6.59)

0.71
0.53
0.69

0%1 p

3.66 (1.90 to 7.05)
2.75 (1.14 to 6.61)

O%v p

0%, p

Alpha
Delta

4 weeks risk
window

O%v p

8.23 (3.65 to 18.59)

Ref

0%, p

9.95 (4.45 to 22.24)

Ref

982
12
10

43 228 574

269 778

Unexposed

=0.91

0%, p

1.51 (0.85 to 2.68)
2.16 (0.85 to 5.47)
4.88 (2.49 to 9.56)

=0.82

0%, p

1.60 (0.90 to 2.84)
2.56 (0.86 to 7.61)

Index

=0.13
0.88

51%, p
0%, p

64%, p=0.06
0%, p=0.70

211 208
56 639

Alpha
Delta

Any time after
22 weeks

6.15 (3.18 to 11.88)

*Adjusted for maternal age at start of pregnancy, parity, education, income, living with a partner, region of birth, underlying chronic conditions and vaccination against SARS-CoV-2.

1The I? heterogeneity statistic and corresponding p value for differences in the estimates across the three countries.

three countries, which support that increased testing in
threatening stillbirths is less likely to cause the associa-
tions. We were unable to distinguish the risk of stillbirths
prior to the onset of labour and stillbirths arising intra-
partum according to infection with SARS-CoV-2 due to
small numbers. We also did not have any information
on treatment for SARS-CoV-2, and we could, therefore,
not evaluate how it might have impacted the subsequent
risk of stillbirth. Finally, we had limited ability to evaluate
the proportional hazards assumption due to the small
number of exposed cases of stillbirth.

Comparison with previous studies

Our findings support previous studies indicating that
SARS-CoV-2 infection increases the risk of stillbirth. The
largest study to date from the US PHD-SR, found a twofold
increased risk of stillbirth among women with a diagnosis
of COVID-19 around the time of delivery."* A study of
78 centres included in the Spanish Obstetric Emergency
Group, including 1347 SARS-CoV-2 PCR-positive preg-
nant women registered between 26 February 2020 and 5
November 2020 on admission for delivery, and a concur-
rent sample of PCR-negative mothers, also indicated a
greater proportion of stillbirth among women who were
positive for SARS-CoV-2 compared with those who were
negative (0.7% vs 0.2%, p=0.02).° Similarly, a population-
based study from England which included 342 080 deliv-
ering women, of which 3527 were registered in the birth
record as being positive for SARS-CoV-2 at the time of
delivery, the adjusted relative risk of stillbirth was 2.21
(95% CI 1.58 to 3.11).%

To study differences with viral variants, we used infor-
mation on the major underlying circulating variant at
the time when the woman tested positive. We observed
the greatest increased risk of stillbirth among women
who tested positive in the Delta dominated period.
As our follow-up ended in January 2022, the number
of stillbirths was too low to study the risk of stillbirth
according to infection with the Omicron variant. Some
other studies support that the Delta variant could have
a greater impact on the risk of stillbirth compared with
other variants. The US (PHD-SR) study found that the
risk of stillbirth was greater in women infected with SARS-
CoV-2 during the Delta period (adjusted RR 4.04; 95% CI
3.28 t0 4.97), and lower in the pre-Delta period (adjusted
RR 1.47; 95% CI 1.27 to 1.71)."* A population-based study
from Scotland with 9817 women who tested positive for
SARS-CoV-2 during pregnancy, also reported a lower rate
of stillbirth in the Omicron-dominant period (4.3 per
1000 births) than in the Delta-dominant period (20.3 per
1000 births).'

We observed some differences in the associations
across countries as evidenced by the heterogeneity statis-
tics. There was substantially less heterogeneity when
examining infection according to the major circulating
variant at the time the women were infected with SARS-
CoV-2. Statistical heterogeneity may be present due to
small numbers in each of the countries, whereas clinical

Magnus MC, et al. BMJ Public Health 2023;1:¢000314. doi:10.1136/bmjph-2023-000314 7

‘1ybuAdoo Ag paraioid rING
11 Buebin Bap 16 19¥8101|qIg8S|aH T £202 ‘L2 18quIBAON UO /wodfwg yesyalgndlwagy/:dny woly papeojumoq "£20Z 4890100 TE Uo yTE000-£202-udlwa/osTT 0T se paysiand isiy :ydlwug


http://bmjpublichealth.bmj.com/

BMJ Public Health 3

heterogeneity may be caused by national differences
in the intensity of the pandemic itself or differences in
testing strategies that led to differences in the propor-
tion of positive cases detected across countries. We used
random-effects meta-analysis to account for this hetero-
geneity in the country-combined estimates.

Some mechanistic evidence support that the SARS-
CoV-2 virus can influence the risk of stillbirth. A histo-
logical analysis of the placenta from 15 women with
severe COVID-19 who delivered in the third trimester
indicated abnormal vessels and evidence of intervillous
thrombi.”” Another study from Sweden of 14 placentas
also supported massive perivillous fibrinoid deposition,
in addition to intervillositis and tromphoblast necrosis.”
Notably, vascular malperfusion is commonly found in the
placenta of stillbirths after COVID-19 infection.”® There
is also evidence suggesting that the Delta variant of the
SARS-CoV-2 could increase the risk of stillbirth. Histo-
logical evidence of one intrauterine fetal demise in an
unvaccinated woman with mild symptoms of SARS-CoV-2,
suggested that the excessive infiltration of immune cells
and cytokines in the placenta due to the Delta variant
caused severe placental inflammation and damage, which
likely resulted in placental abruption and the demise of
the fetus.” However, the impact of the SARS-CoV-2 on
the placenta still remains to be fully understood, as the
existing studies are based on very small sample sizes.

CONCLUSION

In this Scandinavian registry-based study, infection with
SARS-CoV-2 was associated with an increased risk of still-
birth, with the greatest risk among women exposed to
the Delta variant, although the small number of exposed
cases yielded uncertain estimates for the individual vari-
ants. We also did not have information available on the
fetus’ infection status. However, our findings highlight
the need for further understanding of differences in risk
of pregnancy complications according to SARS-CoV-2
variants. The tendency for an increased risk of stillbirth
among women infected with SARS-CoV-2 during preg-
nancy highlights the importance of vaccination of preg-
nant women which was recommended across most coun-
tries.
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