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Abstract

Background: Pregnant women are recommended to receive COVID-19 vaccines; however,
relative effectiveness of vaccination by pregnancy status is unclear.

Methods: We compared the relative effectiveness of mRNA COVID-19 vaccines according to
whether women received both while pregnant (n=7,412), one dose while pregnant (n=3,538),
both while postpartum (n=1,856), or both doses while neither pregnant nor. postpartum
(n=6,687). We estimated risk of SARS-CoV-2 infection starting 14 days after the second dose
using Cox regression, reporting hazard ratios (HR) and 95% confidencesintervals (Cl). Secondly,
we examined relative effectiveness of a third (booster) dose while pregnant compared to
outside pregnancy. The major circulating variantiduring the study period was the Delta variant.
Results: 54% of women received two doses of the BNT162b2 vaccine, 16% received two doses
of the mRNA-1273 vaccine, while 30% received one dose of both vaccines. Compared to women
who received both doses while neither pregnant nor postpartum, the adjusted HR for a positive
SARS-CoV-2 PCR test was similar if the woman received both doses while pregnant (1.04; 95%
Cl: 0.94, 1.17), one dose while pregnant and one dose before or after pregnancy (1.03; 95% Cl:
0.93, 1.14), or both doses while postpartum (0.99; 95% Cl: 0.92, 1.07). The findings were similar
for BNT162b2 (Pfizer-BioNTech Comirnaty) and mRNA-1273 (Moderna Spikevax), and during
Delta- and Omicron-dominant periods. We observed no differences in the relative effectiveness
of the booster dose according to pregnancy status.

Conclusions: We observed similar effectiveness of mRNA vaccines against SARS-CoV-2 infection
among women regardless of pregnancy status at the time of vaccination.

Keywords: COVID-19; vaccination; pregnancy; post-partum
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Introduction

COVID-19 vaccines were developed at an unprecedented rate, and randomized
controlled trials confirmed high vaccine efficacy against the wild-type strain [1, 2]. Pregnant
women were excluded from pre-licensure COVID-19 vaccine trials, thus effectiveness-and safety
during pregnancy must be evaluated in post-licensure studies [3, 4]. Since preghant women
have a higher risk of severe COVID-19 disease [5, 6], and no evidence of increased adverse
outcomes after vaccination [7-9], a general recommendation for COVID-19 vaccination of
pregnant women was issued [10, 11].

A meta-analysis of observational studies (two fromisrael'and one from Qatar)[12-14]
that included 19,828 vaccinated and 18,828 unvaccinated pregnant women reported a 90%
effectiveness of mMRNA vaccines against SARS-CoV-2 infection one week after the second dose
[9]. There was heterogeneity in the magnitude of the vaccine effectiveness across the individual
studies [12-14], which were all’conducted in pre-Delta time periods; however, within counties,
estimates were comparable to the'general adult population during similar time periods [9].

Although studies show similar immunogenicity of mRNA COVID-19 vaccines in pregnant,
lactating, and non-pregnant women [15, 16], comparisons of effectiveness among these three
population groups are lacking. The objective of this study was to compare the relative
effectiveness of mRNA COVID-19 vaccines according to pregnancy status at the time of

vaccination.
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Methods
This study was approved by the Regional Committee for Medical and Health Research
Ethics of South/East Norway (No. 141135). The committee provided a waiver of consent for

participants due to the registry-based nature.

Study population

We included 19,679 women in Norway between 15 and 45.years of age who either
completed a pregnancy between 2020 and February 15, 2022, or were'still pregnant on
February 15 2022, and who had received a second dose of.an mRNA COVID-19 vaccine between
July 1 and September 30, 2021. We excluded women who had received non-mRNA COVID-19
vaccines (N=128), as these were not used in Norway’s vaccination program, and women who
had a positive SARS-CoV-2 test prior to the second vaccine dose (N=58). We categorized women
into four exposure groups: (i) received both doses during pregnancy, (ii) received one dose while
pregnant (and the otherdose received before or after pregnancy), (iii) postpartum at the time
of vaccination (had been pregnant within two months before receiving their first vaccine dose),
or (iv) neither pregnant nor postpartum at the time of vaccination (reference group). To ensure
the reference group was similar to women vaccinated during pregnancy or in the postpartum
period with respect to their demographic characteristics and life stage (i.e., family planning), we
restricted the reference group to women who had been pregnant during the same calendar
period the year before. Data for this study were provided through the Emergency preparedness

register for COVID-19 (Beredt C19) [17].
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Identification of completed and ongoing pregnancies

The birth registry provided data on live births, stillbirths, fetal losses, and induced
abortions from 12 gestational weeks onwards. We estimated the start of pregnancy by
subtracting the estimated gestational age in days from the date of birth. The gestational age
was based on ultrasound for 95% of pregnancies and last menstrual period for the remaining 5%
of pregnancies. Registrations of miscarriages and induced abortions occurringbefore 12
gestational weeks were obtained from the patient registry and the'general practitioner
database [18]. The diagnostic codes used to identify miscarriage:and.induced abortion are
shown in Table S1. As these early miscarriages and induced abortions are not registered with a
gestational length, we assigned them a gestational. duration of 8 weeks, which was based on the
mean gestational length for all induced abortions in Norway in the anonymous abortion registry
[19], and the gestational age distribution of miscarriages from the literature [20, 21]. The start
of these pregnancies ending in‘a first trimester miscarriage or induced abortion was therefore
set to be 8 weeks prior to the event.

We identified ongoing pregnancies using codes for antenatal care visits in the general
practitioner database.and the patient registry (Table S2) [22]. Antenatal codes are not
registered with a gestational length. Based on the distribution of the first registration of any
pregnancy-related code for completed pregnancies in the birth registry (Figure S1), which
showed a median of 35 gestational days (5 gestational weeks), we set the start date of ongoing

pregnancies to be 5 weeks before the first antenatal consultation.
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COVID-19 Vaccination

The Norwegian Immunisation Register (SYSVAK) contains mandatory registration of all
COVID-19 vaccinations, with dates of vaccination and vaccine type/product. In Norway, the two
MRNA vaccines from BNT162b2 (Pfizer-BioNTech Comirnaty) and mRNA-1273 (Moderna
Spikevax) were part of the national vaccination program throughout the study period, while
ASD1222 (AstraZeneca) was excluded from the program on May 12, 2021. General
recommendations for vaccination of pregnant women in the second or third trimester were
issued in August 2021 in Norway [23]. Prior to this, COVID-19 vaccination of pregnant individuals
was only recommended if they were otherwise eligible due to being at high risk of severe
COVID-19, or at high risk of acquiring COVID-19 (e.g., health care providers). Vaccination during
the first trimester was not recommended in Norway until mid-January 2022. We categorized
women according to whether they received both first and second doses while pregnant, only
one dose during pregnancy (and the other dose either before or after pregnancy), both doses
while postpartum (first dose given‘during the first 60 days after the end of a pregnancy), or both

doses while not pregnant nor postpartum.

SARS-CoV-2 Infection

We obtained information on positive polymerase chain reaction (PCR) tests for SARS-
CoV-2 from the Norwegian Surveillance System for Communicable Diseases (MSIS). This registry
includes mandatory reporting for selected infectious diseases, including information on the date
of testing and test results for all positive PCR tests for SARS-CoV-2. The number of positive cases

has been reported weekly by the Norwegian Institute of Public Health throughout the pandemic
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[24]. We did not have information on positive antigen tests. There was a general
recommendation for everyone with a positive antigen test for SARS-CoV-2 to get a confirmatory
PCR test up until February 15, 2022 [25]. After this time, individuals who had received three
doses of a COVID-19 vaccine, or who had received two vaccine doses and experienced-an

infection with COVID-19, were no longer recommended to do a confirmatory PCR test.

Statistical analysis

We used Cox proportional hazards regression to compare the incidence of SARS-CoV-2
infection after a second dose between women vaccinated while neither pregnant nor
postpartum (reference), women who received both doses during pregnancy, one dose during
pregnancy, and women who received both doses during the postpartum period. The start of
follow-up was 14 days after the second dose of an mRNA COVID-19 vaccine—the time axis for
the analysis, therefore, reflects time in days since the second dose. End of follow-up was the
first date of a registered positive test for SARS-CoV-2, death, emigration, or February 15, 2022
for those who were-alive and still residing in Norway. February 15 was used as the end of
follow-up becausethis was when new guidelines were issued which no longer advised
confirmatory PCR testing for those with a positive antigen test. We adjusted for women’s age at
start of follow-up, education, income, marital status, parity, various underlying chronic medical
conditions (diabetes, chronic lung diseases, cerebrovascular disease, other chronic
cardiovascular diseases, and reduced immune function due to medication use), and the number
of days between the first and second doses. In addition, we adjusted for pregnancy status and

booster dose (3rd dose of an mRNA vaccine) as time-varying covariates. We also conducted
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stratified analyses according to whether the women had received a homologous primary series
of BNT162b2 or mRNA-1273 (those who received a heterologous vaccine series were excluded
in this sensitivity analysis; N=1742). To further examine whether there was any difference
according to the circulating SARS-CoV-2 variant, we conducted stratified analyses according to
the Delta-dominant period (up until December 31, 2021) and Omicron-dominant period (from
January 1, 2022 onwards) [26]. These periods were defined based on the major circulating
variants nationally. Unfortunately, only a small number of positive PCR tests'was genotyped to
confirm the strain. This was usually done during a period around the time when a new variant
was thought to have been discovered, to identify when a new variant started to circulate
nationally. No violations of the proportional hazards assumption were identified based on
inspections of the Schoenfeld residuals.

We also compared the relative effectiveness of a booster dose of one of the mRNA
vaccines (dose 3). This analysis'was restricted to women who received the booster from January
1, 2022 onwards, because this is when booster doses became available for the general
population and not just restricted to elderly or high-risk groups. We compared the risk of a
positive PCR test for SARS-CoV-2 according to whether the woman was pregnant, postpartum,
or neither when she received the booster. The start of follow-up for this analysis was 14 days
after the booster dose was received and follow-up ended on the date of infection, emigration,
death, or February 15, 2022. We adjusted for the same characteristics as included in the
previous analysis, in addition to number of days between doses 2 and 3.

All analyses were conducted in Stata version 16.0 (Statacorp, Texas).
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Results

We identified 7,412 women who received both dose 1 and dose 2 of an mRNA vaccine during
pregnancy, 3,538 women who received one dose during pregnancy (with the other dose before
or after pregnancy), 1,856 who received both doses while postpartum, and 6,687 women who
received both doses while neither pregnant nor postpartum. 54% of women received two doses
of the BNT162b2 vaccine, 16% received two doses of the mRNA-1273 vaccine, while 30%
received one dose of both vaccines. Women who received both doses during pregnancy were
slightly younger, more likely to be born in Scandinavia, more likely to have attained higher
education, and less likely to be nulliparous compared to.women vaccinated while neither
pregnant nor postpartum (Table 1). Womenivaccinated during the postpartum period, and
women who had one vaccine dose duringand-another outside of pregnancy, were similar to
women who received both doses while not pregnant or postpartum (Table 1). The calendar
timing of dose 2 according to pregnancy status indicates a relatively balanced distribution

among the groups (Figure 1).

Relative vaccine effectiveness after the second dose of an mRNA vaccine according to pregnancy
status

The'incidence of SARS-CoV-2 infection per 10,000 follow-up days was 14 among women who
received both doses of an mRNA vaccine during pregnancy, 15 among women who received one
dose during pregnancy, 14 among women who received both doses postpartum, and 15 among

women who received both doses while not pregnant or postpartum. Figure 2 shows the
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cumulative incidence of SARS-CoV-2 infection according to whether the woman was vaccinated
while pregnant, postpartum, or neither. In adjusted models, we observed no difference in the
risk of SARS-CoV-2 if the woman received both doses while pregnant (adjusted HR 0.99; 95% ClI:
0.92, 1.07), one dose while pregnant (adjusted HR 1.03; 95% Cl: 0.93, 1.14), or both doses
during the postpartum period (adjusted HR 1.04; 95% Cl: 0.94, 1.17), as compared to women
who were neither pregnant nor postpartum (Table 2). These estimates were similar for the two
different mRNA vaccines (Table 2). We also did not observe any notable differences during the

Delta- and Omicron-dominant periods (Table 3).

Relative vaccine effectiveness after the booster dose of an mRNA vaccine according to
pregnancy status

The incidence of SARS-CoV-2 per 10,000 follow-up days was 20 among women who received the
booster while pregnant, 21 among women who received the booster while postpartum, and 21
among women who received the booster while neither pregnant nor postpartum. Figure 3
shows the cumulative incidence of SARS-CoV-2 infection according pregnancy status at the time
of booster dose receipt. The adjusted HR for a positive test for SARS-CoV-2 was 1.12 (95% ClI:
0.52, 2.41) among women who were postpartum at the time of the booster, and 1.12 (95% Cl:
0.84, 1.84) among women who were pregnant, as compared to women who were neither
pregnant nor postpartum (Table 4). The numbers were too small for analyses by vaccine
product. We did not stratify these analyses according to the circulating strain because all

booster vaccinations were received during the Omicron-dominant period.

10
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Discussion

We did not observe any differences in the incidence of SARS-CoV-2 infection according
to whether women received their two dose primary series of an mRNA COVID-19 vaccine during
pregnancy or the postpartum period, as compared with women who were neither pregnant nor
postpartum at the time vaccination, but had recently been pregnant. Results were similar when
we evaluated the two mRNA vaccines separately. We also did not observe any differences in the
relative effectiveness of the booster dose based on pregnancy status at the time of vaccination.
These results reflect the effectiveness of vaccines against the Delta and Omicron variants of the
SARS-CoV-2 virus, as they were the dominant circulating variants'in the population at the time
[26].

One Israeli study of 10,861 vaccinated pregnant women matched to 10,861 unvaccinated
pregnant women reported a vaccine effectiveness of 96% (95% Cl: 89%, 100%) against any
documented infection between 7.and 56 days after receiving the second dose [13]. A study of
407 vaccinated and 407 unvaccinated pregnant women from Qatar reported a vaccine
effectiveness of the two mRNA vaccines (combined) of 88% (95% Cl: 44%, 97%) at least 14 days
after the second.dose [12]. Finally, a study of 7,530 women vaccinated with BNT162b2 and
7,530 unvaccinated pregnant women in Israel reported an adjusted HR for a positive PCR test
for SARS-CoV-2 at 28 days or more after the first vaccine dose of 0.22 (95% Cl: 0.11, 0.43),
corresponding to a vaccine effectiveness of 78% (95% Cl: 57%, 89%) [14]. A meta-analysis of
these three studies estimated a combined vaccine effectiveness of 90% (95% Cl: 69%, 96%) 7
days after the second dose of an mRNA vaccine [9]. Two of the primary studies matched

vaccinated pregnant women to unvaccinated pregnant women according to demographic and

11
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clinical characteristics [13, 14], while the third study only matched for age [12]. All three studies
were considered to have a moderate risk of bias [9]. Notably, these studies were conducted
while earlier variants of the SARS-CoV-2 virus (pre-Delta) were circulating in the population [27,
28].

It has been hypothesized that vaccination during pregnancy could result'in less.robust
immune responses due to pregnancy-induced physiological and immunological alterations [29,
30]. Although results from studies that have compared immune responses to influenza
vaccination in pregnant and non-pregnant women are inconsistent—with some finding
comparable levels of antibody titres and seroconversion rates and others finding both higher
and lower responses in pregnant compared with:non-pregnant women—estimates of influenza
vaccine efficacy and effectiveness in pregnant women are similar to the general population [30-
32]. Studies have reported comparable immune responses to mRNA COVID-19 vaccines in
pregnant and non-pregnant women of reproductive age [15, 16]. Our findings that the relative
effectiveness of mRNA COVID-19 vaccines does not differ in pregnant and postpartum women is
reassuring and suggests that COVID-19 vaccine effectiveness estimates derived from studies in
the general adult'population may inform expectations for vaccine effectiveness in pregnant
populations. This is important given ongoing research and development of next generation
COVID-19 vaccines [33].

Aside from protection of pregnant women themselves, another potential benefit of
vaccination during pregnancy is passive protection of infants from SARS-CoV-2 infections during
the first months of life. Transplacental transfer of vaccine-derived antibodies against SARS-CoV-

2 from mothers has been confirmed, and a recent study reported a 61% reduced risk of infant

12
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hospitalization for COVID-19 [34-36]. Using the Norwegian registries, we have also shown a
decreased risk of SARS-CoV-2 infection during the first four months of life among infants born to
mothers vaccinated during pregnancy [37].

Our study is unique in its population-based nature and the ability to directly compare the
relative effectiveness of mRNA COVID-19 vaccines among women who were vaccinated while
pregnant and those who were not during the same time interval. This avoids bias due to
variations in the underlying infectious burden and circulating variants. To avoid bias due to
potential confounding, we identified a comparison group of women who had been pregnant
during the previous year at a similar calendar time. This comprises a group of women who had
also been pregnant during the pandemic and who.were of a similar age, education, income, and
proportion of women with various underlying chronic diseases as the exposure groups.

Our study also has limitations. We were not able to assess the effectiveness of any non-
mMRNA vaccines, as the AstraZeneca vaccine (the only non-mRNA COVID-19 vaccine that was
initially part of the Norwegian vaccination program) was removed in May 2021 after reports of
potential links with'blood coagulation disturbances [38]. We were only able to capture cases of
SARS-CoV-2 infection.among individuals who presented for PCR testing. This is likely to include
women who had symptoms, or who had strong suspicions that they might be infected due to
exposure to a confirmed case. Notably, everyone with a positive antigen test was instructed to
take a confirmatory PCR test during the study period. We have previously reported that
pregnant women are more likely to get tested for SARS-CoV-2 compared to non-pregnant
women of reproductive age [22]. As our study was conducted in a high-income country with a

universal health-care system, our results might not be generalizable to lower resource settings.

13



In conclusion, pregnant women appear to derive similar protection from COVID-19
vaccination during pregnancy and the postpartum period, as compared with non-pregnant/non-
postpartum women of reproductive age—we observed similar incidence of SARS-CoV-2
infection regardless of pregnancy status at the time of vaccination. These results are.reassuring,
and combined with the increased risk of severe COVID-19 among pregnant women [5,.6], and
the probable passive protection of the newborn [35, 37], gives further support to the

importance of vaccination of pregnant women.
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Table 1 Background characteristics according to pregnancy status at time of vaccination

Characteristics

Age at start of follow-up, mean
(SD)
Days between dose 1 and 2,
median (IQR)
Country of birth, no. (%)
Scandinavia
Other European countries
Middle East/Africa
Other/unknown
Marital status, no. (%)
Married/registered partner
Unmarried
Divorced/separated
Educational level, no. (%)
Elementary school
High school
Vocational
Up to 4 years of higher
education
More than'4 years of higher
education
Unknown
Household.income, no. (%)
1* tertile (< 500,730 NOK)

2" tertile (500,731 to 846,668

NOK)
3" tertile (> 846,668 NOK)
Unknown
Parity
0
1
2
3 or higher

Dose 1 and
2 given
while not
pregnant or
postpartum
(n=6,687)

31.5 (6.4)

42 (34, 55)

5,082 (76.0)
494 (7.4)
427 (6.4)

684 (10.2)

4,226 (63:2)
1,995(29.8)
466\(7.0)

1,672 (25.0)
1,472 (22.0)

133 (2.0)
1,933 (28.9)

976 (14.6)
501 (7.5)

2,328 (34.8)
2,318 (34.7)

1,848 (27.6)
193 (2.9)

3,049 (45.6)
1,470 (22.0)
1,427 (21.3)

741 (11.1)

Dose 1 and 2
given during
the
postpartum
period

(n=1,856)
31.4 (6.1)

42 (34, 55)

1,452 (78.2)
130.(7.0)
104°(5.6)
170 (9.2)

1,173 (63.2)
560 (30.2)
123 (6.6)

414 (22.3)
409 (22.0)

26 (1.4)
558 (30.1)

310 (16.7)
139 (7.5)

625 (33.7)
655 (35.3)

495 (26.7)
81 (4.4)

835 (45.0)
469 (25.6)
386 (20.8)

166 (8.9)

Dose 1 and
dose 2
given
during
pregnancy

(n=7,412)
30.7 (6.0)

42.(34, 55)

5,882 (79.4)
494 (6.7)
410 (5.5)
626 (8.5)

4,787 (64.6)
2,201 (29.7)
424 (5.7)

1,725 (23.3)
1,548 (20.9)

105 (1.4)
2,313 (31.2)

1,239 (16.7)
482 (6.5)

2,532 (34.2)
2,712 (36.6)

1,950 (26.3)
218 (2.9)

3,225 (43.5)
1,974 (26.6)
1,509 (20.4)

704 (9.5)

One dose
during
pregnancy
and one
dose
before/after
pregnancy
(n=3,538)
30.9 (5.5)

49 (41,63)

2,781 (78.6)
270 (7.6)
187 (5.3)
300 (8.5)

2,154 (60.9)
1,219 (34.5)
165 (4.7)

582 (16.5)
723 (20.4)
49 (1.4)
1,239 (35.0)

702 (19.8)
243 (6.9)

1,144 (32.3)
1,312 (37.1)

962 (27.2)
120 (3.4)

1,358 (38.4)
1,121 (31.7)
759 (21.5)
300 (8.5)
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Chronic conditions, no. (%)
Diabetes
Cerebrovascular disease
Other chronic cardiovascular
disorders
Reduced immune function due
to medications
Chronic lung disease
Health-care worker

52 (0.8)
9(0.1)
46 (0.7)

79 (1.2)

237 (3.5)
658 (9.8)

12 (0.7)
<5(0.2)
15 (0.8)

18 (1.0)

63 (3.4)
187 (10.1)

68 (0.9)
6(0.1)
46 (0.6)

86 (1.2)

248 (3.4)
763 (10.3)

30(0.9)
5(0.1)
21 (0.6)

50 (1.4)

124 (3.5)
487 (13.8)
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Table 2 Relative vaccine effectiveness after two doses of an mRNA'COVID-19 vaccine according to pregnancy status at the time of vaccination

Vaccine

Any mRNA
vaccine

BNT162b2 °

mRNA-1273 °

Status at vaccination

Both doses while not pregnant
or postpartum

Both doses while postpartum
Both doses while pregnant

One dose during pregnancy.and
one dose before/after
pregnancy

Both doses while not pregnant
or postpartum

Both doses while postpartum
Both doses while pregnant

One dose during pregnancy and
onedose before/after
pregnancy

Both doses while not pregnant
or postpartum

Both doses while postpartum
Both doses while pregnant

One dose during pregnancy and
one dose before/after
pregnancy

Follow-up time
in days
997,382

278,263
1,113,284
526,406

546,313
150,777
614,760
297,246
155,002
47,698

179,117
79,853

Positive SARS-CoV-2 Unadjusted HR (95%

test, No.
1,500

414
1,531
746

727
192
772
369
260
86

295
132

Cl)
Ref

0.98 (0.88, 1.09)
0.90 (0.84, 0.97)
0.95 (0.87, 1.03)

Ref
0.94 (0.80, 1.10)
0.94 (0.85, 1.04)
0.94 (0.83, 1.06)
Ref
1.06 (0.83, 1.36)

0.98 (0.83, 1.15)
0.99 (0.80, 1.22)

Adjusted HR (95%

(o)
Ref

1.04 (0.94, 1.17)
0.99 (0.92, 1.07)
1.03 (0.93, 1.14)

Ref
1.04 (0.89, 1.22)
1.04 (0.93, 1.16)
1.06 (0.92, 1.23)
Ref
1.06 (0.83, 1.35)

0.99 (0.83, 1.20)
0.94 (0.74, 1.21)

? Adjusted for age, education, income, region of birth, marital status, parity and various underlying chronic conditions, number of days between

dose 1 and 2, in addition to pregnancy and booster as time-varying covariates.

b Homologous primary series.
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Table 3 Relative vaccine effectiveness after two doses of an mRNA'COVID-19 vaccine according to pregnancy status at the time of vaccination,

stratified by Delta- and Omicron-dominated time periods

Vaccine

Up to December 31,

2021
(Delta-dominant
period)

From January 1,
2022 onwards

(Omicron-dominant

period)

Status at vaccination

Both doses while not'pregnant
or postpartum

Both doses while postpartum
Both doses.while pregnant
One dose during pregnancy
and one dose before/after
pregnancy

Both doses while not pregnant
or postpartum

Both doses while postpartum
Both doses while pregnant
One dose during pregnancy
and one dose before/after
pregnancy

Follow-up time in Positive SARS-

days
732,849

204,720
816,351
384,851

264,533
73,543

296,933
141,555

CoV-2 test, No.

281

73
270
131

1,219

341

1,261
615

Unadjusted
HR (95% Cl)
Ref

0.94 (0.72, 1.21)
0.86 (0.73, 1.02)
0.88 (0.71, 1.08)

Ref
1.01 (0.89, 1.14)

0.92 (0.85, 1.00)
0.94 (0.86, 1.04)

Adjusted
HR (95% ClI) ®
Ref

1.01 (0.78, 1.30)
0.98 (0.80, 1.19)
1.00 (0.78, 1.27)

Ref
1.06 (0.94, 1.20)

1.03 (0.94, 1.12)
1.04 (0.93, 1.16)

* Adjusted for age, education, income, region of birth, marital status, parity and various underlying chronic conditions, in addition to pregnancy
and booster as time-varying covariates.
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Table 4 Relative vaccine effectiveness after the booster dose of an'mRNA COVID-19 vaccine according to pregnancy status at the time of

vaccination

Status at booster vaccination Follow-up time in days Positive SARS-CoV-2 Unadjusted
test, No. HR (95% ClI)

Not pregnant or postpartum 18,479 39 Ref

Postpartum 3,834 8 0.98 (0.46, 2.10)

Pregnant 52,820 103 0.94 (0.65, 1.35)

? Adjusted for age, education, income, region of birth, marital status, parity and various underlying chronic conditions, time between dose 2

and 3 in days, in addition to pregnancy as time-varying covariate.

Adjusted

HR (95% ClI) ®
Ref

1.12 (0.52, 2.41)
1.24 (0.84, 1.84)
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Figure legends

Figure 1 Calendar date of administration of the second mRNA COVID-19 vaccine according to

pregnancy status at the time of vaccination

Figure 2 Cumulative incidence of SARS-CoV-2 infection 214 days after the second dose of an

mRNA COVID-19 vaccine according to pregnancy status at the time of vaccination

The time axis reflects the number of days counting from 14 days after the second dose of an

mMRNA COVID-19 vaccine was administered.

Figure 3 Cumulative incidence of SARS-CoV-2 infection 214 days after the booster dose of an

mRNA COVID-19 vaccine according to pregnancy status at the time of vaccination

The time axis reflects the number of days from 14 days after the booster (third) vaccine dose of

an mRNA vaccine against SARS-CoV-2 was administered.
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