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Vaccines against SARS-CoV-2 are highly effective in preventing severe disease and mortality. Although
pregnant women are at increased risk of severe COVID-19, vaccination uptake among pregnant women
varies. We used the Swedish and Norwegian population-based health registries to identify pregnant
women and to investigate background characteristics associated with not being vaccinated. In this study
of 164 560 women giving birth between May 2021 and May 2022, 78% in Sweden and 87% in Norway
have been vaccinated with at least one dose at delivery. Not being vaccinated while being pregnant

Keywords: was associated with age below 30 years, low education and income level, birth region other than
COVID-19 vaccination uptake . . . . .. . . .

Pregnancy Scandinavia, smoking during pregnancy, not living with a partner, and gestational diabetes. These results
Register can assist health authorities develop targeted vaccination information to diminish vaccination inequality

Birth country
Education level

and prevent severe disease in vulnerable groups.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

Pregnant women are at increased risk of severe COVID-19 com-
pared to the non-pregnant population [1] and pregnant women
hospitalized due to COVID-19 are predominantly unvaccinated
[2]. Vaccines against SARS-CoV-2 are highly effective at preventing
severe COVID-19 infection, hospitalization and mortality, both in
the general population [3,4] and in pregnant women [5]. Reduction
of morbidity and mortality of COVID-19 therefore depends on the
availability and uptake of vaccination [2].

Although safety data on SARS-CoV-2 vaccinations during preg-
nancy is limited, current growing evidence has not detected any
safety signals of concern [6,7]. Despite recommendations for preg-
nant women to get vaccinated, the vaccine uptake has been lower
among pregnant than non-pregnant women of fertile age in several
countries [8-10]. Existing studies from the UK and Israel suggest
that unvaccinated pregnant women were younger [8,10], had
lower socioeconomic status [8,10,11] and were more often of

* Corresponding author at: Clinical Epidemiology Division, Karolinska Institutet,
Karolinska Universitetssjukhuset, Solna, T2:02, 171 76 Stockholm, Sweden.
E-mail address: Anne.ortqvist@ki.se (A.K. Ortquist).

https://doi.org/10.1016/j.vaccine.2022.06.083
0264-410X/© 2022 The Authors. Published by Elsevier Ltd.

non-white ethnicity [8] compared to vaccinated pregnant women.
More knowledge about groups who are hesitant to get vaccinated
while being pregnant will contribute to identify pregnant women
who will benefit from targeted information.

The Swedish and Norwegian population-based registries pro-
vide a unique possibility to follow birthing women and their preg-
nancies as the pandemic develops. Our objective was to describe
vaccine uptake in delivering women in Sweden and Norway and
the background characteristics associated with vaccine coverage
and vaccinations while being pregnant.

2. Methods
2.1. Study population

This registry-based cohort study included women giving birth
after 22 gestational weeks from May 2021 through May 2022,
identified from the Swedish Pregnancy Register and the Medical
Birth Register of Norway. The Swedish Pregnancy Register covers
94% of all births (18 of 21 health care regions) in Sweden, while
the Medical Birth Registry of Norway includes all births.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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2.2. Vaccination data

Up to end of May 2021 in Sweden and August 2021 in Norway,
vaccination was only recommended to pregnant women with a
high risk of severe COVID-19. Thereafter, a general recommenda-
tion for pregnant women to get vaccinated was issued, although
women were recommended to wait with vaccinations to after
12 weeks of gestation. In Sweden, as availability of vaccines was
restricted initially, vaccination was still being prioritized based
on age (oldest first). From August 2021, however, the vaccine
was available to all above 18 years of age in both countries. Since
January 2022, women in Norway have been recommended vacci-
nation regardless of trimester. A time line of vaccine recommenda-
tions is presented in Fig. 1.

The unique personal identity number assigned to all citizens in
Sweden and Norway at birth or immigration, enabled linkage of
vaccination data from the Swedish Vaccination Register at the Pub-
lic Health Agency of Sweden and from the Norwegian Immuniza-
tion Register held by the Norwegian Institute of Public Health, to
the birth registries. The number of doses, type and date of admin-
istration were identified from the vaccination registers.

Two types of mRNA vaccines from Pfizer-BioNTech (BNT162b2)
and Moderna (mRNA-1273) and one viral vector vaccine from
AstraZeneca (AZD1222), have been available in both Sweden and
Norway. In Sweden, the AZD1222 was not recommended to
individuals younger than 65 years from March 16, 2021 and not

Sweden

December 27, 2020

Vaccinations started

Eligible: Specified high risk groups (underlying medical
conditions and diseases), residents at nursing homes,
health care workers and prioritized by age (oldest first).
Pregnant women not included in recommendations.

April 27, 2021
Pregnant women with risk factors for severe
COVID-19 recommended to get vaccinated

after 12 weeks of gestation?
Eligible: age >35, BMI> 30, chronic diseases, diabetes,
immune deficiencies

May 25, 2021
All pregnant women recommended to get
vaccinated after 12 weeks of gestation

August 15, 2021

Vaccine availability excellent and everyone
above 18 years of age were recommended
and could get vaccinated

December 1, 2021
Vaccine passes compulsory for public events
with more than 100 participants

February 9, 2022
Vaccine passes not longer compulsory,
diminished restrictions and testing
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recommended to pregnant women [12]. In Norway, AZD1222
was not recommended at all after May 12, 2021 [13].

Women were regarded as vaccinated if they received at least
one dose at any time before delivery (either prior pregnancy or
while being pregnant). Women were defined as vaccinated while
pregnant if the date of administration occurred between the esti-
mated start of pregnancy and the date of delivery. The start of
pregnancy was estimated using the date of delivery minus the esti-
mated pregnancy length, as defined from routine ultrasound scans
performed in 98% of pregnancies, or on last menstrual period if
ultrasound-based estimates were missing.

2.3. Background characteristics

Background characteristics were divided into three groups: 1)
maternal characteristics: including age, early pregnancy body
mass index, parity, education level, income (in tertiles), region
of birth, smoking status in early pregnancy and cohabitation
with partner; 2) pre-pregnancy comorbidities: including dia-
betes, chronic hypertension, cardiovascular disease, renal disease,
lung disease/asthma and thrombosis; and 3) pregnancy related
factors: including pre-eclampsia/HELLP syndrome (Hemolysis,
Elevated Liver Enzymes, Low platelet counts)/eclampsia, gesta-
tional diabetes and multiple pregnancy. In Sweden, education
and income level were only available up until October 11,
2021 from Statistics Sweden.

Norway

December 27, 2020

Vaccinations started

Eligible: Residents at nursing homes, health care workers,
specified high risk groups (underlying medical conditions
and diseases) and prioritized by age (oldest first).
Pregnant women not included in recommendations

April 29, 2021

Pregnant women, after 12 weeks of gestation,
could be considered for vaccination if the
benefits outweighed the risks (also for
pregnant women living in areas with a high
infectious burden who did not have underlying
risk conditions)?

August 18, 2021

Vaccine availability excellent and everyone
above 18 years of age, including pregnant
women after 12 weeks of gestation

recommended to get vaccinated. Vaccination
during first trimester could be considered among women
with underlying risk conditions or among women with a
high risk of getting infected.

January 31, 2022
Pregnant women recommended to get
vaccinated regardless of trimester

Fig. 1. Time line of vaccine recommendations in Sweden and Norway. Footnote: * Up until May 1, 2021 one pregnant individual was vaccinated in Sweden and no one in

Norway.
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2.4. Statistical analyses

The statistical analyses were performed separately for each
country according to a common study protocol. Descriptive statis-
tics including the proportion of pregnant women vaccinated with
at least one dose while pregnant and type of vaccine for the last
given dose were calculated. To show vaccination status among
delivering women over time, the proportion of vaccinated women
with at least one, two and three doses at the time of delivery (in-
dependent on the doses being administered prior pregnancy or
while pregnant) between May 2021 and May 2022 was calculated
based on a 7-day moving average.

To assess hesitancy to get vaccinated while being pregnant, a
Poisson regression with log-link and robust standard errors was
used to estimate risk ratios (RR) with 95% confidence interval
(CI) for the association between background characteristics and

not being vaccinated with at least one dose of vaccine while preg-
nant. Two study periods were used: 1) the full study period start-
ing in May 1, 2021; and 2) a restricted study period starting in
August 15, 2021 as from this point forward everyone above
18 years of age were recommended vaccination and availability
of vaccine was excellent. End of follow-up was May 24, 2022 for
both study periods. First, crude RRs were estimated for the full
study period. Secondly, crude and age-adjusted RRs were esti-
mated for the restricted study period. For estimates on character-
istics of education and income, only those above 30 years were
included in the age-adjusted analyses, as prior to this age, few have
attained their highest education and income. A sensitivity analysis
excluding those that had only been vaccinated prior pregnancy
was performed.

Statistical analyses were performed with SAS version 9.4 (Swe-
den) and Stata version 16 (Norway).

Ethical approval

This study was approved by the Swedish Ethical Review Author-
ity (approval numbers: 2020-01499, 2020-02468, 2021-00274)
and Regional Committee for Medical and Health Research Ethics
of South/East Norway (#141135). Each committee provided a
waiver of consent for participants.

3. Results

In Sweden, 48 317 of 108 715 (44%) women registered with a
birth during the full study period and 43 591 of 76 638 (57%) dur-
ing the restricted study period, were vaccinated with at least one
dose while pregnant. Of 55 845 women registered with a birth in
Norway, 21 195 (38%) were vaccinated with at least one dose while

Table 1
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pregnant during the full study period, and 20 931 of 38 447 (54%)
during the restricted study period.

Table 1 shows the type of administered vaccine of last given
dose among those vaccinated with at least one dose while preg-
nant. The majority was vaccinated with BNT162b2 (77%), 23% with
mRNA-1273 and < 1% with AZD1222.

As shown in Fig. 2, the proportion of women vaccinated with at
least one, two and three doses of vaccine at the time of delivery
(including doses given prior pregnancy) based on the 7-day mov-
ing average increased steadily since the vaccinations started in
May 2021. As of May 2022, 78% in Sweden and 87% in Norway have
been vaccinated with at least one dose.

Background characteristics and vaccination while pregnant are
presented in Table 2 (Sweden) and Table 3 (Norway). Several back-
ground characteristics were associated with hesitancy to get vacci-
nated, with similar RRs for the full and restricted study period and
after age adjustment in both countries. The RRs for the restricted
study period showed a hesitancy to get vaccinated for women
younger than 30 years of age (RR range 1.15-1.76) and above
40 years of age (only in Norway: RR 1.12), and for women being
multiparous (age-adjusted RR aRR range 1.11-1.18), with less than
12 years of education ([aRR] range 1.36-1.74), being born outside
Scandinavia (aRR range 1.23-2.06), those smoking during preg-
nancy (aRR range 1.25-1.49), living alone (aRR range 1.26-1.33)
and those with gestational diabetes (aRR range 1.16-1.18). The
vaccine uptake was higher (indicated as RR below 1 of being
unvaccinated) in pregnant women with higher income levels,
pre-pregnancy comorbidities and preeclampsia. In Sweden,
women with lower (aRR 1.12) and higher BMI (aRR 1.07) compared
to normal weight women were more hesitant to get vaccinated
while pregnant, while this was only seen for those with lower
BMI (aRR 1.14) in Norway. No difference in effect estimates was
seen after exclusion of those only vaccinated prior pregnancy
(<2% of the full study period population).

4. Discussion

In this population-based cohort study of birthing women in
Sweden and Norway from May 2021 through May 2022, lower vac-
cination uptake in pregnant women was associated with low levels
of education and income, being born outside Scandinavia, smoking
during pregnancy and living alone, together with young age. The
overall vaccination coverage in Sweden and Norway is high, with
approximately 77% of women in fertile age in Sweden [14], and
85% in Norway having received two doses of vaccine [15]. During
the beginning of the study period, when the availability of vaccines
was limited and when only women at high risk were recom-
mended to get vaccinated, the overall vaccine uptake in delivering
women was lower. However, there was a substantial increase in

Type of administered vaccine of last given dose among those vaccinated with at least one dose while pregnant, May 1, 2021 to May 24, 2022 in Sweden and Norway.

Sweden (N =48 317)

Norway (N = 21 195)

Dose 1° Dose 2° Dose 3¢ Dose 1° Dose 2" Dose 3¢

n = 5787 (11.9) n = 32 470 (67.2) n =10 060 (20.8) n = 3915 (18.5) n =15 229 (71.9) n = 2051 (9.7)
Type of vaccine - n (%)
BNT162b2 (Pfizer-BioNTech) 4568 (78.9) 26 657 (82.1) 7832 (77.9) 2599 (66.4) 10 102 (66.3) 1716 (83.7)
mRNA-1273 (Moderna) 1130 (19.5) 5718 (17.6) 2227 (22.1) 1316 (33.6) 5127 (33.7) 335(16.3)
AZD1222 (AstraZeneca) 89 (1.5) 95 (0.3) 1(0.01) 0 0 0

2 Women in category “dose 1", corresponds to those that were given their first dose of vaccine while pregnant, and not taken the second or third dose while pregnant.
b A women only counts once, meaning that if she received dose 2 while pregnant she is in category “dose 2" regardless of whether dose 1 was given prior pregnancy or

while being pregnant.

¢ If she received dose 3 while pregnant she is in category “dose 3”, regardless of whether dose 1 and/or 2 was given prior pregnancy or while being pregnant. Women only
vaccinated before pregnancy are not included in the table (<2% of the full study period population).
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Sweden 1 dose

87% Sweden 2 doses

80% e Sweden 3 doses
o
8% = Norway 1 dose
74%
e Norway 2 doses

e Norway 3 doses

43%

25%

Fig. 2. Proportion of vaccinated delivering women between May 2021 through May 2022 in Sweden and Norway, based on a 7-day moving average. Footnote: One, two and
three doses corresponds to those vaccinated with at least one, two or three doses of vaccine at delivery, and thus includes women that may have been vaccinated prior

pregnancy.

vaccination of delivering women during the autumn of 2021, with
the uptake up to May 2022 corresponding to the overall vaccine
uptake among women of fertile ages.

Nevertheless, a group of pregnant women are hesitant to get
vaccinated while pregnant and remains unvaccinated. With preg-
nant women being at higher risk of severe COVID-19, and as
infants born to women with severe COVID-19 are at increased risk
of adverse perinatal outcomes [16,17], vaccination will prevent
subsequent morbidity and mortality of COVID-19 [2], as well as
protect the infant from COVID-19 infection [18]. By presenting
population-based real-world data of vaccination coverage in birth-
ing women and vaccine uptake during pregnancy in two Scandina-
vian countries, our results can assist health care organizers to
target specific vulnerable groups to increase vaccination uptake.

Hesitancy towards vaccines in the general population is a multi-
factored phenomenon affected by socio-demographic, political,
cognitive, psychologic and cultural factors and may differ across
countries [19,20]. In the context of SARS-CoV-2 vaccines and preg-
nancy, the speed during which the vaccines were developed, the
exclusion of pregnant women from the first clinical trials [2], in
addition to initial recommendations against routine vaccination
in pregnancy that were later changed as safety data accumulated
[8], may have contributed to vaccine hesitancy among pregnant
women.

Similar to previous studies which investigated vaccine uptake
at single-center birth hospitals and showed that those with high
levels of deprivation were less likely to be vaccinated compared
to those of higher socioeconomic position [8,11], we found that
low education level was associated with not being vaccinated.

4689

Similar results have been observed in the general population
[21].

It has been shown that ethnic minority groups are more likely
to suffer from severe disease, hospitalization and death due to
COVID-19 [22]. We did not have information on ethnicity. How-
ever, our results show that being born outside Scandinavia was
associated with lower rates of vaccination while pregnant. This is
consistent with findings from the general population in both Swe-
den and Norway, and among Swedish health care workers [23].
Targeted information to vulnerable groups is necessary while chal-
lenging [19,21].

Even after restricting the cohort to the time period when all
pregnant women independent of risk factors were recommended
and able to get vaccinated, and after adjustment for age, we found
that women with pre-pregnancy comorbidities were more likely to
get vaccinated during pregnancy. It is possible that these women
were less hesitant to get vaccinated as they had additional risk fac-
tors for severe COVID-19 [17].

This study took advantage of the population-based prospec-
tively collected data in vaccination registers to identify vulnerable
groups not being vaccinated, however the study was limited by not
being able to target specific reasons for vaccine hesitancy or how
the introduction of compulsory vaccination passes, for instance,
may have affected vaccination rates. And while our current data
show similar uptake among women giving birth and non-
pregnant individuals in both Sweden and Norway, this is not the
case for other countries [9]. Thus, it is of importance for future
studies to look at vaccine hesitancy among pregnant women in
particular.
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Table 2
Association between background characteristics and not being vaccinated while pregnant, May 1, 2021 and May 24, 2022 (n = 108 715) and August 15, 2021 and May 24, 2022 (n = 76 638) in Sweden.

Characteristics

Full study period:

May 1, 2021 to May 24, 2022

Restricted study period:
August 15, 2021 to May 24, 2022

Overall (vaccinated At least one dose Not vaccinated Risk Ratio At least one dose Not vaccinated Risk Ratio Age-adjusted Risk Ratio
and not vaccinated) while pregnant while pregnant (95% Confidence while pregnant while pregnant (95% Confidence (95% Confidence Interval)
N =108 715 n =48 317 n = 60 398 Interval) n =43 591 n = 33 047 Interval)

Maternal age (years) - n (%)

<20 1092 (1.0) 270 (0.6) 822 (1.4) 1.44 (1.39, 1.49) 261 (0.6) 533 (1.6) 1.76 (1.67, 1.85)

20-24 10 262 (9.4) 3043 (6.3) 7219 (12.0) 1.34 (1.32, 1.36) 2847 (6.5) 4387 (13.3) 1.59 (1.55, 1.62)

25-29 35038 (32.2) 14 337 (29.7) 20 701 (34.3) 1.13 (1.11, 1.14) 13 244 (30.4) 11 383 (34.4) 1.21 (1.19, 1.23)

30-34 40 664 (37.4) 19 367 (40.1) 21297 (35.3) Reference 17 651 (40.5) 10 922 (33.0) Reference

35-39 17 862 (16.4) 9376 (19.4) 8486 (14.1) 0.91 (0.89, 0.92) 7931 (18.2) 4717 (14.3) 0.98 (0.95, 1.00)

>40 3797 (3.5) 1924 (4.0) 1873 (3.1) 0.94 (0.91, 0.97) 1657 (3.8) 1105 (3.3) 1.05 (1.00, 1.10)

BMI (kg/m?) - n (%)

<18.5 2269 (2.1) 876 (1.8) 1393 (2.3) 1.11 (1.07, 1.14) 820 (1.9) 787 (2.4) 1.17 (1.11, 1.23) 1.12 (1.06, 1.18)

18.5-<25 54 627 (50.2) 24 326 (50.3) 30301 (50.2) Reference 22 158 (50.8) 15 947 (48.3) Reference Reference

25-<30 29 686 (27.3) 12 788 (26.5) 16 898 (28.0) 1.03 (1.01, 1.04) 11 668 (26.8) 9422 (28.5) 1.07 (1.05, 1.09) 1.07 (1.05, 1.09)

>30 18 087 (16.6) 8589 (17.8) 9498 (15.7) 0.95 (0.93, 0.96) 7375 (16.9) 5592 (16.9) 1.03 (1.01, 1.05) 1.03 (1.00, 1.05)

Missing 4046 (3.7) 1738 (3.6) 2308 (3.8) 1570 (3.6) 1299 (3.9)

Parity — n (%)

Nulliparous 46 303 (42.6) 21 068 (43.6) 25 235 (41.8) Reference 19 229 (44.1) 13 573 (41.1) Reference Reference

Multiparous

62 412 (57.4)

Educational level (years) - n (%)*"

<9

10-12

>12

Missing

Income - n (%)™

1st tertile

2nd tertile

3rd tertile

Missing

Birth country - n (%)
Scandinavia

Other European countries
Middle East/ Africa
Other

Missing

Smoking status - n (%)
Non-smoker

Smoker

Missing

Living with partner - n (%)
Yes

No

Missing

4673 (9.7)
18 781 (39.0)
23 753 (49.4)
915 (1.9)

15 651 (32.5)
15 602 (32.4)
15 460 (32.1)
1409 (2.9)

73 730 (67.8)
7491 (6.9)
16 193 (14.9)
4972 (4.6)
6329 (5.8)

101 479 (93.3)
3381 (3.1)
3855 (3.5)

98 269 (90.4)
8010 (7.4)
2436 (2.2)

Pre-pregnancy comorbidity — n (%)

Any*

41312 (38.0)

Pregnancy related factors - n (%)

Gestational diabetes
Preeclampsia
Multiple pregnancy

6318 (5.8)
3785 (3.5)
1418 (1.3)

27 249 (56.4)

453 (4.0)
3494 (31.2)
7145 (63.8)
102 (0.9)

2559 (22.9)
3684 (32.9)
4802 (42.9)
149 (1.3)

37 236 (77.1)
1969 (4.1)
3547 (7.3)
2357 (4.9)
3208 (6.6)

45 689 (94.6)
887 (1.8)
1741 (3.6)

44 442 (92.0)
2790 (5.8)
1085 (2.2)

19 917 (41.2)
2655 (5.5)

1855 (3.8)
633 (1.3)

35 163 (58.2)

4220 (11.4)
15 287 (41.4)
16 608 (45.0)
813 (2.2)

13 092 (35.5)
11 918 (32.3)
10 658 (28.9)
1260 (3.4)

36 494 (60.4)
5522 (9.1)
12 646 (20.9)
2615 (4.3)
3121 (5.2)

55 790 (92.4)
2494 (4.1)
2114 (3.5)

53 827 (89.1)
5220 (8.6)
1351 (2.2)

21 395 (35.4)
3663 (6.1)

1930 (3.2)
785 (1.3)

1.03 (1.02, 1.05)

1.29 (1.28, 1.31)
1.16 (1.15, 1.18)
Reference

Reference
0.91 (0.90, 0.92)
0.82 (0.81, 0.83)

Reference

1.49 (1.47, 1.51)
1.58 (1.56, 1.60)
1.06 (1.03, 1.09)

Reference
1.34(1.31, 1.37)

Reference
1.19 (1.17, 1.21)

0.89 (0.88, 0.91)
1.05 (1.02, 1.07)

0.92 (0.89, 0.94)
1.00 (0.95, 1.04)

24 362 (55.9)

271 (4.2)
2096 (32.4)
4034 (62.4)
67 (1.0)

33237 (76.2)
1705 (3.9)
3325 (7.6)
2123 (4.9)
3201 (7.3)

41 179 (94.5)
807 (1.9)
1605 (3.7)

40 103 (92.0)
2511 (5.8)
977 (2.2)

17 816 (40.9)
2299 (5.3)

1662 (3.8)
567 (1.3)

19 474 (58.9)

1275 (13.3)
4190 (43.8)
3834 (40.0)
278 (2.9)

3733 (39.0)
2965 (31.0)
2415 (25.2)
464 (4.8)

17 393 (52.6)
3248 (9.8)
8025 (24.3)
1430 (4.3)
2951 (8.9)
30 274 (91.6)

1570 (4.8)
1203 (3.6)

29017 (87.8)
3259 (9.9)
771 (2.3)

11 293 (34.2)
2113 (6.4)

1005 (3.0)
439 (1.3)

1.07 (1.06, 1.09)

1.69 (1.64, 1.75)
1.37 (1.33, 1.41)
Reference

Reference
0.82 (0.80, 0.84)
0.67 (0.65, 0.69)

Reference

1.91 (1.86, 1.95)
2.06 (2.02, 2.09)
1.17 (1.12, 1.22)

Reference
1.56 (1.51, 1.61)

Reference
1.35 (1.31, 1.38)

0.85 (0.83, 0.86)
1.12 (1.08, 1.15)

0.87 (0.83, 0.91)
1.01 (0.94, 1.09)

1.18 (1.16, 1.20)

1.74 (1.66, 1.83)
1.36 (1.31, 1.42)
Reference

Reference
0.79 (0.76, 0.83)
0.64 (0.62, 0.67)

Reference

1.96 (1.91, 2.00)
2.03 (2.00, 2.07)
1.23 (1.18, 1.28)

Reference
1.49 (1.44, 1.53)

Reference
1.33 (1.30, 1.36)

0.86 (0.84, 0.87)
1.16 (1.12, 1.20)

0.87 (0.83, 0.91)
1.04 (0.97, 1.11)
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2 Information available from Statistics Sweden up to October 11, 2021 which implies information on 44% (48 122/108 715) of the cohort from May 1, 2021 and 21% (16 045/76 638) of the cohort from August 15, 2021.
b For the age-adjusted analysis of education and income, only those above 30 years of age and with data from Statistics Sweden are included, which implies 57% (49 983/76 638) of the cohort from August 15, 2021.

¢ Income in Sweden was based on individual income and tertiles were based on pregnant population with delivery dates.

4 Includes diabetes, chronic hypertension, cardiovascular disease, renal disease, lung disease/asthma and thrombosis.
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Table 3
Association between background characteristics and not being vaccinated while being pregnant, May 1, 2021 and May 24, 2022 (n = 55 845) and August 15, 2021 and May 24, 2022 (n = 38 447) in Norway.

Characteristics

Full study period:

May 1, 2021 to May 24, 2022

Restricted study period:

August 15, 2021 to May 24, 2022

Overall (vaccinated At least one dose Not vaccinated Risk Ratio At least one dose Not vaccinated Risk Ratio Age-adjusted Risk Ratio
and not vaccinated) while pregnant while pregnant (95% Confidence while pregnant while pregnant (95% Confidence (95% Confidence Interval)
N =55 845 n=21195 n = 34 650 Interval) n=20931 n=17 516 Interval)

Maternal age (years) - n (%)

<20 480 (0.9) 121 (0.6) 359 (1.0) 1.26 (1.19, 1.33) 120 (0.6) 206 (1.2) 1.52 (1.40, 1.66)

20-24 5265 (9.4) 1615 (7.6) 3650 (10.5) 1.17 (1.14, 1.19) 1598 (7.6) 2097 (12.0) 1.37 (1.32, 1.42)

25-29 18 715 (33.5) 6769 (31.9) 11 946 (34.5) 1.07 (1.06, 1.09) 6706 (32.0) 6157 (35.2) 1.15(1.12, 1.19)

30-34 21 224 (38.0) 8600 (40.6) 12 624 (36.4) Reference 8485 (40.5) 6007 (34.3) Reference

35-39 8680 (15.5) 3529 (16.7) 5151 (14.9) 1.00 (0.98, 1.02) 3475 (16.6) 2574 (14.7) 1.03 (0.99, 1.06)

>40 1481 (2.7) 561 (2.7) 920 (2.7) 1.04 (1.00, 1.09) 547 (2.6) 475 (2.7) 1.12 (1.5, 1.20)

BMI (kg/m?) - n (%)

<18.5 1690 (3.0) 567 (2.7) 1123 (3.2) 1.08 (1.04, 1.12) 555 (2.7) 616 (3.5) 1.17 (1.11, 1.24) 1.14 (1.08, 1.21)

18.5-<25 30293 (54.2) 11 617 (54.8) 18 676 (53.9) Reference 11 493 (54.9) 9367 (53.5) Reference Reference

25-<30 7857 (14.0) 4811 (22.7) 7857 (22.7) 1.01 (0.99, 1.02) 4754 (22.7) 3972 (22.7) 1.01 (0.99, 1.04) 1.01 (0.98, 1.04)

>30 4725 (8.5) 3044 (14.4) 4725 (13.6) 0.99 (0.97, 1.01) 2995 (14.3) 2472 (14.1) 1.01 (0.9, 1.04) 1.00 (0.96, 1.03)

Missing 3425 (6.1) 1156 (5.5) 2269 (6.5) 114 (5.4) 1089 (6.2)

Parity - n (%)

Nulliparous 23 712 (42.5) 9313 (43.9) 14 399 (41.6) Reference 9189 (43.9) 7254 (41.4) Reference Reference

Multiparous 32 133 (57.5) 11 882 (56.1) 20 251 (58.4) 1.04 (1.02, 1.05) 11 742 (56.1) 10 262 (58.6) 1.06 (1.03, 1.08) 1.11 (1.09, 1.14)

Educational level (years) - n (%)*

<9 7507 (13.4) 2153 (10.2) 5354 (15.5) 1.28 (1.25, 1.30) 2132 (10.2) 3161 (18.0) 1.68 (1.63, 1.73) 1.74 (1.67, 1.82)

10-12 10 656 (19.1) 3734 (17.6) 6922 (20.0) 1.16 (1.14, 1.18) 3700 (17.7) 7617 (43.5) 1.40 (1.36, 1.44) 1.39 (1.34, 1.46)

>12 31662 (56.7) 13 968 (65.9) 17 694 (51.0) Reference 13 777 (65.8) 3696 (21.1) Reference Reference

Missing 6020 (10.8) 1340 (6.3) 4680 (13.5) 1322 (6.3) 3042 (17.4)

Income - n (%)*

1st tertile 25 746 (46.1) 9315 (43.9) 16 431 (46.0) Reference 9201 (44.0) 8773 (50.1) Reference Reference

2nd tertile 14 845 (26.6) 5938 (28.0) 8907 (25.7) 0.94 (0.92, 0.96) 5876 (28.1) 4100 (23.4) 0.84 (0.92, 0.87) 0.80 (0.77, 0.83)

3rd tertile 11 631 (20.8) 5061 (23.9) 6570 (18.9) 0.89 (0.87, 0.90) 4984 (23.8) 2788 (15.9) 0.73 (0.71, 0.76) 0.66 (0.63, 0.70)

Missing 3623 (6.5) 881 (4.2) 2742 (7.9) 870 (4.2) 1855 (10.6)

Birth country - n (%)

Scandinavia 41 280 (74.1) 17 767 (83.9) 23513 (68.1) Reference 17 565 (83.9) 10 679 (61.0) Reference Reference

Other European countries 1336 (6.3) 4840 (14.0) 1.37 (1.35, 1.40) 1310 (6.3) 2979 (17.0) 1.84 (1.79, 1.88) 1.89 (1.84, 1.93)
6176 (11.1)

Middle East/ Africa 4017 (7.2) 633 (3.0) 3384 (9.8) 1.48 (1.46, 1.50) 626 (3.0) 2241 (12.8) 2.07 (2.02, 2.12) 2.06 (2.01, 2.11)

Other 4218 (7.6) 1437 (6.8) 2781 (8.1) 1.16 (1.13, 1.18) 1409 (6.7) 1517 (8.7) 1.37 (1.21, 1.42) 1.43 (1.37, 1.48)

Missing 7 (0.01) 2 (0.01) 5(0.01) 21(0.1) 100 (5.7)

Smoking status - n (%)

Non-smoker 47 208 (84.5) 18 202 (85.9) 29 006 (83.7) Reference 17 984 (85.9) 14 450 (82.5) Reference Reference
Smoker 2589 (4.6) 789 (3.7) 1800 (5.2) 1.13 (1.10, 1.16) 770 (3.7) 969 (5.5) 1.25 (1.20, 1.31) 1.25 (1.19, 1.30)
Missing 6048 (10.8) 2204 (10.4) 3844 (11.1) 2177 (10.4) 2097 (12.0)

Living with partner - n (%)

Yes 52 713 (94.4) 20226 (95.4) 32 487 (93.8) Reference 19 983 (95.5) 16 324 (93.2) Reference Reference

No 2232 (4.0) 680 (3.2) 1152 (3.3) 1.13 (1.10, 1.16) 666 (3.2) 877 (5.0) 1.26 (1.21, 1.32) 1.26 (1.21, 1.32)
Missing 900 (1.6) 289 (1.4) 611 (1.8) 282 (1.3) 315 (1.8)

Pre-pregnancy comorbidity - n (%)

Any"” 5075 (9.1) 2146 (10.1) 2929 (8.5) 0.92 (0.90, 0.95) 2088 (10.0) 1416 (8.1) 0.88 (0.84, 0.91) 0.88 (0.84, 0.92)
Pregnancy related factors - n (%)

Gestational diabetes 3554 (6.4) 1217 (5.7) 2337 (6.7) 1.06 (1.03, 1.09) 1195 (5.7) 1275 (7.3) 1.14 (1.10, 1.19) 1.18 (1.13, 1.22)
Preeclampsia 1625 (2.9) 680 (3.2) 945 (2.7) 0.94 (0.90, 0.98) 669 (3.2) 480 (2.7) 0.91 (0.85, 0.98) 0.91 (0.85, 0.97)
Multiple pregnancy 776 (1.4) 319 (1.5) 457 (1.3) 0.95 (0.89, 1.01) 311 (1.5) 213 (1.2) 0.89 (0.80,0.99) 0.91 (0.82, 1.00)

‘ID 33 SNUSD D' “ISIMbJyDQ g IS1AbLIQ 'Y

? For the age-adjusted analysis of education and income, only those above 30 years of age are included. Income in Norway was based on household income and tertiles were calculated based on the pregnant population.
b Includes diabetes, chronic hypertension, cardiovascular disease, renal disease, lung disease/asthma and thrombosis.

269%-989% (220Z) OF du1IDA



AK. Ortquist, E. Dahlqwist, M.C. Magnus et al.
5. Conclusions

While vaccine uptake of delivering women in Sweden and Nor-
way were similar to the general population one year after the ini-
tial recommendations to pregnant women to get vaccinated, we
found that hesitancy to get vaccinated while pregnant was associ-
ated with lower socio-economic levels. Targeted intervention to
specific vulnerable groups may increase vaccination uptake in
groups with high risk of severe COVID-19.
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