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The association between maternal 
characteristics and SARS‑CoV‑2 
in pregnancy: a population‑based 
registry study in Sweden 
and Norway
Anne K. Örtqvist1,2*, Maria C. Magnus3, Jonas Söderling1, Laura Oakley3,4, 
Anne‑Marie Nybo Andersen5, Siri E. Håberg3 & Olof Stephansson1,6

The objectives of the current study were to identify risk factors for SARS‑CoV‑2 positivity, and to 
address how different testing strategies, choice of comparison group, and population background 
characteristics may influence observed associations. National registries data for 107,627 pregnant 
women in Sweden and 81,195 in Norway, were used to identify risk factors for SARS‑CoV‑2, separately 
for women under non‑universal testing (testing by indication) and universal testing (testing of all 
pregnant women in contact with a delivery ward). We also investigated underlying characteristics 
associated with testing for SARS‑CoV‑2. Overall, 2.1% of pregnant women in Sweden and 1.1% in 
Norway were test‑positive during the pandemic’s first 18 months. We show that the choice of test 
strategy for SARS‑CoV‑2 provided different associations with risk factors for the disease; for instance, 
women who were overweight, obese or had gestational diabetes had increased odds of being test‑
positive under non‑universal testing, but not under universal testing. Nevertheless, a consistent 
pattern of association between being born in the Middle East and Africa and test‑positivity was found 
independent of test strategy and in both countries. These women were also less likely to get tested. 
Our results are useful to consider for surveillance and clinical recommendations for pregnant women 
during the current and future pandemics.

Pregnant women are at higher risk for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection 
causing corona virus disease 2019 (COVID-19)1. While pregnant and non-pregnant women seem to be at similar 
risk of SARS-CoV-2 test-positivity2, previous studies have shown that pregnant women with COVID-19 are at 
increased risk of  hospitalization1,2, admission to intensive care  unit1,3 and invasive  interventions1, compared 
to non-pregnant women of reproductive age. There is also growing evidence of increased risks associated with 
maternal SARS-CoV-2 infection for fetuses and neonates, such as intrauterine  transmission4, preterm  birth1,5,6, 
neonatal  morbidities7 and fetal  death5.

Identifying risk factors associated with SARS-CoV-2 infection in pregnancy is important for surveillance 
and recommendations to pregnant women. A living systematic review and meta-analysis on COVID-19 in 
pregnancy by Allotey et al., has reported several risk factors for severe COVID-19 among pregnant women, 
including advanced maternal age, high body mass index (BMI), chronic hypertension, pre-existing diabetes 
and pregnancy-related disorders such as pre-eclampsia1. However, the meta-analysis of risk factors for SARS-
CoV-2 positivity during pregnancy independent of disease severity, only found non-white ethnicity to be a risk 
 factor1. Few previous studies have been population-based5,8–10, often limited to specific  hospitals11–14 or  regions15 
or limited to the first wave of the  pandemic9, and thus most studies predominantly include a small number of 
test-positive  women12,14,15. Furthermore, different test strategies, such as non-universal testing where testing is 
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performed by indication (for example, in the presence of symptoms) and thus excluding a large group of potential 
asymptomatic SARS-CoV-2 test-positive individuals, or using universal testing of all pregnant women (inde-
pendent of symptoms), may strongly influence previous  findings1,16. Under non-universal testing, difference in 
background characteristics, such as sociodemographic factors will also most likely affect the likelihood of getting 
tested or not, and thus affect who is included in such studies.

The objectives of the current study were to identify risk factors for SARS-CoV-2 positivity, and to address 
how different testing strategies, choice of comparison group, and population background characteristics may 
influence observed associations.

Material and methods
Study population and design. This registry-based study included women registered with a delivery after 
22 gestational weeks between March 2020 and January 2021 in the Swedish Pregnancy  Register17 and between 
March 2020 and August 2021 in the Medical Birth Registry of Norway. The Swedish Pregnancy Register covers 
94% of all births (live and stillbirths) after 22 completed gestational weeks in Sweden (18 of 21 regions), while 
the Medical Birth Registry in Norway includes all pregnancies ending in gestational week 12 or later. Both coun-
tries provide free health care during pregnancy. Unique personal identity numbers are assigned to all citizens 
in Sweden and Norway at birth or immigration enabling linkage of data across national registries. The Swedish 
data of deliveries was linked to the Total Population Register and Education Register at Statistics Sweden and 
the National Register for Communicable Disease (SmiNet) at the Public Health Agency. The Norwegian data 
of deliveries was linked to information from the National Population Register, educational information from 
Statistics Norway, and the Norwegian Surveillance System for Communicable Diseases (Fig. 1). The registers are 
described in more detail in the Supplementary Information.

Testing strategies and reporting of SARS‑CoV‑2. In Sweden, SARS-CoV-2 was included in the Swed-
ish Communicable Disease Act on 1st February, 2020, making all laboratory-confirmed polymerase chain reac-
tion (PCR) cases of SARS-CoV-2 mandatory to report within 24 h to SmiNet at the Public Health Agency of 
 Sweden7,18. Negative tests results are unfortunately not available on a national level. A non-universal population 
testing strategy was implemented including outpatient testing and contact tracing, starting in June 2020. This 

Figure 1.  Flow chart of study populations under non-universal and universal testing in Sweden and Norway. 
*The Swedish data of deliveries was linked to the Total population register and Education register at Statistics 
Sweden and the National Register for Communicable Disease (SmiNet at the Public Health Agency. The 
Norwegian data of deliveries was linked to information from the National population register, educational 
information from Statistics Norway, and the Norwegian Surveillance System for Communicable Diseases. 
#Non-universal testing mostly included symptomatic individuals, but it could also include individuals tested 
before and after travels, or after contact with other test-positive individuals and individuals subject to workplace 
testing. ¤Universal testing of all women admitted to the delivery ward or for other medical reasons requiring 
in-patient care were tested, independent of COVID-19 symptoms or not, was conducted in 23 of the 39 delivery 
hospitals covered by the Swedish Pregnancy Register. ∆As information on those with a negative test was not 
available for Swedish data, the comparison group in analysis of Swedish data included both those had been 
tested negative but also those not tested at all, i.e. non-positives. ¥Not tested for SARS-CoV-2.



3

Vol.:(0123456789)

Scientific Reports |         (2022) 12:8355  | https://doi.org/10.1038/s41598-022-12395-y

www.nature.com/scientificreports/

type of testing mostly included symptomatic individuals, but it could also include individuals tested before and 
after travels, or after contact with other test-positive individuals and individuals subject to workplace testing (e.g. 
healthcare workers)18. In 23 of the 39 delivery hospitals covered by the Swedish Pregnancy Register, universal 
testing of all women admitted for labor or pregnancy in-patient care, independent of their current and previous 
medical history and COVID-19 symptoms or not, were performed (Fig. 1). More information on the hospitals 
and dates for implementing universal testing can be found in the Supporting Information (Table S1).

In Norway, mandatory registration of all PCR tests for SARS-CoV-2 was implemented in the Norwegian 
Surveillance System for Communicable Diseases on 31st January, 2020. As Norway has not had any universal 
testing of pregnant or delivering women, a non-universal testing strategy was operating throughout the study 
period. Testing was predominantly conducted on the basis of symptoms to confirm or exclude SARS-CoV-2 
infection, with some additional testing conducted for particular reasons such as contact with infected persons, or 
mandatory testing due to travel or work. Information was available on all conducted tests, regardless of positive 
or negative result, providing the opportunity to evaluate characteristics of all women being tested in Norway, 
and to compare risk factors for test-positivity among those tested (Fig. 1).

For both Sweden and Norway, women were defined as test-positive during any time in pregnancy if they had 
a positive PCR test for SARS-CoV-2 between the estimated start of pregnancy and the date of delivery. The start 
of pregnancy was estimated using the date of delivery minus the estimated pregnancy length, as defined from 
routine ultrasound scans performed in 98% of pregnancies, or otherwise from last menstrual period. Number 
of days from a positive test to delivery was calculated based on date of delivery minus the test date. If several 
positive tests for SARS-CoV-2 were registered (n = 10), the first was used in the statistical analyses.

No one in the Swedish population had been vaccinated against COVID-19 during the study period, while 
428 (0.5%) women in the Norwegian population were vaccinated.

Investigated characteristics. Background characteristics potentially associated with SARS-CoV-2 test-
positivity were identified from previous studies and are described in the Supporting Information. These were 
divided into three groups: (1) maternal background characteristics including age, parity, early pregnancy BMI, 
education level, birth region, smoking status in early pregnancy, work situation, cohabitation with partner and 
number of persons in the household (only Sweden); (2) pre-existing co-morbidities including chronic hyperten-
sion, diabetes, lung disease/asthma, chronic kidney disease, cardiovascular disease, prior thrombosis; and (3) 
pregnancy related factors such as multiple pregnancy, pre-eclampsia/HELLP syndrome (Hemolysis, Elevated 
Liver Enzymes, Low platelet counts)/eclampsia, gestational diabetes, and whether the pregnancy was conceived 
by in vitro fertilization (IVF).

Statistical analyses. Analyses were conducted within each country separately according to a standardized 
study protocol. For women in Sweden, the associations between maternal characteristics, pre-existing co-mor-
bidities and pregnancy related factors with SARS-CoV-2 test-positivity, were analyzed with crude and adjusted 
logistic regression models separately for those under universal and non-universal testing. The comparison group 
(non-positive) included women who tested negative and those who were not tested. For women in Norway, 
crude and adjusted logistic regression analysis for underlying characteristics and test-positivity was performed. 
First, the Norwegian data was analyzed in the same way as the Swedish data and compared test-positive women 
to all other pregnant women in Norway (i.e. those not tested or test-negative). Secondly, to investigate the impact 
of testing strategy, risk factors in the test-positive women were compared to the test-negative women. Finally, 
characteristics associated with the likelihood of being tested for SARS-CoV-2 during pregnancy was examined 
in Norwegian data. All adjusted analyses included maternal age, education level and birth region.

All methods were performed in accordance with relevant guidelines and regulations. Statistical analyses were 
performed with SAS version 9.4 (Sweden) and Stata version 16 (Norway).

Ethical approval. This study was approved by the Swedish Ethical Review Authority (approval numbers: 
dnr 2020-01499, dnr 2020-02468, dnr 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.

Results
In total, 107,627 women with 107,699 completed pregnancies in Sweden, and 81,195 women with 81,587 com-
pleted pregnancies in Norway were included in the study (Fig. 1). In Sweden, 2.1% (n = 2222) of pregnant women 
tested positive for SARS-CoV-2 during the study period, of which 36% were identified through universal testing 
and 64% in non-universal testing. In Norway, 1.1% (n = 929) of pregnant women tested positive during the study 
period. Pregnant women in Sweden were tested 39 days (median) before delivery (interquartile range (IQR) 8; 
88), with a median of 26 days (IQR 1; 65) for those under universal testing and 46 days (IQR 13; 101) for those 
under non-universal testing. In Norway, pregnant women were tested approximately 98 days (median) before 
delivery (IQR 44; 161).

Characteristics of SARS‑CoV‑2 test‑positive pregnant women in Sweden. Table  1 shows the 
characteristics of test-positive pregnant women in Sweden. Being overweight or obese (adjusted Odds Ratio 
(aOR) range 1.21–1.54, and having gestational diabetes (aOR 1.67, 95% Confidence Interval (CI) 1.38–2.01), 
was associated with increased odds of test-positivity in pregnant women under non-universal testing, but not 
for women under universal testing. Women born in other European countries (aOR 1.28, 95% CI 1.06–1.54) 
and in the Middle East or Africa (aOR 1.79, 95% CI 1.56–2.05) were more likely to be test-positive than those 
born in Scandinavia in analyses of women under non-universal testing. The association remained for women 
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Characteristics

Non-universal testing Universal testing

Test-positive
n = 1419

Non-Positive 
n = 91,706 Unadjusted model

Adjusted for age, 
birth region and 
education*

Test-positive
n = 803

Non-Positive
n = 13,771 Unadjusted model

Adjusted for age, 
birth region and 
education*

n (%) n (%) OR (95% CI) OR (95% CI) n (%) n (%) OR (95% CI) OR (95% CI)

Background

Age (years)

 < 25 128 (9.0) 7993 (8.7) 1.07 (0.88–1.30) 1.00 (0.81–1.23) 69 (8.6) 1227 (8.9) 0.96 (0.73–1.25) 0.85 (0.64–1.12)

 25–29 436 (30.7) 28,258 (30.8) 1.03 (0.91–1.17) 1.03 (0.91–1.18) 235 (29.3) 3846 (27.9) 1.04 (0.87–1.24) 1.01 (0.85–1.21)

 30–34 516 (36.4) 34,489 (37.6) Reference Reference 309 (38.5) 5250 (38.1) Reference Reference

 ≥ 35 339 (23.9) 20,966 (22.9) 1.08 (0.94–1.24) 1.05 (0.91–1.20) 190 (23.7) 3448 (25.0) 0.94 (0.78–1.13) 0.90 (0.75–1.09)

Parity

 0 625 (44.0) 39,481 (43.1) Reference Reference 332 (41.3) 6062 (44.0) Reference Reference

 1 472 (33.3) 34,294 (37.4) 0.87 (0.77–0.98) 0.85 (0.75–0.96) 264 (32.9) 4843 (35.2) 1.00 (0.84–1.18) 0.99 (0.83–1.17)

 2 199 (14.0) 12,208 (13.3) 1.03 (0.88–1.21) 0.94 (0.79–1.11) 128 (15.9) 1874 (13.6) 1.25 (1.01–1.54) 1.17 (0.93–1.46)

 ≥ 3 123 (8.7) 5723 (6.2) 1.36 (1.12–1.65) 1.11 (0.89–1.39) 79 (9.8) 992 (7.2) 1.45 (1.13–1.88) 1.26 (0.94–1.69)

BMI

 < 18.5 23 (1.7) 2072 (2.4) 0.81 (0.54–1.24) 0.79 (0.52–1.20) 9 (1.2) 325 (2.5) 0.50 (0.26–0.97) 0.47 (0.24–0.93)

 18.5–< 25 653 (47.8) 47,889 (54.5) Reference Reference 389 (50.1) 7005 (53.0) Reference Reference

 25–< 30 408 (29.9) 23,917 (27.2) 1.25 (1.10–1.42) 1.21 (1.07–1.37) 229 (29.5) 3639 (27.5) 1.13 (0.96–1.34) 1.09 (0.92–1.29)

 30–< 35 188 (13.8) 9516 (10.8) 1.45 (1.23–1.71) 1.39 (1.18–1.64) 102 (13.1) 1542 (11.7) 1.19 (0.95–1.49) 1.12 (0.89–1.40)

 ≥ 35 93 (6.8) 4435 (5.0) 1.54 (1.24–1.92) 1.54 (1.24–1.93) 48 (6.2) 713 (5.4) 1.21 (0.89–1.65) 1.16 (0.84–1.58)

 Missing 54 3877 26 547

Educational level (years)

 ≤ 9 150 (11.1) 8426 (9.6) 1.18 (0.99–1.41) 0.93 (0.77–1.13) 109 (14.3) 1419 (10.9) 1.44 (1.15–1.80) 1.12 (0.88–1.43)

 10–12 530 (39.1) 34,972 (39.7) 1.00 (0.90–1.13) 0.99 (0.88–1.11) 311 (40.7) 5200 (39.8) 1.12 (0.96–1.31) 1.06 (0.90–1.25)

 > 12 676 (49.9) 44,792 (50.8) Reference Reference 344 (45.0) 6446 (49.3) Reference Reference

 Missing 63 3516 39 706

Birth region

  Scandinavia# 887 (62.6) 65, 221 (71.1) Reference Reference 473 (58.9) 9084 (66.0) Reference Reference

 Other European 
country 135 (9.5) 7830 (8.5) 1.27 (1.06–1.52) 1.28 (1.06–1.54) 61 (7.6) 1140 (8.3) 1.03 (0.78–1.35) 1.07 (0.81–1.41)

 Middle East/Africa 342 (24.2) 14,493 (15.8) 1.74 (1.53–1.97) 1.79 (1.56–2.05) 236 (29.4) 2713 (19.7) 1.67 (1.42–1.96) 1.68 (1.41–2.00)

 Other 52 (3.7) 4123 (4.5) 0.93 (0.70–1.23) 0.93 (0.70–1.24) 33 (4.1) 824 (6.0) 0.77 (0.54–1.10) 0.80 (0.56–1.16)

 Missing 3 39 0 10

Smoking status

 Smoker, yes 24 (1.8) 3310 (3.7) 0.46 (0.31–0.69) 0.46 (0.31–0.70) 29 (3.7) 463 (3.4) 1.07 (0.73–1.57) 1.06 (0.72–1.56)

 Missing 50 3319 16 315

Work situation

 Employed/mater-
nity leave/student 1180 (91.6) 77,697 (92.7) Reference Reference 648 (90.8) 11,247 (90.9) Reference Reference

 Unemployed/sick 
leave/other 108 (8.4) 6154 (7.3) 1.16 (0.95–1.41) 1.03 (0.84–1.26) 66 (9.2) 1123 (9.1) 1.02 (0.79–1.32) 0.92 (0.71–1.21)

 Missing 131 7855 89 1 401

Co-habits with partner

 No 100 (7.2) 7073 (7.9) 0.91 (0.74–1.11) 0.83 (0.68–1.02) 68 (8.5) 1225 (9.0) 0.94 (0.73–1.21) 0.84 (0.65–1.09)

 Missing 26 1729 6 196

Number of persons in the household

 1 94 (6.7) 4952 (5.5) 1.32 (1.05–1.65) 1.31 (1.05–1.64) 56 (7.1) 869 (6.4) 1.15 (0.85–1.54) 1.12 (0.83–1.52)

 2 437 (31.2) 30,306 (33.4) Reference Reference 247 (31.3) 4390 (32.4) Reference Reference

 3 409 (29.2) 31,556 (34.7) 0.90 (0.78–1.03) 0.88 (0.77–1.01) 219 (27.8) 4425 (32.7) 0.88 (0.73–1.06) 0.87 (0.72–1.05)

 4 220 (15.7) 13,379 (14.7) 1.14 (0.97–1.34) 1.06 (0.90–1.26) 108 (13.7) 2053 (15.2) 0.93 (0.74–1.18) 0.87 (0.69–1.10)

 ≥ 5 240 (17.1) 10,651 (11.7) 1.56 (1.33–1.83) 1.36 (1.15–1.62) 159 (20.2) 1800 (13.3) 1.57 (1.28–1.93) 1.36 (1.08–1.70)

 Missing 19 862 14 234

Pre-existing co-morbidities

Chronic hyperten-
sion 6 (0.4) 441 (0.5) 0.88 (0.39–1.97) 0.87 (0.39–1.95) 7 (0.9) 100 (0.7) 1.20 (0.56–2.60) 1.18 (0.55–2.56)

Diabetes 18 (1.3) 1043 (1.1) 1.12 (0.70–1.78) 1.08 (0.68–1.73) 16 (2.0) 206 (1.5) 1.34 (0.80–2.24) 1.32 (0.79–2.21)

Lung disease/
asthma 107 (7.5) 6341 (6.9) 1.10 (0.90–1.34) 1.18 (0.97–1.44) 51 (6.4) 1024 (7.4) 0.84 (0.63–1.13) 0.90 (0.67–1.21)

Continued
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born in the Middle East or Africa (aOR 1.68, 95% CI 1.41–2.00) in analyses of women under universal testing. 
Pregnant women living with five or more individuals in the household were more likely to be test-positive in 
analyses of those both under non-universal (aOR 1.36, 95% CI 1.15–1.62) and universal testing (aOR 1.36, 95% 
CI 1.08–1.70). Smoking was associated with decreased odds of test-positivity in women under non-universal 
testing (aOR 0.46, 95% CI 0.31–0.70), although this association was not observed in analyses of women under 
universal testing (aOR 1.06, 95% CI 0.72–1.56).

Characteristics of SARS‑CoV‑2 test‑positive pregnant women in Norway. Table  2 shows the 
characteristics of pregnant women in Norway in the three groups: (1) Women who tested positive, (2) the com-
bined group of test-negative and not tested women (i.e. non-positive), and (3) the women who tested negative. 
Some characteristics were consistent when comparing women with test-positivity to the combined group and 
to those who tested negative. Women with ≤ 12 years of education were more likely to be test-positive (≤ 9 years: 
aOR range 1.41–1.73; 10–12 years: aOR range 1.29–1.52). Moreover, compared to women born in Scandinavia, 
women from other European countries (aOR range 2.13–2.75), the Middle East or Africa (aOR range 4.66–5.95) 
and other countries (aOR range 1.83–2.22) had consistently higher odds of test-positivity. In analyses of preg-
nancy related factors, women with pre-eclampsia/HELLLP/eclampsia were less likely to be test-positive (aOR 
range 0.50–0.54) and women with gestational diabetes had increased odds of test-positivity in unadjusted analy-
ses but not in adjusted analyses.

Some estimates for test-positivity varied with comparison group. The probability of test-positivity increased 
with increasing number of previous births (parity), although significant for two or more births (aOR range 
1.27–1.46) compared to the combined group and with three or more births (aOR 1.43, 95% CI 1.10–1.88) when 
compared to those who tested negative. Being unemployed was associated with increased odds of test-positivity 
when compared to women who tested negative (aOR 1.30, 95% CI 1.08–1.58), but not when compared to the 
combined group of non-tested and test-negative women (aOR 1.16, 95% CI 0.96–1.40).

Characteristics of pregnant women tested for SARS‑CoV‑2 in Norway. Table 3 displays the char-
acteristics related to the likelihood of being tested for SARS-CoV-2 in Norway. We found that having given birth 
one or more times previously (parity) was associated with increased odds of getting tested for SARS-CoV-2 
(aOR range 1.07–1.38). Similarly, there was an indication that women with a BMI of 35 or more were more 
likely to get tested (aOR 1.07, 95% CI 1.00–1.15), as were women with asthma (aOR 1.09, 95% CI 1.03–1.16), 
gestational diabetes (aOR 1.07, 95% CI 1.01–1.14), any pre-existing co-morbidity (aOR 1.07, 95% CI 1.01–1.12) 
and women with multiple pregnancies (aOR 1.13, 95% CI 1.00–1.28). In contrast, women younger than 30 and 
above 35 years of age (aOR range 0.87–0.93), or with lower education level (≤ 12 years) (aOR range 0.71–0.76), 
those born in other countries than Scandinavia (aOR range 0.67–0.76), who were unemployed (aOR 0.88, 95% 
CI 0.84–0.92) or pregnant by IVF (aOR 0.84, 95% CI 0.77–0.92), were less likely to get tested. In crude analyses, 
smokers were less likely to get tested (aOR 0.82, 95% CI 0.77–0.88), but after adjustment for age, education level 
and birth region, the association was no longer significant (aOR 0.94, 95% CI 0.88–1.01).

Table 1.  Unadjusted and adjusted logistic regression models for the likelihood of SARS-CoV-2 test-positivity 
compared to non-positive (test-negative and not tested) under non-universal testing and under universal 
testing in Sweden, in relation to characteristics. *For the association between age and tested, the adjusted 
model included the covariate education and birth region. For the association between education and tested, 
the adjusted model included the covariates age and birth region. For the association between birth region and 
tested, the adjusted model included the covariates age and education. #Sweden, Norway, Denmark.

Characteristics

Non-universal testing Universal testing

Test-positive
n = 1419

Non-Positive 
n = 91,706 Unadjusted model

Adjusted for age, 
birth region and 
education*

Test-positive
n = 803

Non-Positive
n = 13,771 Unadjusted model

Adjusted for age, 
birth region and 
education*

n (%) n (%) OR (95% CI) OR (95% CI) n (%) n (%) OR (95% CI) OR (95% CI)

Chronic kidney 
disease 6 (0.4) 360 (0.4) 1.08 (0.48–2.42) 1.07 (0.48–2.40) 2 (0.2) 63 (0.5) 0.54 (0.13–2.22) 0.55 (0.13–2.27)

Cardiovascular 
disease 17 (1.2) 1420 (1.5) 0.77 (0.48–1.25) 0.78 (0.48–1.26) 12 (1.5) 303 (2.2) 0.67 (0.38–1.21) 0.71 (0.40–1.27)

Prior thrombosis 12 (0.8) 782 (0.9) 0.99 (0.56–1.76) 1.05 (0.59–1.86) 9 (1.1) 141 (1.0) 1.10 (0.56–2.16) 1.11 (0.56–2.20)

Composite of the 
above 157 (11.1) 9600 (10.5) 1.06 (0.90–1.26) 1.12 (0.95–1.32) 89 (11.1) 1636 (11.9) 0.92 (0.74–1.16) 0.97 (0.77–1.22)

Pregnancy related factors

Multiple pregnancy 21 (1.5) 1283 (1.4) 1.06 (0.69–1.64) 1.06 (0.68–1.63) 16 (2.0) 210 (1.5) 1.31 (0.79–2.19) 1.33 (0.79–2.22)

Pre-eclampsia, 
HELLP and 
eclampsia

57 (4.0) 3075 (3.4) 1.21 (0.92–1.58) 1.27 (0.97–1.65) 31 (3.9) 606 (4.4) 0.87 (0.60–1.26) 0.91 (0.63–1.32)

Gestational diabetes 128 (9.0) 4780 (5.2) 1.80 (1.50–2.17) 1.67 (1.38–2.01) 44 (5.5) 868 (6.3) 0.86 (0.63–1.18) 0.81 (0.59–1.11)

In vitro fertilization 
(IVF) 64 (4.5) 4441 (4.8) 0.93 (0.72–1.19) 0.95 (0.74–1.23) 27 (3.4) 653 (4.7) 0.70 (0.47–1.03) 0.75 (0.51–1.12)
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Characteristics

Test-positive
n =  929¤

Non-positive
n = 80,658

Test-negative
n = 29,699

Test-positive vs. non-positive Test-positive vs. test-negative

Unadjusted model
Adjusted for age, birth 
region and education* Unadjusted model

Adjusted for age, birth 
region and education*

n (%) n (%) n (%) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

Background

Age (years)

 < 25 71 (7.6) 6362 (7.9) 1948 (6.6) 0.94 (0.73–1.22) 0.76 (0.58–0.99) 1.20 (0.92–1.55) 0.82 (0.63–1.08)

 25–29 277 (29.8) 24,407 (30.3) 8628 (29.1) 0.96 (0.82–1.12) 0.93 (0.80–1.09) 1.06 (0.90–1.23) 0.98 (0.83–1.15)

 30–34 378 (40.7) 31,980 (39.7) 12,430 (41.9) Reference Reference Reference Reference

 ≥ 35 203 (21.9) 17,909 (22.2) 6693 (22.5) 0.96 (0.81–1.14) 0.86 (0.72–1.02) 1.00 (0.84–1.19) 0.85 (0.72–1.02)

Parity

 0 329 (35.4) 34,081 (42.3) 11,407 (38.4) Reference Reference Reference Reference

 1 340 (36.6) 30,690 (38.1) 12,597 (42.4) 1.15 (0.99–1.33) 1.13 (0.96–1.32) 0.94 (0.80–1.09) 0.97 (0.83–1.14)

 2 166 (17.3) 11,548 (14.3) 4347 (14.6) 1.44 (1.19–1.75) 1.27 (1.04–1.55) 1.28 (1.06–1.56) 1.16 (0.95–1.43)

 ≥ 3 99 (10.7) 4339 (5.4) 1348 (4.5) 2.36 (1.88–2.97) 1.46 (1.13–1.88) 2.54 (2.01–3.21) 1.43 (1.10–1.88)

BMI

 < 18.5 23 (2.7) 2448 (3.3) 811 (2.9) 0.87 (0.57–1.32) 0.72 (0.47–1.10) 0.98 (0.64–1.49) 0.76 (0.49–1.17)

 18.5–< 25 472 (55.3) 43,848 (58.6) 16,256 (58.9) Reference Reference Reference Reference

 25–< 30 232 (27.2) 17,800 (23.8) 6543 (23.7) 1.21 (1.03–1.42) 1.12 (0.95–1.31) 1.22 (1.04–1.43) 1.09 (0.93–1.29)

 30–< 35 90 (10.5) 7145 (9.6) 2629 (9.5) 1.17 (0.93–1.47) 1.09 (0.86–1.37) 1.18 (0.94–1.48) 1.03 (0.61–1.22)

 ≥ 35 37 (4.3) 3557 (4.8) 1343 (4.9) 0.97 (0.69–1.35) 0.95 (0.68–1.34) 0.95 (0.68–1.33) 0.86 (0.83–1.38)

 Missing 75 5860 2117

Educational level (years)

 ≤ 9 188 (24.6) 10,580 (14.4) 3217 (11.5) 2.12 (1.78–2.53) 1.41 (1.16–1.71) 2.86 (2.39–3.42) 1.73 (1.42–2.12)

 10–12 179 (23.4) 15,612 (21.1) 5243 (18.7) 1.37 (1.15–1.63) 1.29 (1.08–1.54) 1.67 (1.40–2.00) 1.52 (1.27–1.83)

 > 12) 398 (52.0) 47,494 (64.4) 19,505 (69.7) Reference Reference Reference Reference

 Missing 164 6972 1734

Birth region

  Scandinavia# 461 (49.7) 60,185 (74.7) 23,867 (81.4) Reference Reference Reference Reference

 Other European c ountry 153 (16.5) 8883 (12.1) 2506 (8.4) 2.25 (1.87–2.70) 2.13 (1.75–2.60) 3.16 (2.62–3.81) 2.75 (2.25–3.36)

 Middle East/Africa 224 (24.1) 5454 (6.8) 1450 (4.9) 5.36 (4.56–6.30) 4.66 (2.86–5.63) 8.00 (6.76–9.47) 5.95 (4.90–7.23)

 Other 90 (9.8) 6047 (7.5) 1867 (6.3) 1.94 (1.55–2.44) 1.83 (1.45–2.32) 2.52 (2.01–3.18) 2.22 (1.75–2.82)

 Missing 1 89 0

Smoking status

 Smoker, yes 52 (6.3) 4175 (5.8) 1352 (5.1) 1.10 (0.83–1.46) 1.01 (0.76–1.35) 1.26 (0.95–1.68) 1.00 (0.74–1.34)

 Missing 106 8205 3090

Work situation

 Employed 527 (72.6) 58,156 (84.1) 22,378 (87.2) Reference Reference Reference Reference

 Unemployed 199 (27.4) 10,999 (15.9) 3274 (12.8) 2.00 (1.69–2.35) 1.16 (0.96–1.40) 2.58 (2.18–3.05) 1.30 (1.08–1.58)

 Missing 203 11,503 4047

 Co-habits with partner

 No 52 (5.7) 3213 (4.0) 1068 (3.7) 1.44 (1.09–1.91) 0.96 (0.72–1.28) 1.60 (1.20–2.13) 0.88 (0.65–1.19)

 Missing 21 1234 490

Pre-existing co-morbidities

Chronic hypertension 3 (0.3) 462 (0.6) 184 (0.6) 0.56 (0.18–1.75) 0.53 (0.17–1.66) 0.52 (0.17–1.63) 0.44 (0.14–1.40)

Diabetes 8 (0.9) 572 (0.7) 215 (0.7) 1.22 (0.60–2.45) 1.35 (0.62–2.54) 1.19 (0.59–2.42) 1.09 (0.53–2.26)

Lung disease/asthma 52 (5.6) 5142 (6.4) 2048 (6.9) 0.87 (0.66–1.15) 0.86 (0.51–1.46) 0.80 (0.60–1.06) 0.98 (0.73–1.30)

Chronic kidney disease 1 (0.1) 472 (0.6) 178 (0.6) – – – –

Cardiovascular disease 0 (–) 461 (0.6) 173 (0.6) – – – –

Prior thrombosis 0 (–) 166 (0.2) 56 (0.2) – – – –

Composite of the above 61 (6.6) 6982 (8.7) 2738 (9.2) 0.74 (0.57–0.96) 0.87 (0.67–1.14) 0.69 (0.53–0.90) 0.80 (0.62–1.05)

Pregnancy related factors

Multiple pregnancy 12 (1.3) 1071 (1.3) 427 (1.4) 0.97 (0.55–1.72) 0.97 (0.55–1.72) 0.90 (0.50–1.60) 0.88 (0.49–1.58)

Pre-eclampsia, HELLP 
and eclampsia 13 (1.4) 2215 (2.8) 842 (2.8) 0.50 (0.29–0.87) 0.54 (0.31–0.93) 0.49 (0.28–0.84) 0.50 (0.29–0.88)

Gestational diabetes 77 (8.3) 4758 (5.9) 1731 (5.8) 1.44 (1.14–1.82) 1.13 (0.89–1.43) 1.46 (1.15–1.85) 1.09 (0.85–1.39)

In vitro fertilization (IVF) 28 (3.0) 3819 (4.7) 1329 (4.5) 0.63 (0.43–0.91) 0.72 (0.49–1.06) 0.66 (0.45–0.97) 0.80 (0.54–1.17)
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Discussion
In this registry-based study including almost all pregnancies in Sweden and Norway during the first 18 months 
of the pandemic, we found that associations between maternal characteristics, pre-existing co-morbidities and 
pregnancy related factors with SARS-CoV-2 test-positivity differed according testing strategy and comparison 
groups. Only being born outside Scandinavia was robustly associated with test-positivity regardless of test-
ing strategy or comparison group in both countries, while associations with other characteristics varied with 
comparison group or attenuated with adjustments. Similarly, the likelihood of being tested varied with several 
characteristics, such as having pre-existing co-morbidities, educational level or region of birth. Differences in 
comparison groups and testing may influence the interpretation of risk factors associated with SARS-CoV-2 
during pregnancy, and consequently lead to inaccurate clinical recommendations for pregnant women.

It has been suggested that advanced maternal age is associated with severe COVID-19, but not with SARS-
CoV-2 test-positivity per  se1. Two recent studies have on the contrary suggested that younger  age13 is associated 
with increased odds and older  age12 with reduced odds of SARS-CoV-2 test-positivity. Our results indicate no 
associations between test-positivity and age. However, younger and older women were less likely to get tested than 
those 30–34 years, which may have resulted in lower representation of younger and older women in the analyses.

Parity can be regarded as a proxy for having older children in the household. Previous studies have not shown 
clear associations between parity and test-positivity1, which is supported by Swedish data. In Norway, there was 
a positive association with multiparity. We also found that, in Norway, multiparous women were more likely to 
get tested than nulliparous women. Whether our results reflect that multiparous women are exposed to more 
viral infections, but not necessarily SARS-CoV-2, or that they are in fact at higher risk of SARS-CoV-2 related 
to having been pregnant before, is unclear.

Obesity and gestational diabetes have been associated with severe COVID-19, but not when studying infec-
tion independent of  severity1. We found that being overweight or obese was associated with 20–50% increased 
odds of test-positivity under non-universal testing, but not under universal testing. Similarly, women with ges-
tational diabetes had 67% increased odds of test-positivity under non-universal testing, but no increased odds 
was seen in women under universal testing. We also saw that these background factors, as well as asthma, were 
associated with increased testing. Having been informed that certain conditions may be associated with severe 
disease could have prompted affected pregnant women to get tested. This overrepresentation of women with 
morbidities and obesity in tested women could induce spurious associations. No association with preeclampsia 
and test-positivity independent on testing strategy was found in the Swedish data.

Previous studies have highlighted that individuals of lower socioeconomic status are at higher risk of COVID-
19  infection12,13,19. For instance, in a cohort of pregnant women in Italy, D’ambrosi et al. showed that women 
born outside Italy that were positive for SARS-CoV-2, were more likely to have a lower education level, to be 
unemployed and to live in larger families compared to women born in  Italy12. In Sweden there was no associa-
tion with education level after adjustment for age and birth region, whereas in Norway lower levels of education 
and unemployment was associated with test-positivity and increased likelihood of getting tested. We found that 
pregnant women with greater household crowding had a significantly increased odds of being test-positive, 
which is in line with a study of New York city  residents19.

The only risk factor associated with COVID-19 independent of severity in the meta-analysis by Allotey et al., 
was being of non-white  ethnicity1, highlighting potential ethnic and socioeconomic  inequalities20,21. In this study, 
information on ethnicity was unfortunately not available. We used region of birth as a proxy for ethnicity, and 
found robust associations between being born in countries outside of Scandinavia and test-positivity. Similar 
results have been seen in  Italy12 and  Denmark9 where foreign-born pregnant women were more often test-positive 
compared to women born within each respective country. Furthermore, non-Scandinavian women in our study 
were less likely to get tested for SARS-CoV-2. While studies from other countries such as the United States may 
be influenced by differential access to health care due to financial  barriers13,21,22, antenatal care in Sweden and 
Norway is free of charge and almost all women attend antenatal care. Nevertheless, whether our results are related 
to genetic predisposition and/or susceptibility due to comorbid conditions, factors associated with exposure, 
social deprivation or cultural attitudes related to the  pandemic23 needs to be further investigated as this may lead 
to barriers of seeking, utilizing and getting proper access to health care.

Under non-universal testing, smoking status in early pregnancy was negatively associated with test-positivity 
in Sweden. Others have found that current smoking was negatively associated with hospitalization with SARS-
CoV-28, which was suggested to be a result of residual confounding. In our study, the protective association with 
smoking was not observed under universal testing, which strengthens the hypothesis that residual confounding, 
other underlying behavioral characteristics or test practices could affect the association. In unadjusted analyses, 
smokers were less likely to get tested for SARS-CoV-2, although there was no difference between smokers and 
non-smokers after adjustment for age, education level and region of birth, respectively.

Table 2.  Unadjusted and adjusted logistic regression models for the likelihood of SARS-CoV-2 test-positivity 
compared to non-positive (negative and not tested) and test-negative pregnant women in Norway, in relation 
to characteristics. ¤ 8 of 929 (0.9%) positive women had been vaccinated during the study period. *For the 
association between age and tested, the adjusted model included the covariate education and birth region. 
For the association between education and tested, the adjusted model included the covariates age and birth 
region. For the association between birth region and tested, the adjusted model included the covariates age and 
education. #Sweden, Norway, Denmark.
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Characteristics, n (%)

Tested 
n = 30,628
(24.6%)

Not tested 
n = 50,959
(75.4%)

Unadjusted model
OR (95%CI)

Adjusted for age, birth region and 
education* OR (95%CI)

Background

Age (years)

 < 25 2019 (6.6) 4414 (8.7) 0.70 (0.66–0.74) 0.87 (0.80–0.98)

 25–29 8905 (29.1) 15,779 (31.0) 0.86 (0.83–0.89) 0.93 (0.88–0.98)

 30–34 12,808 (41.8) 19,550 (38.4) Reference Reference

 ≥ 35y 6896 (22.5) 11,216 (22.0) 0.94 (0.90–0.97) 0.92 (0.87–0.98)

Parity

 0 11,736 (38.3) 22,674 (44.5) Reference Reference

 1 12,937 (42.2) 18,093 (35.5) 1.38 (1.34–1.43) 1.38 (1.33–1.42)

 2 4508 (14.7) 7201 (14.1) 1.21 (1.16–1.26) 1.23 (1.17–1.29)

 ≥ 3 1447 (4.7) 2991 (5.9) 0.93 (0.87–1.00) 1.07 (0.99–1.14)

BMI

 < 18.5 834 (2.9) 1637 (3.5) 0.84 (0.77–0.92) 0.93 (0.86–1.02)

 18.5–< 25 16,728 (58.8) 27,592 (58.4) Reference Reference

 25–< 30 6775 (23.8) 11,257 (23.8) 0.99 (0.96–1.03) 1.02 (0.98–1.05)

 30–< 35 2719 (9.6) 4516 (9.6) 0.99 (0.96–1.10) 1.03 (0.98–1.08)

 ≥ 35 1380 (4.9) 2214 (4.7) 1.03 (0.96–1.10) 1.07 (1.00–1.15)

 Missing 2192 3743

Educational level (years)

 ≤ 9 3405 (11.9) 7363 (16.1) 0.65 (0.62–0.70) 0.71 (0.68–0.75)

 10–12 5422 (18.9) 10,369 (22.7) 0.74 (0.71–0.76) 0.76 (0.73–0.78)

 > 12 19,903 (69.3) 27,989 (61.2) Reference Reference

 Missing 1898 5238

Birth region

  Scandinavia# 24,337 (79.5) 36,309 (71.3) Reference Reference

 Other European country 2659 (8.7) 6377 (12.5) 0.62 (0.59–0.65) 0.67 (0.64–0.71)

 Middle East/Africa 1674 (5.5) 4004 (7.9) 0.62 (0.59–0.67) 0.76 (0.71–0.81)

 Other 1936 (6.3) 4201 (8.3) 0.69 (0.65–0.73) 0.74 (0.69–0.78)

 Missing 22 68

Smoking status

 Smoker 1404 (5.1) 2823 (6.2) 0.82 (0.77–0.88) 0.94 (0.88–1.01)

 Missing 3196 5115

Work situation

 Employed 22,905 (86.8) 35,778 (82.2) Reference Reference

 Unemployed 3473 (13.2) 7725 (17.8) 0.70 (0.67–0.73) 0.88 (0.84–0.92)

 Missing 4250 7456

Co-habits with partner

 No 1120 (3.7) 2145 (4.3) 0.86 (0.80–0.93) 0.99 (0.92–1.07)

 Missing 511 855

Pre-existing co-morbidities

Chronic hypertension 187 (0.6) 278 (0.6) 1.12 (0.93–1.35) 1.13 (0.93–1.36)

Diabetes 223 (0.7) 357 (0.7) 1.04 (0.88–1.23) 1.04 (0.88–1.23)

Lung disease/asthma 2100 (6.9) 3094 (6.1) 1.14 (1.08–1.21) 1.09 (1.03–1.16)

Chronic kidney disease 179 (0.6) 294 (0.6) 1.01 (0.84–1.22) 1.01 (0.84–1.22)

Cardiovascular disease 173 (0.5) 288 (0.6) 1.00 (0.83–1.21) 0.93 (0.77–1.13)

Prior thrombosis 56 (0.2) 110 (0.2) 0.85 (0.61–1.17) 0.79 (0.57–1.10)

Composite of the above 2799 (9.1) 4244 (8.3) 1.11 (1.05–1.16) 1.07 (1.01–1.12)

Pregnancy related factors

Multiple pregnancy 439 (1.4) 644 (1.3) 1.14 (1.01–1.28) 1.13 (1.00–1.28)

Pre-eclampsia, HELLP and eclampsia 855 (2.8) 1373 (2.7) 1.04 (0.95–1.13) 1.03 (0.94–1.12)

Gestational diabetes 1808 (5.9) 3027 (5.9) 0.99 (0.94–1.05) 1.07 (1.01–1.14)

In vitro fertilization (IVF) 1357 (4.4) 2490 (4.9) 0.90 (0.84–0.97) 0.82 (0.76–0.88)
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A potential problem with studies attempting to identify risk factors for SARS-CoV-2 is collider  bias16. When 
a risk factor and an outcome both affect the likelihood of being sampled, this may induce spurious associa-
tions. In COVID-19 research this bias is likely when studies are restricted to hospitalized patients, volunteers 
or when testing is performed only in those with symptoms under non-universal testing. We aimed to address 
these selections and how they may have affected previously described associations. Universal testing strategies 
most likely give more valid estimates of associations as these women are tested without selection and indepen-
dently of underlying characteristics usually associated with the likelihood of getting tested. Women who are 
asymptomatic or have mild symptoms will be captured to a larger extent than those tested in a non-universal 
testing based on symptoms. However, as the majority of women tested under universal testing are tested when 
admitted for labor, women who are asymptomatic or have only mild symptoms of SARS-CoV-2 earlier on in 
pregnancy will not be captured. We compared characteristics of test-positive pregnant women under universal 
testing and non-universal testing strategies which provide valuable insights in how these different strategies may 
affect observed associations.

A strength of our study is the population-based data collected for up to 18 months of the pandemic. Informa-
tion were from validated registers with electronically transferred data from medical records on all tested pregnant 
women, independent of hospital  admission5,8,24,25. This minimizes risk of reporting bias related to maternal and 
neonatal morbidity because women with COVID-19 may have been more carefully investigated.

This study had a number of limitations. First, even while using the whole birthing population of pregnant 
women in two countries, the number of cases of SARS-CoV-2 test-positive women, especially in Norway were 
restricted, making power an issue for some of our adjusted analyses. Second, while our population-based findings 
may be generalizable to each respective country, generalizability to other countries with more markedly different 
testing strategies or other population background set-up may be more difficult. Third, in the beginning of the 
pandemic in Sweden and Norway, testing was initially focused on patients in hospitals with severe COVID-19 
symptoms, and non-universal testing was only available to the broader population starting around June,  202018. 
Consequently, the overall Swedish and Norwegian COVID-19 statistics are probably underestimated during 
the early months of the pandemic for those with mild  symptoms18. Fourth, it is possible that pregnant women 
included in the universal testing group whom tested negative could have been infected earlier on in pregnancy 
but then been asymptomatic or only had mild symptoms which at that time point did not lead to testing within 
the non-universal testing strategy, leading to a potential differential misclassification of outcome. This in turn 
could lead to both an under- and overestimation of associations. Fifth, the registers wherefrom our data origi-
nates, do not include information on symptomatology.

In this registry-based study of pregnant women giving birth in Sweden and Norway during the first 18 months 
of the pandemic, we demonstrate that test strategy, choice of comparison group and individual background 
characteristics, affect who is being tested and the identification of potential risk factors for a positive test for 
SARS-CoV-2. Nevertheless, pregnant women born in the Middle East or Africa were consistently across all com-
parisons at increased odds of test-positivity. They were also less likely to be tested—suggesting that there may be 
difficulties of seeking, utilizing and getting proper access to health care for this group. Overall, our results have 
implications for surveillance, vaccine and clinical recommendations to pregnant women, both during potential 
coming waves of COVID-19 and future pandemics, and each country must be aware of the differences their own 
test policy and background characteristics may have.

Data availability
Data are available by applying to the registry owners: https:// helse data. no/ sokna dsvei ledni ng/ and https:// www. 
medsc inet. com/ gr/ forsk are. aspx.

Received: 12 November 2021; Accepted: 10 May 2022

References
 1. Allotey, J. et al. Clinical manifestations, risk factors, and maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy: 

Living systematic review and meta-analysis. BMJ 370, 3320. https:// doi. org/ 10. 1136/ bmj. m3320 (2020).
 2. Magnus, M. C. et al. Pregnancy and risk of COVID-19: A Norwegian registry-linkage study. BJOG https:// doi. org/ 10. 1111/ 1471- 

0528. 16969 (2021).
 3. Martinez-Portilla, R. J. et al. Pregnant women with SARS-CoV-2 infection are at higher risk of death and pneumonia: Propensity 

score matched analysis of a nationwide prospective cohort (COV19Mx). Ultrasound. Obstet. Gynecol. 57, 224–231. https:// doi. 
org/ 10. 1002/ uog. 23575 (2021).

 4. Zaigham, M. et al. Intrauterine vertical SARS-CoV-2 infection: A case confirming transplacental transmission followed by diver-
gence of the viral genome. BJOG 128, 1388–1394. https:// doi. org/ 10. 1111/ 1471- 0528. 16682 (2021).

Table 3.  Unadjusted and adjusted logistic regression models for the likelihood of being tested (positive or 
negative) compared to not tested for SARS-CoV-2 in pregnant women in Norway in relation to characteristics. 
*For the association between age and tested, the adjusted model included the covariate education and birth 
region. For the association between education and tested, the adjusted model included the covariates age and 
birth region. For the association between birth region and tested, the adjusted model included the covariates 
age and education. #Sweden, Norway, Denmark.

https://helsedata.no/soknadsveiledning/
https://www.medscinet.com/gr/forskare.aspx
https://www.medscinet.com/gr/forskare.aspx
https://doi.org/10.1136/bmj.m3320
https://doi.org/10.1111/1471-0528.16969
https://doi.org/10.1111/1471-0528.16969
https://doi.org/10.1002/uog.23575
https://doi.org/10.1002/uog.23575
https://doi.org/10.1111/1471-0528.16682


10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:8355  | https://doi.org/10.1038/s41598-022-12395-y

www.nature.com/scientificreports/

 5. Gurol-Urganci, I. et al. Maternal and perinatal outcomes of pregnant women with SARS-CoV-2 infection at the time of birth in 
England: National cohort study. Am. J. Obstet. Gynecol. https:// doi. org/ 10. 1016/j. ajog. 2021. 05. 016 (2021).

 6. Villar, J. et al. Maternal and neonatal morbidity and mortality among pregnant women with and without COVID-19 infection: 
The INTERCOVID multinational cohort study. JAMA Pediatr. 175, 817–826. https:// doi. org/ 10. 1001/ jamap ediat rics. 2021. 1050 
(2021).

 7. Norman, M. et al. Association of maternal SARS-CoV-2 infection in pregnancy with neonatal outcomes. JAMA 325, 2076–2086. 
https:// doi. org/ 10. 1001/ jama. 2021. 5775 (2021).

 8. Vousden, N. et al. The incidence, characteristics and outcomes of pregnant women hospitalized with symptomatic and asympto-
matic SARS-CoV-2 infection in the UK from March to September 2020: A national cohort study using the UK Obstetric Surveil-
lance System (UKOSS). PLoS ONE 16, e0251123. https:// doi. org/ 10. 1371/ journ al. pone. 02511 23 (2021).

 9. Aabakke, A. J. M. et al. SARS-CoV-2 infection in pregnancy in Denmark-characteristics and outcomes after confirmed infection 
in pregnancy: A nationwide, prospective, population-based cohort study. Acta Obstet. Gynecol. Scand. https:// doi. org/ 10. 1111/ 
aogs. 14252 (2021).

 10. Donati, S. et al. SARS-CoV-2 infection among hospitalised pregnant women and impact of different viral strains on COVID-19 
severity in Italy: A national prospective population-based cohort study. BJOG 129, 232. https:// doi. org/ 10. 1111/ 1471- 0528. 16981 
(2022).

 11. Prabhu, M. et al. Pregnancy and postpartum outcomes in a universally tested population for SARS-CoV-2 in New York City: a 
prospective cohort study. BJOG 127, 1548–1556. https:// doi. org/ 10. 1111/ 1471- 0528. 16403 (2020).

 12. D’Ambrosi, F. et al. Sociodemographic characteristics of pregnant women tested positive for COVID-19 admitted to a referral center 
in Northern Italy during lockdown period. J. Obstet. Gynaecol. Res. 47, 1751–1756. https:// doi. org/ 10. 1111/ jog. 14729 (2021).

 13. Reale, S. C. et al. Patient characteristics associated with SARS-CoV-2 infection in parturients admitted for labour and delivery in 
Massachusetts during the spring 2020 surge: A prospective cohort study. Paediatr. Perinat. Epidemiol. 35, 24–33. https:// doi. org/ 
10. 1111/ ppe. 12743 (2021).

 14. Blitz, M. J. et al. Racial and ethnic disparity and spatiotemporal trends in severe acute respiratory syndrome coronavirus 2 preva-
lence on obstetrical units in New York. Am. J. Obstet. Gynecol. MFM 2, 100212. https:// doi. org/ 10. 1016/j. ajogmf. 2020. 100212 
(2020).

 15. Fassett, M. J. et al. Universal SARS-Cov-2 screening in women admitted for delivery in a large managed care organization. Am. J. 
Perinatol. 37, 1110–1114. https:// doi. org/ 10. 1055/s- 0040- 17140 60 (2020).

 16. Griffith, G. J. et al. Collider bias undermines our understanding of COVID-19 disease risk and severity. Nat. Commun. 11, 5749. 
https:// doi. org/ 10. 1038/ s41467- 020- 19478-2 (2020).

 17. Stephansson, O., Petersson, K., Bjork, C., Conner, P. & Wikstrom, A. K. The Swedish pregnancy register: For quality of care 
improvement and research. Acta Obstet. Gynecol. Scand. 97, 466–476. https:// doi. org/ 10. 1111/ aogs. 13266 (2018).

 18. Ludvigsson, J. F. The first eight months of Sweden’s COVID-19 strategy and the key actions and actors that were involved. Acta 
Paediatr. 109, 2459–2471. https:// doi. org/ 10. 1111/ apa. 15582 (2020).

 19. Emeruwa, U. N. et al. Associations between built environment, neighborhood socioeconomic status, and SARS-CoV-2 infection 
among pregnant women in New York City. JAMA 324, 390–392. https:// doi. org/ 10. 1001/ jama. 2020. 11370 (2020).

 20. Khunti, K., Singh, A. K., Pareek, M. & Hanif, W. Is ethnicity linked to incidence or outcomes of covid-19?. BMJ 369, m1548. https:// 
doi. org/ 10. 1136/ bmj. m1548 (2020).

 21. Mackey, K. et al. Racial and ethnic disparities in COVID-19-related infections, hospitalizations, and deaths: A systematic review. 
Ann. Intern. Med. 174, 362–373. https:// doi. org/ 10. 7326/ M20- 6306 (2021).

 22. Pineles, B. L. et al. Racial-ethnic disparities and pregnancy outcomes in SARS-CoV-2 infection in a universally-tested cohort in 
Houston, Texas. Eur. J. Obstet. Gynecol. Reprod. Biol. 254, 329–330. https:// doi. org/ 10. 1016/j. ejogrb. 2020. 09. 012 (2020).

 23. Phillips, N., Park, I. W., Robinson, J. R. & Jones, H. P. The perfect storm: COVID-19 health disparities in US blacks. J. Racial Ethn. 
Health Disparities https:// doi. org/ 10. 1007/ s40615- 020- 00871-y (2020).

 24. Engjom, H. et al. COVID-19 in pregnancy-characteristics and outcomes of pregnant women admitted to hospital because of 
SARS-CoV-2 infection in the Nordic countries. Acta Obstet. Gynecol. Scand. 100, 1611–1619. https:// doi. org/ 10. 1111/ aogs. 14160 
(2021).

 25. Knight, M. et al. Characteristics and outcomes of pregnant women admitted to hospital with confirmed SARS-CoV-2 infection 
in UK: National population based cohort study. BMJ 369, m2107. https:// doi. org/ 10. 1136/ bmj. m2107 (2020).

Acknowledgements
We would like to thank the members of the Scandinavian studies of COvid-19 in PrEgnancy (SCOPE) scientific 
team for fruitful discussions, and the Swedish Public Health Agency for collaboration on SARS-CoV-2 data, 
and the Swedish Pregnancy Register.

Author contributions
A.K.Ö. and O.S. outlined the initial idea. A.K.Ö., M.C.M., J.S., L.O., S.E.H. and O.S. contributed to the final 
research question and the final study design. M.C.M. and J.S. was responsible for the statistical analyses includ-
ing data collection and preparation. A.K.Ö. drafted the tables, flow chart and manuscript. A.K.Ö., M.C.M., J.S., 
L.O., A.N.A., S.H.E. and O.S. participated in interpretation of the results, draft revision and approved the final 
version of the manuscript.

Funding
Open access funding provided by Karolinska Institute. This work was funded by Nordforsk through the fund-
ing to SCOPE—Scandinavian studies of COvid-19 in PrEgnancy (No. 105545) and by the Norwegian Research 
Council through its Centres of Excellence scheme (No. 262700) and the project: Safety of Covid-19 vaccination 
in pregnancy (No. 324312).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 12395-y.

Correspondence and requests for materials should be addressed to A.K.Ö.

https://doi.org/10.1016/j.ajog.2021.05.016
https://doi.org/10.1001/jamapediatrics.2021.1050
https://doi.org/10.1001/jama.2021.5775
https://doi.org/10.1371/journal.pone.0251123
https://doi.org/10.1111/aogs.14252
https://doi.org/10.1111/aogs.14252
https://doi.org/10.1111/1471-0528.16981
https://doi.org/10.1111/1471-0528.16403
https://doi.org/10.1111/jog.14729
https://doi.org/10.1111/ppe.12743
https://doi.org/10.1111/ppe.12743
https://doi.org/10.1016/j.ajogmf.2020.100212
https://doi.org/10.1055/s-0040-1714060
https://doi.org/10.1038/s41467-020-19478-2
https://doi.org/10.1111/aogs.13266
https://doi.org/10.1111/apa.15582
https://doi.org/10.1001/jama.2020.11370
https://doi.org/10.1136/bmj.m1548
https://doi.org/10.1136/bmj.m1548
https://doi.org/10.7326/M20-6306
https://doi.org/10.1016/j.ejogrb.2020.09.012
https://doi.org/10.1007/s40615-020-00871-y
https://doi.org/10.1111/aogs.14160
https://doi.org/10.1136/bmj.m2107
https://doi.org/10.1038/s41598-022-12395-y
https://doi.org/10.1038/s41598-022-12395-y


11

Vol.:(0123456789)

Scientific Reports |         (2022) 12:8355  | https://doi.org/10.1038/s41598-022-12395-y

www.nature.com/scientificreports/

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The association between maternal characteristics and SARS-CoV-2 in pregnancy: a population-based registry study in Sweden and Norway
	Material and methods
	Study population and design. 
	Testing strategies and reporting of SARS-CoV-2. 
	Investigated characteristics. 
	Statistical analyses. 
	Ethical approval. 

	Results
	Characteristics of SARS-CoV-2 test-positive pregnant women in Sweden. 
	Characteristics of SARS-CoV-2 test-positive pregnant women in Norway. 
	Characteristics of pregnant women tested for SARS-CoV-2 in Norway. 

	Discussion
	References
	Acknowledgements


