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A B S T R A C T   

Pregnant persons are at higher risk of severe COVID-19. Although vaccination is recommended, COVID-19 
vaccination rates are lower among pregnant persons compared to the non-pregnant population. We aimed to 
evaluate acceptance of any dose of COVID-19 vaccine during pregnancy. A national online cross-sectional survey 
of US adults who were pregnant between December 2020 and July 2021 was used to measure COVID-19 vaccine 
behaviors, attitudes, and beliefs. Post-stratification weighting was used to ensure representativeness to the US 
population. Marginal log-binomial models were used to estimate adjusted prevalence ratios (aPR) of COVID-19 
vaccine acceptance, accounting for sociodemographic factors. Of 5,660 who responded to survey advertisements, 
2,213 met eligibility criteria and completed the survey; 55.4% of respondents received or planned to receive 
COVID-19 vaccine prior to or during pregnancy, 27.0% planned to vaccinate after pregnancy, 8.8% were unsure 
and 8.7% had no plans to vaccinate. Individuals were more likely to receive or plan to receive COVID-19 vaccine 
if they had group prenatal care (aPR 1.57; 95% CI 1.40, 1.75), were employed in a workplace with a policy 
recommending vaccination (aPR 1.15; 95% CI 1.06, 1.26), and believed COVID-19 vaccines are safe (aPR 2.86; 
95% CI 2.49, 3.29). Pregnant persons who were recommended COVID-19 vaccination by their healthcare pro-
vider less commonly reported concerns about vaccine safety (35.5% vs 55.9%) and were more likely to accept 
COVID-19 vaccines (aPR 1.52; 95% CI 1.31, 1.76). COVID-19 vaccine acceptance during pregnancy is not uni-
versal and public health intervention will be needed to continue to increase vaccine coverage.   

1. Introduction 

Pregnant persons are more likely than non-pregnant persons to 
experience severe COVID-19, including higher rates of admission to 
intensive care unit and requirement for invasive mechanical ventilation 
or extracorporeal membrane oxygenation (Allotey et al., 2020; Ko et al., 
2021; Vousden et al., 2021; Zambrano et al., 2020). Recent data suggest 
the severity of COVID-19 during pregnancy may have increased 
following the dominance of the Delta B.1.617.2 virus (Adhikari et al., 
2022). Physiological changes during pregnancy impact the immune 
system which increases the severity of infectious illnesses subsequently 
increasing maternal and fetal morbidity and mortality (Kourtis et al., 
2014). As a result, pregnant and recently pregnant persons are consid-
ered a high-risk group for COVID-19 by the US Centers for Disease 

Control and Prevention (CDC) (CDC, 2021) In addition to the direct 
health effects on the mother, adverse health outcomes have been 
observed for infants born to SARS-CoV-2 infected mothers, including 
preterm birth, cesarean delivery, postpartum hemorrhage, and admis-
sion to neonatal intensive care (Allotey et al., 2020; Blitz et al., 2021; 
Huntley et al., 2021; Oltean et al., 2021). 

In December 2020, the American College of Obstetricians and Gy-
necologists (ACOG) and the CDC recommended that pregnant and 
lactating individuals should be given access to COVID-19 vaccines (CDC, 
2021; ACOG, 2020). Despite this, vaccination rates are low around the 
time of pregnancy and there is evidence to show that individuals delay 
vaccination around the time of pregnancy (Razzaghi et al., 2021; Raz-
zaghi et al., 2022). A recent analysis of National Immunization Survey 
(COVID-19 supplemental module) data showed that among women aged 
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18–49 years old, COVID-19 vaccination coverage is lower among preg-
nant individuals (45 %), those who are trying to become pregnant (49 
%) and those breastfeeding (51 %) compared to non-pregnant women 
and those not trying to conceive (65 %) (Razzaghi et al., 2022). Given 
the higher rate of serious complications observed among pregnant per-
sons with COVID-19 (Zambrano et al., 2020; Kasehagen et al., 2021; 
DeSisto et al., 2021), further understanding of the factors associated 
with vaccine acceptance, delay and refusal around the time of pregnancy 
is needed. 

2. Methods 

2.1. Study sample 

Between May and July 2021, we conducted a national, online cross- 
sectional survey of pregnant or recently pregnant US adults. Individuals 
were invited to participate through internet advertising that targeted 
adults based on search history and social media group membership 
indicative of pregnancy or the presence of a newborn in the household. 
Individuals were eligible to participate if they were 18 to 45 years of age, 
resident in the US, and had been pregnant any time since January 2020 
(i.e., beginning of SARS-CoV-2 activity in the US). For this analysis, we 
restricted the sample to those who had a pregnancy ending after 
December 2020 (i.e., period of COVID-19 vaccine availability in the US). 
Quota-based sampling based on age, race/ethnicity and US region of 
residence was used to promote representativeness of the survey results. 
Based on a population size of 3.7 million U.S. births nationally, 2,400 
participants were needed to estimate COVID-19 vaccination with a 
margin of error ±2 % and 95 % confidence level. The study was 
reviewed and approved by the University of San Francisco Institutional 
Review Board. 

2.2. Measures 

Following provision of informed consent, respondents were asked to 
complete a 30-minute online survey (Appendix). The survey included 
items on pregnancy history, prenatal care, social support, risk behaviors 
including substance use, experiences with COVID-19 infection and 
vaccines, health-related quality-of-life, and sociodemographic informa-
tion and zip code of residence. Where available, survey items were 
adapted from the US CDC’s Pregnancy Risk Assessment Monitoring 
System. Zip codes were used to determine rurality of residence based on 
2013 NCHS urban–rural codes (Ingram and Franco, 2014). Respondents 
were asked to self-report information on the receipt of COVID-19 vac-
cines. Those who reported receiving ≥1 dose of COVID-19 vaccine were 
asked whether they received the vaccine before, during or after preg-
nancy (for postpartum participants) and reasons for receiving COVID-19 
vaccine (multiple reasons could be provided). Those who reported not 
receiving any COVID-19 vaccine were asked about their plans to receive 
COVID-19 vaccine. Those with no plans to vaccinate were asked about 
their reasons for not receiving COVID-19 vaccine. Participants were 
additionally asked 10 items regarding their attitudes and perceptions of 
COVID-19 vaccines, and 8 items regarding their attitudes and percep-
tions of other vaccines. Survey items asked respondents to report on a 5- 
point Likert scale how well they agreed with each vaccine-related item 
(“strongly disagree”, “disagree”, “neither disagree nor agree”, “agree” or 
“strongly agree”). 

Based on survey responses, participants were categorized into four 
mutually exclusive groups: 1) those who received or plan to receive 
COVID-19 vaccine before or during pregnancy (COVID-19 vaccine 
acceptance); 2) those who plan to receive COVID-19 vaccine after 
pregnancy (COVID-19 vaccine delay); 3) those who were uncertain 
whether they would receive a COVID-19 vaccine (COVID-19 vaccine 
hesitancy); and 4) those who do not plan to receive a COVID-19 vaccine 
(COVID-19 vaccine refusal). 

2.3. Statistical analysis 

We applied post-stratification weights to the sample data by 
maternal age, race/ethnicity, and US census region of residence. 
Weights were calculated based on US natality data for 2016–2019 
(Table S1). We estimated weighted percentages and 95 % confidence 
intervals for all study outcomes. We compared respondent characteris-
tics and self-reported attitudes toward vaccines by vaccination group 
using Chi-squared tests and examining overlap between confidence in-
tervals. To assess pregnancy, clinical, employment and attitudinal fac-
tors associated with COVID-19 vaccine acceptance, we used marginal 
log-binomial models to estimate prevalence ratios and 95 % confi-
dence intervals. For log-binomial models, we defined COVID-19 vaccine 
acceptance as having received ≥ 1 dose of COVID-19 vaccine before or 
during pregnancy or planning to receive vaccine during pregnancy. 
Those delaying, expressing hesitancy or planning to refuse COVID-19 
vaccines formed the comparator. Models allowed for clustering within 
state and adjusting for maternal age, race/ethnicity, birth overseas, 
rurality and region of residence, educational attainment, and insurance 
status. Because <6 % of variables were missing data, we performed a 
complete case analysis. 

3. Results 

In total, 6,089 individuals responded to the study advertisement. Of 
these, 429 (7.0 %) were screened ineligible. Of the 5,660 eligible par-
ticipants, 687 (12.1 %) did not consent to participate (Figure S1). Of the 
4,973 participants who consented to participate, 3,392 (68.2 %) 
completed the survey (Figure S2), and 2,360 (69.6 %) of these re-
spondents had a pregnancy during the period of vaccine availability in 
the US. We excluded 147 participants who did not provide complete 
information on COVID-19 vaccination, leaving 2,213 participants for 
inclusion in the final analysis. The characteristics of respondents are 
provided in Table S1. The weighted sample characteristics were similar 
to those of the US population of births in terms of maternal age, race/ 
ethnicity, US Census region of residence, and rurality of residence 
(Table S1). 

Overall, 55.4 % (95 % CI 53.3, 57.6 %) of respondents had received 
or planned to receive ≥1 dose of COVID-19 vaccine during pregnancy 
(8.4 % received prior to pregnancy, 45.3 % received during pregnancy, 
and 1.7 % planned to receive during pregnancy); 27.0 % (95 % CI 25.1, 
28.9 %) planned to wait until after pregnancy; 8.8 % (95 % CI 7.6, 10.1 
%) were unsure whether they would receive a COVID-19 vaccine; and 
8.7 % (95 % CI 7.5, 10.0 %) had no plans to receive a COVID-19 vaccine 
(Table 1). Those who delayed or refused vaccination were more 
commonly 18–24 years of age, born overseas, and had lower educational 
attainment and household income (P < 0.001). Those who delayed or 
were hesitant toward COVID-19 vaccination were more commonly 
Latina/x compared to those who accepted or refused COVID-19 vacci-
nation. Those who delayed vaccination commonly reported receiving 
other recommended vaccines (influenza: 63.9 %; Tdap: 68.5 %). Few 
respondents who refused COVID-19 vaccination reported receiving 
other recommended vaccines (influenza: 15.4 %; Tdap: 30.2 %) 
(Table 1). 

3.1. Reasons for COVID-19 vaccine acceptance or refusal 

Among vaccinated respondents and those planning to receive a 
COVID-19 vaccine, 34.2 % reported their main reason for vaccination 
was wanting to protect themselves; 32.7 % reported wanting to protect 
their baby; 18.6 % wanted to protect their community; 4.2 % reported 
being required to receive the COVID-19 vaccine for their work or school; 
2.1 % reported other reasons for COVID-19 vaccination. Among those 
who refused COVID-19 vaccine, the most common reason provided was 
concerns about vaccine side effects (42.6 %); 22.6 % of unvaccinated 
respondents believed the vaccine was not necessary; 6.2 % said their 
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Table 1 
Characteristics of pregnant persons, by COVID-19 vaccine acceptance – United 
States, May to July 2021.  

Characteristic COVID-19 
vaccine 
acceptance* 
(n = 1,238) 

COVID-19 
vaccine 
delay (n =
591) 

COVID-19 
vaccine 
hesitancy 
(n = 192) 

COVID-19 
vaccine 
refusal (n 
= 192) 

n (weighted%) n 
(weighted 
%) 

n (weighted 
%) 

n (weighted 
%) 

Maternal age†

18–24 years 79 (6.5 %) 80 (12.2 %) 41 (20.7 %) 59 (28.9 %) 
25–29 years 390 (30.9 %) 164 (27.6 

%) 
53 (26.5 %) 68 (35.7 %) 

30–34 years 450 (36.2 %) 187 (31.5 
%) 

51 (27.2 %) 39 (20.6 %) 

35–39 years 261 (21.5 %) 134 (23.9 
%) 

35 (18.9 %) 24 (13.5 %) 

≥40 years 58 (4.9 %) 26 (4.9 %) 12 (6.7 %) 2 (1.3 %) 
Race/ethnicity†

White, Non- 
Hispanic 

896 (74.6 %) 459 (79.7 
%) 

144 (74.6 
%) 

161 (84.4 
%) 

Black, Non- 
Hispanic 

127 (9.0 %) 12 (2.2 %) 8 (5.5 %) 9 (4.4 %) 

Hispanic or 
Latina/x 

102 (8.1 %) 98 (15.0 %) 33 (16.6 %) 18 (8.8 %) 

Pacific Islander 0 (0 %) 0 (0 %) 1 (0.5 %) 0 (0 %) 
American Indian / 

Alaskan Native 
5 (0.5 %) 4 (0.6 %) 2 (1.3 %) 2 (1.5 %) 

Asian 104 (7.5 %) 16 (2.2 %) 2 (0.7 %) 2 (0.9 %) 
Multiple Races 4 (0.3 %) 2 (0.3 %) 2 (0.9 %) 0 (0 %) 
Born overseas†

Yes 105 (8.5 %) 86 (13.9 %) 25 (13.4 %) 9 (4.5 %) 
No 1,119 (91.5 %) 496 (86.1 

%) 
163 (86.6 
%) 

178 (95.5 
%) 

Educational 
attainment†

High school 
diploma or less 

114 (9.1 %) 66 (10.1 %) 33 (17.1 %) 32 (16.0 %) 

Some college or 
technical school 

163 (13.1 %) 102 (17.6 
%) 

48 (26.6 %) 65 (36.1 %) 

College degree 428 (35.0 %) 213 (36.4 
%) 

68 (33.8 %) 67 (35.0 %) 

Graduate degree 533 (42.9 %) 210 (35.9 
%) 

42 (22.4 %) 26 (12.8 %) 

Household 
income†

<$20,000 39 (3.4 %) 42 (6.2 %) 21 (10.6 %) 23 (11.2 %) 
$20,000 to 

$34,999 
129 (10.3 %) 64 (10.2 %) 30 (16.8 %) 29 (14.3 %) 

$35,000 to 
$49,999 

120 (9.3 %) 58 (9.2 %) 25 (12.7 %) 27 (15.3 %) 

$50,000 to 
$74,999 

195 (15.9 %) 111 (19.6 
%) 

34 (18.0 %) 42 (23.0 %) 

$75,000 to 
$99,999 

297 (24.1 %) 127 (21.9 
%) 

41 (20.8 %) 40 (20.5 %) 

$100,000 to 
$149,999 

281 (22.8 %) 128 (22.3 
%) 

25 (12.6 %) 23 (11.5 %) 

≥$150,000 177 (14.2 %) 61 (10.6 %) 16 (8.5 %) 8 (4.1 %) 
Insurance 

coverage†

Private health 
insurance 

1,059 (85.5 %) 457 (79.0 
%) 

127 (65.4 
%) 

132 (67.4 
%) 

Medicaid 120 (9.7 %) 88 (14.1 %) 31 (16.8 %) 38 (20.9 %) 
Other health 

insurance 
47 (3.8 %) 29 (4.4 %) 20 (10.0 %) 15 (8.0 %) 

Uninsured 12 (1.0 %) 17 (2.4 %) 14 (7.8 %) 7 (3.8 %) 
Break in 

insurance 
during 
pregnancy     

Yes 50 (3.8 %) 30 (4.9 %) 12 (6.7 %) 3 (1.8 %) 
No 1,188 (96.2 %) 561 (95.1 

%) 
180 (93.3 
%) 

189 (98.2 
%) 

Residence§

Large Central 
Metro 

307 (24.4 %) 138 (22.2 
%) 

33 (16.7 %) 33 (16.2 %)  

Table 1 (continued ) 

Characteristic COVID-19 
vaccine 
acceptance* 
(n = 1,238) 

COVID-19 
vaccine 
delay (n =
591) 

COVID-19 
vaccine 
hesitancy 
(n = 192) 

COVID-19 
vaccine 
refusal (n 
= 192) 

n (weighted%) n 
(weighted 
%) 

n (weighted 
%) 

n (weighted 
%) 

Large Fringe 
Metro 

257 (21.2 %) 129 (21.6 
%) 

35 (17.4 %) 37 (18.4 %) 

Medium Metro 299 (24.2 %) 171 (29.2 
%) 

60 (31.5 %) 55 (28.8 %) 

Small Metro 144 (11.7 %) 68 (11.9 %) 34 (16.6 %) 28 (15.2 %) 
Micropolitan 125 (10.0 %) 58 (10.0 %) 18 (10.8 %) 27 (14.8 %) 
Non-Core 106 (8.3 %) 27 (5.0 %) 12 (7.0 %) 12 (6.5 %) 
Region§

Northeast 204 (16.1 %) 81 (13.5 %) 28 (14.3 %) 20 (10.5 %) 
South 433 (35.4 %) 216 (36.7 

%) 
82 (42.8 %) 84 (44.8 %) 

Midwest 319 (21.9 %) 147 (26.0 
%) 

38 (20.8 %) 46 (24.0 %) 

West 276 (21.9 %) 147 (23.7 
%) 

44 (22.1 %) 41 (20.1 %) 

US territory 6 (0.5 %) 0 (0 %) 0 (0 %) 1 (0.6 %) 
Employment†

Employed 1,004 (80.7 %) 371 (64.8 
%) 

102 (53.3 
%) 

106 (53.2 
%) 

Essential worker† 586 (47.4 %) 221 (39.1 
%) 

77 (40.8 %) 68 (34.8 %) 

Essential HCP† 285 (23.3 %) 108 (18.9 
%) 

40 (21.1 %) 25 (12.8 %) 

Essential HCP 
with patient 
contact§

259 (21.0 %) 102 (18.0 
%) 

37 (19.5 %) 22 (11.3 %) 

Military§ 36 (2.4 %) 5 (0.7 %) 4 (1.8 %) 1 (0.6 %) 
Unemployed 182 (15.0 %) 168 (26.8 

%) 
71 (36.5 %) 74 (40.6 %) 

Homemaker, 
Student or 
Unable to work 

52 (4.3 %) 52 (8.3 %) 19 (10.2 %) 12 (6.2 %) 

Workplace 
recommended 
vaccination§

Yes 704 (55.8 %) 218 (38.5 
%) 

62 (32.9 %) 50 (25.5 %) 

No 534 (44.2 %) 373 (61.5 
%) 

130 (67.1 
%) 

142 (74.5 
%) 

Pre-existing 
medical 
conditions     

Diabetes 28 (2.1 %) 13 (2.5 %) 5 (3.1 %) 3 (1.4 %) 
Chronic 

hypertension 
40 (3.6 %) 24 (5.0 %) 10 (5.7 %) 11 (6.1 %) 

Depression 147 (12.9 %) 95 (16.3 %) 30 (16.7 %) 29 (15.1 %) 
Asthma 113 (9.8 %) 57 (10.1 %) 21 (11.6 %) 22 (11.4 %) 
Coronary heart 

disease 
12 (0.8 %) 2 (0.4 %) 0 (0 %) 1 (<0.1 %) 

Obesity† 171 (14.2 %) 125 (21.5 
%) 

39 (21.1 %) 37 (18.7 %) 

PNC Provider†

Private 
obstetrician 

760 (62.4 %) 407 (69.8 
%) 

121 (64.8 
%) 

106 (56.4 
%) 

Primary care 
provider 

110 (8.6 %) 19 (2.9 %) 9 (4.9 %) 7 (4.0 %) 

Nurse or midwife 338 (26.5 %) 141 (23.4 
%) 

53 (25.5 %) 69 (34.5 %) 

Government clinic 3 (0.3 %) 9 (1.3 %) 6 (2.9 %) 4 (1.7 %) 
Other provider 27 (2.2 %) 15 (2.6 %) 3 (1.9 %) 6 (3.3 %) 
Received group 

PNC†

Yes 297 (21.6 %) 28 (4.5 %) 7 (4.1 %) 10 (4.9 %) 
No 941 (78.3 %) 563 (95.5 

%) 
192 (95.9 
%) 

182 (95.1 
%) 

HCP 
Recommended 
vaccination     

Yes 790 (65.3 %) 72 (37.9 %) 52 (26.8 %) 

(continued on next page) 
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plans to vaccinate could change after breastfeeding; and 4.5 % were 
unsure whether the vaccine would work. No respondent reported bar-
riers to accessing COVID-19 vaccines (i.e., uncertain how to access, 
affordability) as a reason for not receiving a COVID-19 vaccine. 

3.2. COVID-19 vaccine attitudes 

A higher proportion of pregnant persons who were vaccinated or 
planning to vaccinate supported the belief that COVID-19 vaccines are 
safe, that the benefits outweigh the risks, and that the vaccine would 
protect them against COVID-19 (Fig. 1). When we examined attitudes 
toward other vaccines, the primary difference between those who 
accepted COVID-19 vaccines and those who did not was in relation to 
trust in government: 67 % of those vaccinated or planning to vaccinate 
reported that they trusted their government to make vaccine decisions in 
their best interest, whereas 51 % of those who planned to delay vacci-
nation until after pregnancy, 32 % of those who were unsure and 11 % of 
those who refused vaccination endorsed this belief (Fig. 2). 

Pregnant persons who were recommended COVID-19 vaccination by 
their healthcare provider less commonly reported concerns about vac-
cine safety (35.5 % vs 55.9 %, P < 0.001), concerns about the vaccine 
not being tested among pregnant and breastfeeding individuals (48.8 % 
vs 36.9 %, P < 0.001), and concerns about vaccines being approved so 
quickly (26.8 % vs 49.3 %, P < 0.001) compared to respondents with no 
provider recommendation. Respondents whose provider recommended 
COVID-19 vaccination also more frequently reported believing COVID- 
19 vaccines are efficacious (77.1 % vs 45.4 %, P < 0.001) and that the 
benefits of COVID-19 vaccination outweigh the risks (86.4 % vs 51.7 %, 
P < 0.001) compared to respondents with no provider recommendation. 

3.3. Factors associated with COVID-19 vaccine acceptance 

Attitudes toward COVID-19 vaccines and other vaccines were most 
strongly associated with COVID-19 vaccine acceptance during preg-
nancy. Vaccine acceptance was 2–3 times more likely among re-
spondents who reported believing COVID-19 vaccines are safe (aPR 
2.86; 95 % CI 2.49, 3.29), and COVID-19 vaccines have been tested 
properly for safety and effectiveness (aPR 2.54; 95 % CI 2.25, 2.86). 
Vaccine acceptance was significantly less likely among those who re-
ported being worried that COVID-19 vaccines were approved so quickly 
(aPR 0.45; 95 % CI 0.40, 0.51), worried about possible long-term side 
effects of COVID-19 vaccines (aPR 0.47; 95 % CI 0.42, 0.52), and feeling 
social pressure to get vaccinated (aPR 0.62; 95 % CI 0.57, 0.68). In terms 
of attitudes toward other vaccines, trust in government to make vaccine 
decisions (aPR 1.71; 95 % CI 1.55, 1.87), belief that vaccines are safe for 
themselves and their children (aPR 1.53; 95 % CI 1.63; 95 % CI 1.42, 
1.86), and trust that their healthcare provider was honest about risks 
and benefits of vaccines (aPR 1.61; 95 % CI 1.43, 1.82) were positively 
associated with COVID-19 vaccine acceptance (Fig. 3). Only belief that 
vaccine preventable diseases could be serious was not associated with 
COVID-19 vaccine acceptance during pregnancy (aPR 1.08; 95 % CI 
0.96, 1.23). 

Certain clinical and employment policies were also independently 
associated with vaccine acceptance. For example, although employment 
as an essential healthcare professional was not associated with vaccine 
acceptance during pregnancy after adjustment for other factors (aPR 
1.01; 95 % CI 0.79, 1.29), having an employment policy recommending 
vaccination was positively associated with vaccine acceptance during 
pregnancy (aPR 1.15; 95 % CI 1.06, 1.26). Those participating in group 
prenatal care were 57 % more likely to accept COVID-19 vaccines 
compare to those not receiving group care (aPR 1.57; 95 % CI 1.40, 
1.75), and those receiving prenatal care from a primary care provider 
were 22 % more likely to accept COVID-19 vaccines compared to those 
receiving prenatal care from a private obstetrician (aPR 1.22; 95 % CI 
1.07, 1.39) (Fig. 3). Respondents who reported that their healthcare 
provider recommended COVID-19 vaccination were 52 % more likely to 

Table 1 (continued ) 

Characteristic COVID-19 
vaccine 
acceptance* 
(n = 1,238) 

COVID-19 
vaccine 
delay (n =
591) 

COVID-19 
vaccine 
hesitancy 
(n = 192) 

COVID-19 
vaccine 
refusal (n 
= 192) 

n (weighted%) n 
(weighted 
%) 

n (weighted 
%) 

n (weighted 
%) 

361 (61.7 
%) 

No 448 (34.7 %) 230 (38.3 
%) 

120 (62.1 
%) 

140 (73.1 
%) 

Parity†

Parity 0 408 (32.5 %) 117 (19.4 
%) 

35 (19.0 %) 78 (39.6 %) 

Parity 1 531 (42.3 %) 249 (42.3 
%) 

68 (35.1 %) 65 (34.2 %) 

Parity ≥ 2 299 (25.2 %) 225 (38.3 
%) 

89 (45.8 %) 49 (26.2 %) 

Calendar time of 
conception     

Prior to Sept 2020 264 (21.7) 326 (55.6) 85 (42.7) 5 (1.7) 
Sept 2020–Dec 

2020 
454 (37.1) 185 (30.7) 76 (41.1) 110 (57.5) 

After Dec 2020 520 (41.1) 80 (13.6) 31 (16.2) 77 (40.8) 
Pregnancy 

Intention⁋     

Intended 908 (73.5 %) 416 (70.9 
%) 

119 (61.3 
%) 

125 (66.0 
%) 

Unintended 330 (26.4 %) 175 (29.1 
%) 

73 (38.7 %) 67 (34.0 %) 

Marital status†

Married or 
member of 
unmarried 
couple 

1,144 (91.9 %) 496 (83.8 
%) 

141 (75.6 
%) 

155 (81.9 
%) 

Unmarried 94 (8.1 %) 95 (16.2 %) 51 (27.4 %) 37 (18.1 %) 
Sexual 

orientation     
Lesbian or gay 11 (0.7 %) 6 (1.1 %) 0 (0 %) 2 (1.2 %) 
Heterosexual 1,122 (90.4 %) 527 (89.0 

%) 
182 (94.3 
%) 

176 (92.5 
%) 

Bisexual 90 (7.7 %) 48 (8.3 %) 7 (4.4 %) 11 (5.3 %) 
Something else 15 (1.2 %) 10 (1.6 %) 3 (1.3 %) 3 (1.0 %) 
Received other 

recommended 
vaccines     

Influenza vaccine† 509 (41.8 %) 378 (63.9 
%) 

91 (46.2 %) 32 (15.4 %) 

Tdap vaccine† 552 (45.3 %) 399 (68.5 
%) 

105 (54.9 
%) 

56 (30.2 %) 

Diagnosed with 
COVID-19*     

Yes 2 (0.1 %) 2 (0.4 %) 1 (0.6 %) 1 (0.3 %) 
No, but think they 

had COVID-19 
130 (10.7 %) 117 (20.4 

%) 
32 (16.7 %) 62 (33.7 %) 

No 1,101 (88.9 %) 464 (79.2 
%) 

157 (82.7 
%) 

126 (65.9 
%) 

Hospitalized 
with COVID-19     

Yes 37 (2.7 %) 11 (2.0 %) 3 (1.9 %) 4 (2.0 %) 
No 1,201 (97.3 %) 580 (98.0 

%) 
189 (98.1 
%) 

188 (97.9 
%) 

Abbreviations: HCP, healthcare personnel; Tdap, tetanus-diphtheria-acellular 
pertussis. 
*COVID-19 vaccine acceptance was defined as those who had received the 
vaccine prior to or during pregnancy or planned to receive the vaccine during 
pregnancy; COVID-19 vaccine delay was defined as those who planned to 
receive COVID-19 vaccine, but after pregnancy; COVID-19 vaccine hesitancy 
was defined as those who were uncertain whether they would receive a COVID- 
19 vaccine; COVID-19 vaccine refusal was defined as those who had no plans to 
receive COVID-19 vaccine. 

† Chi-squared comparison significant at P < 0.001. 
§ Chi-squared comparison significant a P < 0.05. 
⁋ Chi-squared comparison significant at P < 0.01. 

A.K. Regan et al.                                                                                                                                                                                                                                



Preventive Medicine Reports 29 (2022) 101977

5

accept COVID-19 vaccines (aPR 1.52; 95 % CI 1.31, 1.76). Those who 
reported previous infection with COVID-19 (clinically or self-diagnosed) 
were less likely to accept COVID-19 vaccines during pregnancy (aPR 
0.66; 95 % CI 0.59, 0.73). Pre-existing medical conditions were not 
significantly associated with COVID-19 vaccine acceptance during 
pregnancy (aPR 0.97; 95 % CI 0.88, 1.08). 

4. Discussion 

In this national survey of pregnant and recently pregnant US persons, 
we found that between December 2020 and July 2021, 8 % of re-
spondents received ≥ 1 dose prior to pregnancy, 47 % received or 
planned to receive ≥ 1 dose during pregnancy, and another 27 % 
planned to receive COVID-19 vaccine after their pregnancy. While this 
estimate indicates as much as 55 % of pregnant persons could be pro-
tected from SARS-CoV-2 infection via vaccination, nearly-one-half of 
pregnant persons would remain vulnerable through the delay or refusal 
of COVID-19 vaccination during pregnancy. Concerns about the safety 
and benefits of COVID-19 vaccines were associated with vaccine delay 
and refusal, and these concerns were less common among those who 
received a COVID-19 vaccine recommendation by a healthcare provider. 
These issues should be addressed in future campaigns and interventions 
that aim to increase COVID-19 vaccination among pregnant persons. 

Coverage of COVID-19 vaccination, in our sample and others, is 
lower among pregnant persons compared to the US general population. 
Data from Vaccine Safety Datalink for July 2021 indicate that as of July 
2021, coverage of COVID-19 vaccine was 45 % among pregnant persons; 
22 % had received COVID-19 vaccine before pregnancy, 19 % during 
pregnancy, and 4 % before and during pregnancy (CDC, 2022). In 

contrast, a national poll by Kaiser Family Foundation between July 15- 
27th found that 67 % of US adults had received at least one dose of 
COVID-19 vaccine and another 3 % planned to receive the vaccine 
(Kaiser Family Foundation, 2021). Results from US surveys have 
consistently shown that pregnant and breastfeeding individuals are less 
likely to accept COVID-19 vaccines compared to nonpregnant re-
spondents (Sutton et al., 2021). While 76 % of nonpregnant respondents 
report acceptance of COVID-19 vaccines, 41 to 44 % of pregnant and 55 
% of breastfeeding individuals were willing to accept COVID-19 vaccine 
(Sutton et al., 2021; Battarbee et al., 2022). National survey data have 
shown that COVID-19 vaccine coverage is 14–20 % lower among preg-
nant persons and those breastfeeding compared to non-pregnant women 
who are not attempting to conceive (Razzaghi et al., 2022). This prob-
lem is not isolated to the US. A global survey of vaccine acceptance 
among pregnant persons across 16 countries indicated that given a 90 % 
vaccine efficacy, 52 % of pregnant persons and 73 % of nonpregnant 
persons would receive a COVID-19 vaccine (Skjefte et al., 2021). 

This low coverage and uptake stands in contrast to recommendations 
made by ACOG and Society for Maternal-Fetal Medicine (ACOG, 2020) 
and the continually expanding global recommendations for COVID-19 
immunization during pregnancy (John Hopkins University, 2021). As 
a result, intervention is needed to improve immunization rates among 
pregnant individuals, both in the US and other countries with similar 
recommendations. We found the strongest factors associated with 
COVID-19 vaccine acceptance were linked with vaccine attitudes. 
Concerns about the safety of COVID-19 vaccines and the limited data 
specific to pregnant and breastfeeding individuals were commonly cited 
among those delaying or refusing COVID-19 vaccines. These findings 
align with those from a recent global survey, showing the strongest 

Fig. 1. Attitudes toward COVID-19 vaccines expressed by pregnant persons, by COVID-19 vaccine acceptance – United States, May to July 2021.  
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predictors of vaccine intentions identified globally was confidence in the 
vaccine safety and perceived effectiveness of COVID-19 vaccines 
(Skjefte et al., 2021). Interventions which target perceptions of and at-
titudes toward COVID-19 vaccines are needed to improve COVID-19 
vaccine acceptance during pregnancy. These attitudinal barriers to 
vaccination are not unique to COVID-19 vaccines. Previous in-
vestigations of other recommended vaccines, including influenza and 
Tdap vaccines, have shown that safety concerns are a major reason for 
refusal of other recommended vaccines (Wilson et al., 2015; Myers, 
2016). We found that while refusal of other recommended vaccines was 
common among those refusing COVID-19 vaccines, surprisingly, preg-
nant persons who delay COVID-19 vaccination frequently reported 
accepting other recommended vaccines. These results align with those 
from a recent systematic review, indicating that uptake of other rec-
ommended vaccines is higher compared to intention to receive COVID- 
19 vaccines (Shamshirsaz et al., 2022). 

Importantly, we found that respondents who had received a COVID- 
19 vaccine recommendation less commonly reported safety concerns, 
more commonly believed in the health benefits of vaccination, and more 
frequently accepted COVID-19 vaccines. Given healthcare provider 
recommendation has been consistently identified in the literature as an 
important predictor of other vaccines recommended during pregnancy 
(Wilson et al., 2015; Myers, 2016; Mak et al., 2015), it is likely that 
conversations with healthcare providers may also help improve COVID- 
19 vaccination rates. Interventions at the provider level should be used 
to better support patient-provider conversations about COVID-19 
vaccination. However, since receipt of a recommendation alone was 

modestly associated with higher COVID-19 vaccine acceptance, 
increasing the proportion of pregnant persons who receive a recom-
mendation is likely insufficient on its own. Multilevel interventions 
targeting the patient, provider, and institutional levels are likely needed. 
Prior research for pertussis and influenza vaccines have shown that 
patient and provider education, increasing access to vaccines through 
on-site vaccination services, and implementing standing orders can be 
effective in increasing acceptance of recommended vaccines during 
pregnancy (Patel et al., 2021; Omer et al., 2022). Uptake of COVID-19 
vaccines has increased since the implementation of this study. With 
70 % of the US population entering pregnancy and <2 % receiving a 
vaccine during pregnancy, (CDC, 2022) similar strategies will likely be 
needed to encourage vaccination among the remaining 28 % of unvac-
cinated pregnancies. 

This study had several strengths and weaknesses. First, we collected 
data from a large, diverse national sample of pregnancies six months 
following the introduction of COVID-19 vaccines in the US. We were 
able to capture a range of information related to health, pregnancy and 
beliefs and attitudes, which allowed us to comprehensively assess pre-
dictors of COVID-19 vaccine acceptance in this population. Despite this, 
we relied on self-reported immunization status. While previous research 
has shown that self-report is a reliable estimate of influenza vaccine 
status (Mak et al., 2015; King et al., 2018), the reliability of self-reported 
COVID-19 vaccine status has not yet been established. This may have 
resulted in an over or under-estimation of vaccine acceptance. 
Furthermore, although our sample included pregnancies from every US 
state, and we made additional efforts to ensure generalizability of our 

Fig. 2. Attitudes toward general vaccines expressed by pregnant persons, by COVID-19 vaccine acceptance* – United States, May to July 2021. *COVID-19 vaccine 
acceptance was defined as those who had received the vaccine prior to or during pregnancy or planned to receive the vaccine during pregnancy; COVID-19 vaccine 
delay was defined as those who planned to receive COVID-19 vaccine, but after pregnancy; COVID-19 vaccine hesitancy was defined as those who were uncertain 
whether they would receive a COVID-19 vaccine; COVID-19 vaccine refusal was defined as those who had no plans to receive COVID-19 vaccine. 
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results, due to the nature of survey recruitment, our sample was 
restricted to those with internet access and may represent a selective 
subset of pregnant persons. We therefore cannot completely exclude the 
possibility of selection bias in our sample. This could limit the gener-
alizability of our results. Finally, while this survey was useful for 
assessing COVID-19 vaccine attitudes during the six months following 
the introduction of COVID-19 vaccines in the US, acceptance of COVID- 
19 vaccines is likely to have improved since data collection, as 
demonstrate by the 70 % vaccine coverage currently observed among 
pregnant persons (CDC, 2022). Furthermore, because of the dynamic 
nature of the COVID-19 pandemic, including the emergence of more 
virulent variants of SARS-CoV-2 viruses, it is possible that vaccine 
acceptance among pregnant persons has changed. As a result, ongoing 
surveillance of COVID-19 vaccine behaviors and attitudes among preg-
nant persons is warranted. 

5. Conclusion 

Pregnant persons are a priority group for COVID-19 immunization. 
With 12 % of pregnant persons delaying vaccination until after preg-
nancy and 18 % indicating no plans to vaccinate, at least one-third of 
pregnant persons remained at higher risk for severe COVID-19. As with 
other recommended vaccines, concerns about vaccine safety appear to 
weigh heavily in the decision to delay or refuse COVID-19 vaccination. 
Interventions targeting patients and their providers which improve 
confidence in prenatal vaccination could be used to increase the pro-
portion of pregnancies protected through vaccination. 
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