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Abstract 

Introduction:  Concerns about SARS-CoV-2 infection risk in health care settings have resulted in changes in prena-
tal care and birth plans, such as shifts to in-person visits and increased Cesarean delivery. These changes may affect 
quality of care and limit opportunities for clinicians to counsel pregnant individuals, who are at higher risk of severe 
COVID-19 disease and adverse pregnancy outcomes, about prevention and vaccination.

Methods:  We conducted a cross-sectional online survey of United States adults on changes in prenatal care, COVID-
19 vaccine willingness, and reasons for unwillingness to receive a vaccine. We summarized changes in access to care 
and examined differences in vaccine willingness between pregnant and propensity-score matched non-pregnant 
controls using chi-squared tests and multivariable conditional logistic regression.

Results:  Between December 15–23, 2020, 8481 participants completed the survey, of which 233 were pregnant. 
Three-quarters of pregnant women (n = 186) experienced a change in prenatal care, including format of care (n = 84, 
35%) and reduced visits (n = 69, 24%). Two-thirds experienced a change in birth plans, from a hospital birth to home 
birth (n = 45, 18%) or vaginal birth to a Cesarean delivery (n = 42, 17%). Although 40% of pregnant women (n = 78) 
were unwilling to receive COVID-19 vaccination, they had higher, though non-significant, odds of reporting willing-
ness to receive vaccination compared to similar non-pregnant women (aOR 1.38, 95% CI: 0.95, 2.00).

Conclusion:  To support pregnant women through the perinatal care continuum, maternity care teams should 
develop protocols to foster social support, patient-centered education around infection prevention that focuses on 
improved risk perception, expected changes in care due to COVID-19, and vaccine effectiveness and safety.
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Significance statement
The COVID-19 pandemic changed prenatal care and 
birth plans for a majority of pregnant women in the 
United States in 2020. Our study results contribute to 
limited evidence on COVID-19 related disruptions, 
especially reduced visits and increases in home delivery 

and Cesarean delivery despite no known indications for 
change in mode of delivery. Many pregnant women were 
unwilling to receive COVID-19 vaccination, primarily 
due to concerns about safety, effectiveness, and conspir-
acy theories. Pregnant women most trusted information 
on vaccination from the Centers for Disease Control and 
Prevention, their primary care doctor, or family, suggest-
ing the importance of these stakeholders for counseling 
and communications interventions.
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Introduction
During the first year of the coronavirus disease 2019 
(COVID-19) pandemic, concerns around risk of SARS-
CoV-2 infection in health care settings resulted in obstet-
ric care providers partly shifting routine prenatal and 
postnatal visits from in-person to remote [1]. To mitigate 
transmission risk, hospitals limited the number of in-
person prenatal visits as well as the number of compan-
ions present during childbirth and, in some cases, even 
barred their presence entirely [2, 3]. Changes in prenatal 
care and uncertainty about plans for labor and delivery 
have implications for potential downstream adverse con-
sequences for mothers and infants and may limit oppor-
tunities for clinicians to appropriately counsel and guide 
pregnant individuals about COVID-19 prevention and 
vaccination.

Pregnant individuals infected with SARS-CoV-2 are at 
an increased risk of severe illness leading to hospitaliza-
tion, intensive care, mechanical ventilation, and death 
[4]. They may face increased risk of adverse maternal 
and neonatal outcomes, including stillbirth, maternal 
death, and maternal depression [5, 6]. This elevated risk 
for pregnant individuals and their infants emphasizes 
the need for individuals to closely follow preventive 
measures to protect against SARS-CoV-2 infection and 
consider seeking COVID-19 vaccination. Many clini-
cal practice guidelines for management of SARS-CoV-2 
infection in pregnancy have been developed, but there is 
need for greater consensus and promotion of evidence-
based guidelines for this purpose by national and interna-
tional professional societies [7].

Evidence thus far suggests that messenger RNA 
(mRNA) COVID-19 vaccines are efficacious in pregnant 
individuals and confer some protection to the fetus and 
infant, as vaccine-generated antibodies are detectable 
in umbilical cord blood and breastmilk samples [8–12]. 
Recently published data from V-safe Surveillance Sys-
tem and Pregnancy Registry suggest that the vaccine is 
safe during pregnancy; the proportion of adverse preg-
nancy and neonatal outcomes, including fetal loss, pre-
term birth, congenital anomalies, small-for-gestational 
age, and neonatal death based on the V-safe data are 
similar to incidences in pregnant populations before the 
COVID-19 pandemic [13, 14]. Given the potential bene-
fits of vaccination and the encouraging results about vac-
cine efficacy and safety for pregnant individuals, several 
leading organizations, including the Centers for Disease 
Control and Prevention (CDC) and American College of 
Obstetricians and Gynecologists (ACOG) and the Soci-
ety for Maternal-Fetal Medicine (SMFM) released early 
recommendations that pregnant or lactating individuals 
may choose to receive the COVID-19 vaccine [15–18]. 
On August 11, 2021, the CDC issued a recommendation 

that pregnant and lactating individuals should receive the 
vaccine [19].

Despite availability of safe and effective COVID-19 vac-
cines, vaccine hesitancy continues to undermine efforts 
to control the COVID-19 pandemic. In a global survey 
of pregnant individuals conducted between October and 
November 2020, only 52% pregnant women globally, and 
45% in the United States, said they would receive a hypo-
thetical safe and free vaccine that is 90% efficacious [20]. 
In a cross-sectional study of three centers in the United 
States between August and December 2020, only 41% of 
pregnant women surveyed said they would receive the 
vaccine [21]. Reasons for reluctance in the 2020 global 
survey included concerns about side effects of the vac-
cine, as well as safety and effectiveness data among preg-
nant women. Additionally, anti-vaccination campaigns 
have raised erroneous claims linking COVID-19 vaccines 
with infertility, which has exacerbated reluctance in some 
communities [22].

The Johns Hopkins University National Pandemic 
Pulse is a US population-representative, internet phone/
computer survey designed to obtain data on preven-
tive behaviors, risk perceptions, agency and stigma, and 
misinformation related to the ongoing COVID-19 pan-
demic across census regions. The aim of this study is to 
explore changes in prenatal care and birth planning and 
willingness of pregnant individuals to receive a COVID-
19 vaccine using data from the second National Pan-
demic Pulse survey conducted in December 2020. Our 
goal is to generate initial insights for clinical providers 
and policymakers to support development of strategies 
to communicate with pregnant individuals about the 
importance of receiving COVID-19 vaccination. Given 
the high-risk nature of this population, slowing vaccina-
tion rates in the United States, and concerns about vac-
cine safety and emerging misinformation, this research is 
critical to efforts to increase vaccine uptake and control 
the COVID-19 pandemic.

Methods
Context and study population
We fielded a nationally representative survey of adults 
ages 18 and older residing in the United States from 
December 15–23, 2020, approximately 2 weeks after 
the U.S. Food and Drug Administration (FDA) issued 
the first emergency use authorization for a COVID-19 
mRNA vaccine developed by Pfizer/BioNTech. The sur-
vey was administered by Dynata, a market research firm 
(https://​www.​dynata.​com) that maintains a large first-
party global data platform, including 62 million panelists 
with accompanying demographic information. Dynata 
randomly selected a sample of survey participants to 
match the U.S. Census estimates using demographic 

https://www.dynata.com/
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quotas for age, gender, race, income, and census region. 
Our study included all participants who reported in the 
survey that they were currently pregnant as well as a 
matched sub-sample of non-pregnant individuals iden-
tifying as women. Security and data quality checks uti-
lized included digital fingerprinting and spot-checking 
via third-party verification to confirm the identity of 
the respondents and prevent duplication. Participants 
received a small compensation for survey completion.

Questionnaire
The National Pandemic Pulse survey questionnaire 
included questions on participant demographic charac-
teristics, socioeconomic status, political affiliation, and 
basic health information, such as type of insurance and 
chronic conditions (Appendix 2). Participants identify-
ing as pregnant responded to a module of questions on 
COVID-19 related disruptions in prenatal care, perceived 
quality of care, and pregnancy-related resources adapted 
from the COVID-19 questionnaire by the Environmen-
tal Influences on Health Outcomes (ECHO) program 
supported by the National Institutes of Health [23]. We 
also included questions developed by our research team 
on COVID-19 vaccine willingness and reasons for being 
unwilling to receive a vaccine. Specifically, we asked par-
ticipants how willing they would be to receive a COVID-
19 vaccine. Participants could respond as extremely 
willing, willing, unwilling, or extremely unwilling. For 
those who reported being unwilling to receive a COVID-
19 vaccine, reasons for this hesitancy were captured. Par-
ticipants were also asked about which sources they trust 
most for vaccine-related information.

Statistical analysis
Our analysis focused on changes in prenatal care and 
vaccine willingness among the pregnant respondents. 
We calculated survey weights using distributions of age 
and race (non-Hispanic White, Hispanic, non-Hispanic 
Black, other) for individuals ages 18–54 reporting a preg-
nancy between 2010 and 2019 from the National Sur-
vey of Family Growth (NSFG) 2017–2019 [24]. Weights 
were applied in descriptive analyses of changes prenatal 
care and vaccine willingness to obtain parameters for a 
U.S. pregnant population. We described changes in pre-
natal care services, perceived quality of care, and birth 
plans as well as availability of resources, including overall 
numbers and weighted percentages (unweighted analy-
ses are specified). We conducted a multivariable logistic 
regression model to examine associations between vac-
cine willingness and participant characteristics among 
the pregnant women. We also presented reasons for 
not wanting to receive a COVID-19 vaccine and most 
trusted source of information about COVID-19 vaccines. 

Willingness to receive a COVID-19 vaccine was collapsed 
to combine willing and extremely willing responses and 
unwilling and extremely unwilling responses for most 
analyses.

To assess how pregnancy is associated with willing-
ness to receive COVID-19 vaccination, we matched 
the pregnant women to three non-pregnant women 
controls using propensity score matching. Propensity 
score matching was done in R (v 4.0.3) and R Studio (v 
1.2.5033) using the MatchIt package (v 4.1.0) [25]. Match-
ing was conducted after restricting the sample of com-
plete, eligible survey responses (n = 8481) to women of 
ages 18–54 (n = 2909). Nearest neighbor matching with 
a ratio of 3 non-pregnant controls to 1 pregnant woman 
was used. Variables matched on included age (18–24, 
25–34, 35–44, 45–54), race (non-Hispanic White, non-
Hispanic Black, Hispanic, other), education (high school 
or less, associate degree, some college, bachelor’s degree, 
graduate degree), income (<$20 k, $20-$39 k, $40-$69 k, 
$70-$99 k, $100-$149 k, $150 k+), health insurance (no, 
yes), chronic conditions (0, ≥1), and political affiliation 
(Republican, Democrat, independent, other). There were 
no significant differences between pregnant women and 
non-pregnant controls on matched variables. Among 
the 932 pregnant women and non-pregnant controls, 
we conducted multivariable conditional logistic regres-
sion models to examine associations between pregnancy 
status and willingness to receive a COVID-19 vaccine 
adjusted for participant characteristics. Statistical analy-
ses were conducted in Stata 16.1 (StataCorp, College Sta-
tion, Texas, USA).

Ethical approval and consent
This research was performed in accordance with the 
Declaration of Helsinki. Participants provided electronic 
consent to participate by responding to a question on 
the survey. The study received ethical approval from the 
Institutional Review Board at Johns Hopkins Bloomberg 
School of Public Health, Baltimore, USA (IRB00012413).

Results
The Johns Hopkins University National Pandemic Pulse 
survey was distributed to 10,107 respondents; com-
plete responses were obtained from 8481 participants 
(83.9%), of which 233 participants were pregnant. Sur-
vey respondents included 233 pregnant women (Table 1). 
Over one-third (n = 85, 36.5%) were ages 18–24, 41.2% 
(n = 96) 25–34, and 22.3% (n = 52) 35–55 (unweighted). 
Half were Hispanic (n = 116, 49.8%), 25.3% Non-Hispanic 
White (n = 59), and 18.9% Non-Hispanic Black (n = 44) 
(unweighted). Two-thirds were in their third trimester 
(n = 135, 68.5%), a quarter in the second (n = 48, 24.4%), 
and the remainder in the first (n = 14, 7.1%) (unweighted).
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Changes in prenatal care
Forty percent of pregnant women reported that the 
quality of care they received from their prenatal care 
providers worsened or remained the same during to 
the COVID-19 pandemic (n = 94, 40.3%); among these 
women, 12.8% (n = 28) said it was significantly worsened 
(Table 2). The majority, however, reported that the quality 
of care received from their providers was improved dur-
ing the pandemic compared to pre-pandemic (n = 126, 
59.8%). This question was unassociated with partici-
pant demographic and socioeconomic characteristics. 
The most commonly reported changes in prenatal care 
were change in the format of care (n = 84, 34.5%), fewer 
visits (n = 69, 23.8%), and change in provider (n = 56, 
21.9%); one-quarter of women (n = 47, 26.0%) reported 
no changes in care. Over half of women reported having 

Table 1  Characteristics of pregnant women

a Missing values: income (n = 4, 1.7%), lost job (n = 2, 0.9%), health insurance 
(n = 9, 3.9%), political affiliation (n = 12, 5.2%), trimester (n = 36, 15.5%)

Characteristica Unweighted No. (%) 
n = 233

Weighted %

Age
  18–24 85 (36.5) 26.6

  25–34 96 (41.2) 56.6

  35–54 52 (22.3) 16.8

Race
  Non-Hispanic white 59 (25.3) 53.0

  Non-Hispanic black 44 (18.9) 16.3

  Hispanic 116 (49.8) 21.2

  Other 14 (6.0) 9.6

Education
  High school or less 61 (26.2) 28.8

  Associate degree 37 (15.9) 13.1

  Some college 35 (15.0) 15.1

  Bachelor’s degree 57 (24.5) 24.9

  Graduate degree 43 (18.5) 18.0

Region
  Midwest 41 (17.6) 23.2

  Northeast 37 (15.9) 17.2

  South 94 (40.3) 37.3

  West 61 (26.2) 22.4

Income
   < 20 K 39 (17.0) 16.8

  20-39 K 58 (25.3) 25.0

  40-69 K 39 (17.0) 17.3

  70-99 K 40 (17.5) 16.4

  100-149 K 28 (12.2) 13.8

  150+ 25 (10.9) 10.6

Lost job or more than half income during pandemic
  No 119 (51.5) 55.0

  Yes 112 (48.5) 45.0

Health insurance
  No 42 (18.8) 17.1

  Yes 182 (81.2) 82.9

Chronic conditions
  0 132 (56.7) 61.9

   ≥ 1 101 (43.3) 38.1

Political affiliation
  Republican 66 (29.9) 35.5

  Democrat 105 (47.5) 39.1

  Independent or other 50 (22.6) 25.5

Trimester at survey
  1st (< 13 wks) 14 (7.1) 8.5

  2nd (≥13–26 wks) 48 (24.4) 29.8

  3rd (≥26 wks- < 45 wks) 135 (68.5) 61.7

Table 2  Changes in prenatal care and birth planning

a Missing values: perceived quality of care (n = 13, 5.6%), changes in birth plan 
(n = 8, 3.4%), emotional distress (n = 7, 3.0%)
b Multiple options allowed

Responsea No. (weighted %)

Perceived quality of care
  Sig. improved 51 (22.8)

  Somewhat improved 75 (37.0)

  Somewhat worsened, no change 66 (27.4)

  Sig. worsened 28 (12.8)

Change in prenatal careb

  Format of prenatal care 84 (34.5)

  Fewer prenatal visits 69 (23.8)

  Change in provider 56 (21.9)

  None of these 47 (26.0)

  Cancelled hospital tour 41 (19.2)

  Change to virtual visit 36 (15.6)

Prenatal resources availableb

  In-person visits 126 (59.5)

  Virtual visits 82 (36.6)

  Phone visits 76 (37.2)

  Online messaging 65 (30.6)

  Emergency care 47 (24.2)

  Home BP monitoring 36 (14.1)

  Home fetal heart rate monitoring 21 (9.4)

  Don’t know 7 (2.2)

Change in birth plan
  Home to hospital 22 (10.2)

  Hospital to home 45 (17.7)

  Vaginal to C-section 42 (16.5)

  Planned C-section changed 50 (19.0)

  No changes 66 (36.5)

Experienced emotional distress about pregnancy
  No or mild stress 85 (40.3)

  Moderate or severe stress 141 (59.7)
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access to in-person prenatal visits (n = 126, 59.5%) and 
about a third had access to virtual (n = 82, 36.6%) and 
telephone (audio-only) visits (n = 76, 37.2%). Many fewer 
had access to resources such as home care (e.g., blood 
pressure or fetal heart rate monitoring). Roughly two-
thirds of women reported a change in their birth plan 
related to the COVID-19 pandemic (n = 159, 63.5%). The 
most common reasons for changes to the birth plan were 
change in planned Cesarean delivery (C-section) (n = 50, 
19.0%), hospital to home birth (n = 45, 17.7%), and vagi-
nal delivery to C-section (n = 42, 16.5%).

Willingness of pregnant women to receive COVID‑19 
vaccination
Forty percent of pregnant women (n = 78, 39.8%) were 
unwilling to receive the COVID-19 vaccine (Table  3). 
Willingness to receive the COVID-19 vaccine was lower 
among women in their first trimester (n = 2/13, 4.6% 
(weighted)), compared to those in their second trimes-
ter (n = 24/45, 44.2%), or third trimester (n = 96/134, 
68.7%) (p < 0.001). In a logistic regression model 

including demographic variables for age, race, educa-
tion, income, insurance, chronic disease, region, and 
political affiliation, only region (Midwest vs. Northeast: 
aOR 0.10, 95% CI: 0.02, 0.48; South vs. Northeast: aOR 
0.13, 95% CI: 0.03, 0.58) and age (35–54 vs. 18–24: aOR 
3.99, 95% CI: 1.08, 14.72 were statistically significantly 
related to the outcome of willing vs. unwilling (Appen-
dix 1). Among pregnant women unwilling to receive the 
vaccine, leading reasons included concerns about safety 
(n = 40, 54.2%), effectiveness (n = 38, 50.1%), long term 
health concerns (n = 29, 43.7%), and conspiracy theo-
ries (n = 21, 36.3%).

Pregnant women’s most trusted sources of informa-
tion about vaccines were the CDC (n = 48, 25.6%), their 
primary care doctor (n = 60, 25.4%), and their family 
(n = 44, 17.7%). The fewest pregnant women responded 
that religious  groups (n = 2, 1.6%) or the federal gov-
ernment (n = 3, 1.4%) were their most trusted sources 
of information on vaccines. Those willing to receive a 
vaccine more often reported that their most trusted 
source of information about vaccines was their primary 
care provider (willing: 31.8% vs. unwilling: 17.0%), fam-
ily (willing: 19.6% vs. unwilling: 15.3%), or social media 
or news media (willing: 19.1% vs. unwilling: 14.9%), and 
less often reported the government (willing: 29.6% vs. 
unwilling: 52.9%) (p = 0.062).

Differences in vaccine willingness between pregnant 
and non‑pregnant women
A higher, but not statistically significant, proportion 
of pregnant women reported being willing to accept 
a COVID-19 vaccine in a bivariate comparison (preg-
nant: 65.8% vs. not-pregnant: 59.6% (p = 0.098). Rea-
sons for unwillingness to receive a vaccine did not differ 
between pregnant women and non-pregnant women 
(Fig.  1) (all p-values > 0.1). Pregnant vs. non-pregnant 
women reported trusted sources for vaccine informa-
tion, including family (19.8% vs. 13.0%, respectively), 
social media or news media (18.9% vs. 12.2%, respec-
tively), and the CDC (21.6% vs. 37.3%, respectively) 
(p < 0.001).

In multivariable analysis (Table  4), pregnant women 
were more likely than non-pregnant women ages 18–54 
to express willingness to receive the COVID-19 vacci-
nation, although this did not reach the p < 0.05 thresh-
old for statistical significance (p = 0.087) (aOR 1.38, 
95% CI: 0.95, 2.00). Independent of pregnancy, women 
with higher education (graduate degree vs. bachelor’s 
degree: aOR 2.07, CI: 1.06, 4.05) or income (≥$100,000 
vs. ≥$40- < $100,000: aOR 1.99, 95% CI: 1.12, 3.51) were 
more likely to accept vaccination.

Table 3  Willingness to receive COVID-19 vaccine and trusted 
sources of information

a Missing values: vaccine willingness (n = 5, 2.2%), info source (n = 11, 4.7%)
b Multiple options allowed

Responsea No. (weighted %)

Willingness to receive COVID-19 vaccine
  Extr. willing 70 (24.3)

  Willing 80 (35.9)

  Unwilling 47 (20.0)

  Extr. unwilling 31 (19.8)

Reasons unwilling to receive COVID-19 vaccineb

  Safety 40 (54.2)

  Effectiveness 38 (50.1)

  Long term health concern 29 (43.7)

  Conspiracy theory 21 (36.3)

  Do not want to be first 15 (22.7)

  Costs concerns 11 (12.8)

  Unnecessary 10 (16.7)

  Religious reasons 6 (7.1)

  Allergy 5 (6.9)

Most trusted source of information about vaccines
  CDC 48 (25.6)

  Religious groups 2 (1.6)

  Federal govt. 3 (1.4)

  State/local health dept. 23 (10.9)

  Social media 20 (9.1)

  News media 22 (8.2)

  Family 44 (17.7)

  Primary care doctor 60 (25.4)
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Discussion
The COVID-19 pandemic changed prenatal care and 
birth plans for many pregnant women in the United 
States in 2020. Our study found that most women expe-
rienced a change in their prenatal care or birth plans, 
especially from a planned hospital birth to a home birth 
or from a vaginal birth to a C-section. Almost half of par-
ticipants reported that their prenatal care was unaffected 
or worsened by the pandemic; however, most partici-
pants said that their care had improved during the pan-
demic, reasons for which are unclear. Our study results 
contribute to the limited evidence on COVID-19 related 
disruptions in prenatal care, particularly reduced in-per-
son visits and changes in formats [26, 27]. For example, a 
US online survey of 4451 pregnant women conducted in 
April to May, 2020, found that almost half (46%) had pre-
natal visits cancelled or rescheduled [28]. A global survey 
of maternal and newborn health professionals reported 
multiple changes in services across countries, including 
fewer in-person clinic visits, reduced number of visitors 
permitted, and limited access to educational sessions, 
which authors suggested could negatively affect quality of 
care [29]. Our study also found that many women experi-
enced changes in labor and delivery care, especially shifts 
from planned hospital to home birth or from vaginal to 
C-section delivery. Previous studies have reported differ-
ent findings about changes in the incidence of C-section, 
with some reporting no change [30], decreased rates 
[31, 32], and others slightly increased rates [33], despite 
no evidence for a change in the indication for C-section 

in the context of the COVID-19 pandemic [7, 34]. Such 
changes in access and quality of prenatal care and labor 
and delivery services are likely important contributors 
to emotional stress during pregnancy, a finding observed 
elsewhere due to the impact of COVID-19 and in the 
context of previous pandemics [35].

Many women were unwilling to receive the COVID-19 
vaccine, with higher rates of unwillingness among those 
in their first trimester, younger women, and women living 
in the Midwest and South. However, there was an indica-
tion that pregnant women may have been more willing to 
receive a vaccine than similar women who were not preg-
nant. The reasons for this are unknown, but this could 
perhaps be a result of recognition among the pregnant 
population of their increased risk of severe COVID-19 
disease and adverse pregnancy outcomes. Other studies 
have reported lower rates of vaccine acceptance among 
pregnant women compared to non-pregnant women, 
although few have been designed to investigate this ques-
tion specifically [20, 36]. For example, a survey of preg-
nant women and mothers of young children across 16 
countries in October and November 2020 found that 52% 
of pregnant women and 73% of non-pregnant women 
intended to receive the COVID-19 vaccine [20].

Safety is the most commonly reported concern about 
vaccines among pregnant women, and this issue was also 
the leading reason cited by women unwilling to receive 
the COVID-19 vaccine in our survey [37, 38]. A cross-
sectional study of three centers in the United States 
between August and December 2020 reported vaccine 

Fig. 1  COVID-19 vaccine willingness and reasons for unwillingness to receive the vaccine for pregnant women and non-pregnant matched 
controls. The percent of pregnant and non-pregnant women who reported that they were willing to receive the COVID-19 vaccine and the percent 
expressing each concern among those who were unwilling to receive the COVID-19 vaccine
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safety concerns for their pregnancy (82%) as the lead-
ing concern for COVID-19 vaccination among pregnant 
women, followed by concerns about their own health 
(68%), vaccine effectiveness (52%), and the belief that the 
vaccine was not needed (22%) [21]. Among this popula-
tion, the most trusted sources of COVID-19 information 
were also health professionals (obstetrician/gynecolo-
gist: 42%; family doctor or primary care doctor: 28%; fol-
lowed by the CDC: 13%) [21]. Pregnant women who were 

Non-Hispanic Black and Hispanic were less likely than 
women who were Non-Hispanic White to express will-
ingness to receive the COVID-19 vaccine [21]. This find-
ing has been reported in other US settings [36], although 
our study was not designed to address this research ques-
tion. Further research, policy, and programs efforts are 
needed to address these disparities, particularly given the 
context of higher risk of serious COVID-19 illness among 
racial and ethnic minorities and the history of mistreat-
ment and persistent structural racism in medicine and 
public health [39].

In many contexts, the strongest driver of maternal vac-
cine acceptance is the recommendation of a health care 
professional [37]. This is consistent with our finding that 
primary care providers and the CDC were among preg-
nant women’s most trusted sources of information. A 
systematic review and meta-analysis showed that other 
important drivers of vaccine uptake among pregnant 
women are vaccine-specific factors and disease-related 
risk perceptions, including the belief that the vaccine 
would benefit the mother and fetus and not cause harm 
[40]. Vaccine effectiveness and belief in conspiracy theo-
ries were also prominent reasons for unwillingness to 
receive the COVID-19 vaccine in our sample. The sys-
tematic review did not find clear evidence to link belief 
in susceptibility to pandemic or seasonal influenza and 
increased vaccine uptake; however, they found moder-
ate evidence that perceptions of severity of the pandemic 
and risk of hospitalization were associated with vaccina-
tion status [40].

The level of vaccine willingness among pregnant 
women reported in this study may change in context of 
the rapidly evolving pandemic, particularly because avail-
able COVID-19 vaccines have only been used in healthy 
adults for a short period of time relative to other mater-
nal vaccines. Further, although CDC, ACOG, and other 
health professions groups made early recommendations 
that pregnant and breastfeeding women have access to 
COVID-19 vaccines, the CDC’s recommendation in 
August 2021 that these women receive the vaccine could 
increase vaccine acceptance and uptake [19]. However, 
this is no guarantee and, in fact, newly issued recommen-
dations also have the potential to generate confusion and 
increase vaccine hesitancy and refusal if not communi-
cated appropriately [41].

Our study had several limitations. Selection bias 
associated with online surveys may underrepresent 
individuals who are older, without internet access, 
have lower income, and have less formal education; we 
attempted to account for this bias in part by weighting 
on age and race to a national population of pregnant 
women. Despite the large sample size of our full survey, 
the number of pregnant respondents was too small to 

Table 4  Multivariable logistic conditional regression models for 
willingness to receive COVID-19 vaccine for pregnant and non-
pregnant women

aOR Adjusted odds ratio

Characteristic aOR (95% CI) (n = 645)

Pregnant
  No Ref

  Yes 1.38 (0.95, 2.00)

Age
  18–24 Ref

  25–34 1.06 (0.68, 1.68)

  35–54 0.92 (0.41, 2.04)

Race
  Non-Hispanic White Ref

  Non-Hispanic Black 0.93 (0.47, 1.82)

  Hispanic 1.53 (0.72, 3.26)

  Other 0.82 (0.32, 2.14)

Education
  High school or less 0.78 (0.43, 1.40)

  Associate’s degree or some college 0.71 (0.42, 1.22)

  Bachelor’s degree Ref

  Graduate degree 2.07 (1.06, 4.05)
Household income
   < $40,000 0.94 (0.60, 1.47)

  $40,000–$99,999 Ref

   ≥ $100,000 1.99 (1.12, 3.51)
Health insurance
  No Ref

  Yes 1.43 (0.86, 2.40)

Chronic conditions
  0 Ref

   ≥ 1 1.40 (0.84, 2.34)

Region
  Midwest Ref

  Northeast 1.12 (0.59, 2.12)

  South 0.87 (0.50, 1.52)

  West 0.85 (0.45, 1.59)

Political party
  Republican Ref

  Democrat 1.55 (0.91, 2.63)

  Independent 0.87 (0.45, 1.69)
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rigorously examine our research questions stratified by 
race/ethnicity, income, and education. Our question-
naire was cross-sectional at a single time point and did 
not collect data on reasons for changes in prenatal care, 
emotional distress related to pregnancy, or acceptance 
of vaccination, constraining conclusions regarding the 
drivers of experiences faced by pregnant women in the 
context of the COVID-19 pandemic. Further, as this 
survey was designed to rapidly investigate research 
questions at multiple time points in the pandemic, we 
were not able to assess the validity or reliability of the 
instrument. Our study asked only about willingness to 
receive a COVID-19 vaccine but did not assess actual 
vaccination status because the survey was implemented 
before these vaccines were widely available to the 
public.

The study has direct implications for public health 
practice. To support pregnant women through the peri-
natal care continuum, maternity care teams, and pro-
fessional associations more broadly, should develop 
protocols to foster social support, patient-centered 
education around infection prevention that focuses on 
improved risk perception, expected changes in care due 
to COVID-19, and vaccine effectiveness and safety. In 
addition to research on clinical aspects of COVID-19 
in pregnancy, further study is needed to understand 
the impact of this pandemic on care quality including 
racial/ethnic disparities, development and testing of 
COVID-19 appropriate perinatal counselling, and eval-
uation of telehealth care models to improve perinatal 
care and support services.
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