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Abstract

Introduction Antepartum Tdap remains low despite national recommendations. This prospective observational study aims
to identify factors associated with lower antepartum Tdap rates.

Methods Maternal demographics, personal health beliefs, Tdap vaccination status, and recall of in-office obstetric provider
actions were collected from a convenience sample of postpartum women in a New York metropolitan hospital. Bivariate and
multivariable logistic regression were used to identify significant factors and adjusted odds ratios (OR) for recorded Tdap;
OR > 1 reflects elements with increased odds of not receiving antepartum Tdap, while OR < 1 demonstrates increased odds
of receipt.

Results Surveys were collected (n=1682) from a study population demographically similar to New York City and more
diverse in race/ethnicity than the national population. Demographic analysis showed Hispanic women less likely than white,
non-Hispanic women to vaccinate (OR 2.44, CI 1.54-3.88). Health beliefs associated with non-receipt of antepartum Tdap
included “It is dangerous for pregnant women to get vaccines” (OR 1.68, CI 1.01-2.77), and “I worry about the safety of
the Tdap vaccine” (OR 1.59, CI 1.12-2.24). Obstetric provider actions associated with vaccination included receiving an
OB recommendation (OR 0.39, CI 0.23-0.65), getting written information about Tdap (OR 0.44, CI 0.30-0.64), and having
Tdap offered in office (OR 0.24, CI 0.15-0.37). Health beliefs associated with antepartum Tdap included “I generally do
what my OB/GYN provider recommends” (OR 0.49, CI 0.30-0.80), and “Pregnant women should get the Tdap (pertussis)
vaccine” (OR 0.17, C1 0.09-0.33).

Discussion Maternal race/ethnicity, personal health beliefs, and obstetric provider actions predict antepartum Tdap.

Keywords Tdap - Vaccine - Pregnancy - Pertussis

Significance

National antepartum Tdap rates remain low. While the
public’s attention has shifted to coronavirus disease 2019
(COVID-19), the protective value of antepartum Tdap
vaccine should not be overlooked. This prospective,
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cross-sectional study documents that maternal ethnicity
and specific health beliefs around pertussis vaccine safety
during pregnancy influence antepartum Tdap acceptance.
The Health Belief Model is uniquely applied to antepartum
Tdap uptake in a diverse population often underrepresented
in the literature. We also reinforce the overall importance
of obstetric provider recommendation and offering of Tdap
vaccine in the office to help promote a pregnant woman’s
decision to accept antepartum Tdap.

Introduction

Infants under one year of age have the highest incidence
and experience the greatest risk of complications, hospi-
talization, and death from pertussis. In 2006, the US Advi-
sory Committee on Immunization Practices (ACIP) recom-
mended that postpartum women and household members
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receive the Tdap vaccine to create a layer of protection
around the infant (Kretsinger et al., 2006). Despite these
recommendations, pertussis incidence continued to rise,
peaking in 2012 with over 40,000 cases and high mortality
in infants under 11 months (Wiley et al., 2013; Bisgard et al.,
2004; Wendelboe et al., 2007).

Since 2012, the CDC and American College of Obstetri-
cians and Gynecologists have recommended Tdap vaccina-
tion for pregnant women between 27 and 36 weeks gestation
for transplacental maternal antibody transfer to the fetus and
postpartum protection for the pregnant woman (Havers et al.,
2020, Skoff et al., 2017, Perrett et al., 2019, Fernandes et al.,
2019). Prior to 2012, 9.7% of women were vaccinated during
pregnancy (Ahluwalia et al., 2015). Subsequently, antepar-
tum Tdap increased to 27% in 2014 but remained low at only
54.4% in 2018 (Kahn et al., 2018).

Prior studies have shown that rates of vaccination vary
by individuals’ beliefs about vaccines, healthcare, provider
actions, and demographic factors, specifically race, socioec-
onomic status, language, and insurance status (Wong et al.,
2015, Housey et al., 2014, Goldfarb et al., 2014, Ahluwalia
et al., 2014, Wales et al., 2019, Dorivelu et al., 2019, Zhou
et al., 2019, O’Leary et al., 2015, Kriss et al., 2019). Many
studies point to provider action as the most important predic-
tor of Tdap vaccination uptake (Kriss et al., 2019; Lindley
etal., 2019; Lutz et al., 2018; Psarris et al., 2019; Strassburg
et al., 2018).

Our prospective observational study aims to increase
the understanding of key factors associated with both Tdap
acceptance and hesitancy in a majority non-white population
that is often underrepresented in the literature. Our hypoth-
esis was that certain maternal health beliefs about vaccines
and particular provider actions in the office would be asso-
ciated with varied rates of antepartum Tdap vaccine uptake
in specific sub-populations with greater vaccine hesitancy.

Materials and Methods
Study Population

A survey was completed by a convenience sample of post-
partum women, 18 years and older, in a large New York
metropolitan birth hospital on weekdays between March and
August 2017. The survey gathered patients’ demographic
information, personal health beliefs, and recall of obstetric
provider actions in the office. All patients’ Tdap vaccina-
tion status was abstracted from the electronic medical record
(i.e., obstetric profile), which contained information either
directly from the obstetricians’ office records or the patients’
hospital records. These data were categorized as received
Tdap during this pregnancy, did not receive Tdap during
this pregnancy, and unable to assess. A patient was listed as
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“unable to assess” if the obstetric profile did not include the
vaccination status.

Although all eligible postpartum women were
approached, some did not receive the survey due to patient’s
lack of availability, provider presence in the patient’s room
at the time, or language barriers (surveys were only available
in English and Spanish). An information sheet that explained
the purpose of the study was given to each participant along
with the survey; a verbal explanation of the survey and its
voluntary and anonymous nature were provided.

Surveys were color-coded based on the obstetric profile
documentation of vaccine status in the electronic medical
record, which allowed the research team to maintain par-
ticipant anonymity while retaining obstetric Tdap vaccina-
tion status for analysis. The Feinstein Institute for Medical
Research at Northwell Health exempted this study from
Institutional Review Board review.

Measures

We adapted published questionnaires, not previously vali-
dated, on factors associated with Tdap vaccine uptake in
developing our survey (Dempsey et al., 2016; O’Leary
et al., 2015). The survey included four questions about par-
ticipants’ perceptions of vaccine safety in general and about
their relationship with their OB/GYN provider using a Likert
scale (see Table 4). After a brief description of pertussis
and Tdap vaccination, the survey included questions about
whether participants were offered written materials, a pro-
vider recommendation, or a vaccine by their OB/GYN office
(see Table 5). Questions based on the Health Belief Model
were used to explore factors that may have influenced the
participant’s decision regarding the Tdap vaccine (Becker,
1974). These 15 questions (see Table 4) included 4-point
Likert scale statements addressing the 6 domains of the
Health Belief Model: perceived benefits of vaccination, per-
ceived severity of pertussis, perceived barriers to Tdap vac-
cination, perceived susceptibility to pertussis, social norms
regarding Tdap vaccination, and self-efficacy (Becker, 1974;
Dempsey et al., 2016; O’Leary et al., 2015). Our analyses
only included individual questions and responses rather than
by domain from the Health Belief Model, as provided in
Tables 1, 4 and 5, respectively. Demographic information
included history of prenatal care, parity, maternal care pro-
vider type, insurance type, age, number of individuals living
in household, household income, education, and race/ethnic-
ity. These data were collected to explore them as factors for
choosing to be vaccinated with Tdap.

Statistical Analysis

We calculated that 1700 surveys would provide at least 80%
power to detect effect sizes (ES) for continuous predictors
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Table 1 Demographic characteristics of study participants. N=1,571

Characteristic N (%)
Race/Ethnicity

White non-Hispanic 544 (36.4%)

Black non-Hispanic 274 (18.3%)

Asian non-Hispanic 265 (17.7%)

Hispanic 282 (18.9%)

All other non-Hispanic 131 (8.8%)
Age group (years)

18-24 159 (10.7%)

25-34 886 (59.8%)

>35 437 (29.5%)
Received prenatal care during first trimester

Yes 1430 (93.5%)

No 100 (6.5%)
Primiparous

Yes 622 (40.5%)

No 913 (59.5%)
Educational level

High School diploma or equivalent or less 190 (12.5%)

Associate or bachelor degree 868 (57.2%)

More than bachelor degree 459 (30.3%)

Health insurance type

Any private 1020 (69.1%)

Public, no private 456 (30.9%)
Household income

<$25,000 122 (10.3%)

$25,000-$49,999
$50,000-$74,999
$75,000-$149,999

212 (17.8%)
180 (15.2%)
401 (33.8%)

$150,000 or more 273 (23.0%)
Survey language

English 1557 (99.1%)

Spanish 14 (0.9%)

(differences between vaccinated and unvaccinated par-
ticipants divided by the standard deviation of this differ-
ence) >0.10 for vaccination rates > 40%. If the proportion
of participants who were vaccinated was less (e.g., 30%
or 35%), then this sample size would provide at least 80%
power for ES >0.25. For dichotomous outcomes, this sam-
ple size provides at least 95% power to detect differences
between vaccinated and unvaccinated subjects > 10% (EAST
v6, Cytel Inc.).

To assess generalizability, demographics of the study
population were compared with the hospital’s overall mater-
nal population during the enrollment period, as well as New
York City (NYC) and national maternal populations using
descriptive statistics.

Bivariate logistic models were used to explore the rela-
tionships between individual survey questions (maternal

demographic characteristics, four general questions, 15
questions associated with the Health Belief Model, and four
questions on provider actions) and antepartum receipt of the
Tdap vaccine according to the obstetric profile. Individual
questions and responses are provided in Tables 1, 4 and 5,
respectively. A multivariable model was developed, start-
ing with statistically significant (p <0.10) factors from the
bivariate analyses. Factors were eliminated until all were
statistically significant at the p <0.05 level. Race/ethnicity
and insurance were included in the final model even if they
were not statistically significant because of their theoretical
importance in explaining Tdap vaccination receipt. Since
our primary objective was to identify factors associated with
non-receipt of antepartum Tdap vaccination, adjusted odds
ratios (OR) > 1 reflect elements associated with increased
odds of not receiving antepartum Tdap, while OR < 1 dem-
onstrate decreased odds of non-receipt (i.e., more likely
to receive antepartum Tdap vaccine). Responses to cer-
tain demographic characteristic questions were collapsed
for analysis to aid in interpretability. Survey language and
household size were not included in the analysis due to small
numbers and ambiguous survey wording. Respondents with
“unable to assess” vaccination status in the Electronic Medi-
cal Record (EMR) were excluded in the analysis. Any miss-
ing data for certain questions were excluded from analysis.
To assess the impact of missing or undocumented Tdap
vaccination status, we compared demographics between rel-
evant groups with and without data using two-sample t and
Chi-square tests (SAS 9.4, Carey, NC). Preliminary results
were presented at the 2018 Pediatric Academic Societies
meetings in Toronto. Additional analyses were conducted
for drafting the manuscript over the ensuing years with sub-
sequent delay due to the COVID-19 pandemic.

Results

Figure 1 describes the 3435 patients who delivered dur-
ing the study period (March 16—-August 4, 2017); 682 were
excluded because they delivered on days research staff were
unavailable, they had been part of the pilot study, or they
were of a young age. Among the remaining eligible patients
(n=2753; 80.1%), 1071 were not included for the follow-
ing reasons: they declined study participation, they were
not able to be given the survey, or their surveys were not
returned. Of the remaining 1682 surveys collected (61.1%
overall response rate), Tdap status could not be assessed in
the electronic medical record for 111 patients, leaving 1571
for complete analysis.

The study group is a diverse population demographically
(Table 1), similar to the overall maternity population in the
hospital during our data collection period and that of New
York City, but more diverse than the national population
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Total number of individuals who delivered
March 16—August 4, 2017:
n= 3,435

Excluded:
Individuals who delivered on days when research

¥

staff was unavailable or during pilot study period, or
were ineligible due to age
n=682

¥

Eligible individuals:
n= 2,753

Excluded:
Individuals who declined, survey was not given, or

L

survey was not collected
n=1,071

Responses collected:
n= 1,682

Excluded:

h

n=111

Tdap status available in EMR
N=1,571

Fig. 1 Flow diagram of the study population. Breakdown of study population showing the number of participants, eligible population, and a
description of the exclusion criteria. The number of participants is further divided according to the assessment of their EMR obstetric profile

in regard to race/ethnicity. The percentage of women for
whom this was their first pregnancy was also similar to NYC
and nationwide statistics. The age and insurance type of the
patients in this study population were similar to the hospital
population, but differed from the NYC and national popula-
tions as a higher percentage had older age, private insurance,
higher education, and higher income (data not shown).

The obstetric profile in the electronic medical record
revealed 43.8% (n="736) of respondents received the Tdap
vaccination during their current pregnancy, 49.6% (n=_835)
did not, and the Tdap vaccination status of 6.6% (n=111)
was unable to be assessed. There were no statistically sig-
nificant demographic characteristics of the study popula-
tion compared with the “unable to assess” group which was
excluded from the analysis population.

While type of health insurance, self-identified race/
ethnicity, total yearly household income, and patient age
were significant correlates of vaccination status (p <0.05)
in the bivariate model (Table 2), only self-identified race/
ethnicity remained significant in the multivariable model
(Fig. 2 and Table 3). Hispanic patients were less likely to
receive the vaccine compared with the non-Hispanic groups.
When compared with white, non-Hispanic respondents,
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self-identified Hispanic mothers had more than two times
the odds of not being vaccinated.

In the bivariate model, many of the health beliefs were
significantly associated with whether or not a patient
received the Tdap vaccine (Table 4), but only a few remained
significant (p <0.05) in the multivariable model (Fig. 2 and
Table 3). While controlling for all covariates in the model,
there were four health beliefs that remained significantly
associated with vaccination status. If a participant agreed
that “it is dangerous for pregnant women to get vaccines” or
agreed that they “worry about the safety of the Tdap (per-
tussis) vaccine,” they had approximately 50 percent higher
odds of not being vaccinated. Participants who “generally
do what my OB/GYN provider recommends” were twice as
likely to be vaccinated, while participants who agreed that
“Pregnant women should get the Tdap (pertussis) vaccine”
were almost 6 times more likely to be vaccinated compared
with those who disagreed with this statement.

In the multivariable model, there were several factors
associated with particular office-based obstetric provider
actions that remained statistically significant while con-
trolling for the remaining factors. Recall of their pro-
vider recommending the Tdap vaccine, receiving written
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Table2 Bivariate anglysis of Characteristic Vaccinated Not vaccinated ~ Unadjusted OR?® for not  p-value*
maternal demographics and N=736n(%) N=835n(%)  vaccinated (95% CI)
receipt of antepartum Tdap
vaccine Race/Ethnicity 0.0003
White non-Hispanic 266 (48.9%) 278 (51.1%) -
Black non-Hispanic 118 (43.1%) 156 (56.9%) 1.26 (0.94-1.69)
Asian non-Hispanic 152 (57.4%) 113 (42.6%) 0.71 (0.53-0.96)
Hispanic 112 (39.7%) 170 (60.3%) 1.45 (1.08-1.94)
All other non-Hispanic 55 (42.0%) 76 (58.0%) 1.32 (0.90-1.94)
Age group (years) 0.0077
18-24 58 (36.5%) 101 (63.5%) -
25-34 441 (49.8%) 445 (50.2%) 0.58 (0.41-0.82)
>35 202 (46.2%) 235 (53.8%) 0.67 (0.46-0.97)
Received prenatal care during first trimester 0.14
Yes 681 (47.6%) 749 (52.4%) 0.73 (0.48-1.11)
No 40 (40.0%) 60 (60.0%) -
Primiparous 0.12
Yes 308 (49.5%) 314 (50.5%) 0.85 (0.69-1.04)
No 415 (45.4%) 498 (54.6%) -
Educational level 0.02
High School diploma or 93 (49.0%) 97 (51.0%) -
equivalent or less
Associate or bachelor degree 382 (44.0%) 486 (56.0%) 1.22 (0.89-1.67)
More than bachelor degree 239 (52.1%) 220 (47.9%) 0.88 (0.63-1.24)
Health insurance type <0.0001
Any private 57 (50.7%) 503 (49.3%) -
Public, no private 177 (38.8%) 279 (61.2%) 1.62 (1.29-2.03)
Household income <0.0001
<$25,000 42 (34.4%) 80 (65.6%) -
$25,000-$49,999 83 (39.2%) 129 (60.8%) 0.82 (0.51-1.30)
$50,000-$74,999 72 (40.0%) 108 (60.0%) 0.79 (0.49-1.27)
$75,000-$149,999 209 (52.1%) 192 (47.9%) 0.48 (0.32-0.74)
$150,000 or more 151 (55.3%) 122 (44.7%) 0.42 (0.27-0.66)
Survey language 0.41
English 731 (47.0%) 826 (53.0%) -
Spanish 5(35.7%) 9 (64.3%) 1.59 (0.53-4.78)

“p-value is based on Wald Chi-square test from logistic regression

*Unadjusted odds ratio (OR) > 1 reflects elements associated with increased odds of not receiving antepar-
tum Tdap, while OR <1 demonstrates decreased odds of non-receipt (i.e., more likely to receive antepar-

tum Tdap vaccine)

materials on its importance from the OB/GYN office, and
offering to give it in the office were significant in both
the bivariate (Table 5) and multivariable models (Fig. 2
and Table 3). While controlling for all other covariates,
participants whose OB recommended the vaccine had 2.5
times the odds of being vaccinated compared with those
who did not receive a recommendation. If the OB offered
to give the vaccine in the office, participants had four times
the odds of being vaccinated compared with those who
were not offered the vaccine in the office. Participants who
recalled receiving written Tdap information had twice the

odds of being vaccinated compared with those who did not
recall receiving written information.

Discussion

This study identified potential barriers to receiving antepar-
tum Tdap vaccine and predictors that increased compliance
with Centers for Disease Control and Prevention (CDC)
and American College of Obstetricians and Gynecologists
(ACOG) guidelines for antepartum Tdap administration
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Odds Ratio (95% Cl)
Race/ethnicity: Black, non-Hispanic (referent: White) 1.74 (1.07 - 2.83)
Race/ethnicity: Asian (referent: White) 0:8510:59-4:85)
T ) p———] 2.44 (1.54 - 3.88)
Race/ethnicity: Hispanic (referent: White)
|_._| 0.8 (0.41 - 1.54)
Race/ethnicity: Other (referent: White)
o 1.42 (0.96 - 2.12)
«w  Insurance type: Public (referent: Any private)
° 1.68 (1.05 - 2.77)
- 3 A |—o—i
G Itis dangerous for pregnant women to get vaccines.
B 0.49 (0.3 - 0.8)
& | generally do what my OB/GYN provider recommends.
0.17 (0.09 - 0.33)
Pregnant women should get the Tdap (pertussis) vaccine.
'_._| 1.59 (1.12 - 2.24)
| worry about the safety of the Tdap (pertussis) vaccine.
OB/GYN office recommended Tdap vaccine during THIS pregnancy. 0.39 (0:23--.0.65)
My OB/GYN offered Tdap vaccine in their office. 0.24(0.15-0.37)
| received written information on Tdap in my OB/GYN office. 0.44(0.3-0.64)
0.1 Tdap more likely 10 Tdap less likely 100
Fig.2 Forest plot of multivariable odds ratios for being elements associated with increased odds of not receiving antepartum

vaccinated.*Odds ratios of factors significantly associated with
receipt/non-receipt of antepartum Tdap vaccination as listed in the
multivariable analysis (Table 3)*Adjusted odds ratio (OR) > 1 reflects

(Havers et al., 2020). In the multivariable analysis, the only
demographic information that remained statistically signifi-
cant was race/ethnicity. Since Hispanic participants and non-
Hispanic Black participants had significantly lower rates of
Tdap vaccination, further research should be conducted to
identify any obstacles, perhaps language or cultural, that can
be addressed to reach these vulnerable groups.

Several health beliefs were statistically significant in
increasing antepartum Tdap receipt, including women doing
what their OB/GYN providers recommend and the belief that
women should get Tdap vaccine during pregnancy. Partici-
pants who worry about the safety of the vaccine and who
believe it is dangerous for pregnant women to get vaccines
were significantly less likely to accept antepartum Tdap. In
addition to addressing the importance of antepartum Tdap
vaccination with pregnant women, physicians should also
address the safety of all vaccines, especially with women who
express reluctance to receive Tdap. This includes pediatri-
cians who can reinforce the importance of antepartum Tdap
to the many pregnant women often seen in their offices. Since
the information given to patients on maternal vaccination is
often affected by personal perceptions, it is essential to edu-
cate all healthcare professionals on current guidelines; ante-
natal care providers must make an additional effort to keep in
line with current guidelines (Lumbreras Areta et al., 2022).

Our results emphasize the importance of OB influence
on a pregnant woman’s decision to accept antepartum Tdap.
Women were more likely to have received the Tdap vaccine
antepartum if their provider recommended it, they received
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Tdap, while OR < 1 demonstrates decreased odds of non-receipt (i.e.,
more likely to receive antepartum Tdap vaccine).

written information about it, and the vaccine was available in
the office. Prior studies have shown similar results with both
influenza and Tdap vaccines during pregnancy (Wong et al.,
2015, Housey et al., 2014, Goldfarb et al., 2014, Ahluwalia
et al., 2014, Wales et al., 2019, Dorivelu et al., 2019, Zhou
et al., 2019, O’Leary et al., 2015, Kriss et al., 2019, Strass-
burg et al., 2018, Psarris et al., 2019, Lutz et al., 2018, Kriss
et al., 2019, Lindley et al., 2019).

There are several strengths to this study, particularly the
large sample size and diverse population because of their
theoretical importance in health seeking behaviors. In addi-
tion, our survey was adapted from the Health Belief Model,
while elements of the Health Belief Model had been used to
ask about antepartum vaccinations previously (Becker, 1974;
Dempsey et al., 2016; O’Leary et al., 2015), the novelty of
this study is further enhanced as it is one of the first to apply
the Health Belief Model specifically to Tdap. The analysis
uses vaccination status from the medical record, which some
consider more accurate than patient self-report, although a
high level of concordance between the electronic medical
record and self-report has recently been shown (Song et al.,
2021). Our mixed methods approach of utilizing survey
responses to complement vaccination data collected from
the EMR offered a unique opportunity to develop a compre-
hensive picture of the antepartum Tdap landscape.

Our study also has limitations. Although researchers knew
a patient’s vaccination status from the obstetric profile in the
electronic medical record before administering the survey,
an analysis of potential bias done on a portion of the study
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Table 3 Multivariable analysis of maternal predictors of not receiving antepartum Tdap vaccination
Characteristic Adjusted OR?® for not p-value*
being vaccinated (95%
CI)
Race/Ethnicity 0.0001
‘White non-Hispanic N
Black non-Hispanic 1.74 (1.07-2.83)
Asian non-Hispanic 0.85 (0.53-1.35)
Hispanic 2.44 (1.54-3.88)
All other non-Hispanic 0.80 (0.41-1.54)
Health insurance type 0.08
Any private -
Public, no private 1.42 (0.96-2.12)
Did anyone at your OB/GYN office recommend you receive the Tdap vaccine DURING this most recent pregnancy? 0.0003
No -
Yes 0.39 (0.23-0.65)
Did your OB/GYN offer to give you the vaccine in their office? <0.0001
No -
Yes 0.24 (0.15-0.37)
Did you receive any written materials in your OB/GYN office describing the importance of the Tdap vaccine during your pregnancy? <0.0001
No -
Yes 0.44 (0.30-0.64)
It is dangerous for pregnant women to get vaccines 0.045
Disagree -
Agree 1.68 (1.01-2.77)
I generally do what my OB/GYN provider recommends 0.005
Disagree -
Agree 0.49 (0.30-0.80)
Pregnant women should get the Tdap (pertussis) vaccine <0.0001
Disagree -
Agree 0.17 (0.09-0.33)
I worry about the safety of the Tdap (pertussis) vaccine 0.009
Disagree -
Agree 1.59 (1.12-2.24)

Dashed boxes are referent values

“p-value is based on Wald Chi-square test from logistic regression

*Adjusted odds ratio (OR)> 1 reflects elements associated with increased odds of not receiving antepartum Tdap, while OR < 1 demonstrates
decreased odds of non-receipt (i.e., more likely to receive antepartum Tdap vaccine)

population (i.e., 40%) shows there was no significant respond-
ent bias in which patients were given the survey. There was a
significant difference in vaccination status between the popu-
lation that took the survey and those who either declined to
take or did not complete it. However, respondent bias would
theoretically suggest the percentage of patients who received
Tdap in this sample is likely higher than that of the general
population in the hospital. Thus, patients who received Tdap
are likely overrepresented in the sample, which we believe
results in an underestimation of effects from the bivariate
and multivariable analyses. For example, individuals who
view vaccination favorably might have been more likely to
be vaccinated and willing to take the survey.

Another potential limitation is that participants who
spoke languages other than English and Spanish were
excluded. Social desirability bias, which may have had an
effect on how patients responded, is an additional limita-
tion. Lastly, the survey relies on the self-report of participant
interactions with their OB/GYN, but not from the obstetric
providers’ recall or as documented in the medical record.
Previous studies have shown that while self-report on vac-
cine uptake is reliable, it is not perfect, so it is reasonable to
conclude that some participants may not fully remember this
interaction with their OB/GYN as it occurred (Song et al.,
2021; LeardMann et al., 2007).
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Table 4 Bivariate analysis
of maternal health beliefs
influencing her decision to
receive antepartum Tdap
vaccine

@ Springer

Characteristic Vaccinated N=736 Not vaccinated Unadjusted OR? for not vac-
n (%) N=835n (%) cinated (95% CI)

p-value*

General questions about participants’ perceptions of vaccine safety
I worry about the safety of vaccine IN GENERAL

Disagree 403 (54.9%) 331 (45.1%)

Agree 318 (39.5%) 487 (60.5%) 1.86 (1.52-2.28)
It is dangerous for pregnant women to get vaccines

Disagree 632 (50.9%) 609 (49.1%) -

Agree 89 (30.1%) 207 (69.9%) 2.41 (1.84-3.17)
I feel confident asking my OB/GYN provider about vaccines

Disagree 62 (35.0%) 115 (65.0%) -

Agree 665 (48.5%) 705 (51.5%) 0.57 (0.41-0.79)
I generally do what my OB/GYN provider recommends

Disagree 71 (28.5%) 178 (71.5%) -

Agree 653 (50.4%) 664 (49.6%) 0.39 (0.9-0.53)

Questions based on health belief model
I worry that I could give pertussis to my baby

Disagree 212 (39.3%) 327 (60.7%) -

Agree 488 (52.2%) 446 (47.8%) 0.59 (0.48-0.74)
Pregnant women should be concerned about the possibility of pertussis in their babies

Disagree 45 (32.6%) 93 (67.4%)

Agree 658 (49.3%) 676 (50.7%) 0.50 (0.34-0.72)
The Tdap (pertussis) vaccine is a good way to protect the health of newborn babies

Disagree 21 (18.4%) 93 (81.6%)

Agree 685 (50.5%) 671 (49.5%) 0.22 (0.14-0.36)
My family would probably think getting a Tdap (pertussis) vaccine is a good idea

Disagree 48 (23.6%) 155 (76.4%) -

Agree 653 (51.3%) 619 (48.7%) 0.29 (0.21- 0.41)

I felt that I had enough information about the Tdap (pertussis) vaccine to decide about receiving
it

Disagree 55 (18.6%) 240 (81.4%) -

Agree 649 (54.9%) 533 (45.1%) 0.19 (0.14-0.26)
Pregnant women should get the Tdap (pertussis) vaccine

Disagree 36 (15.2%) 201 (84.8%) -

Agree 664 (54.2%) 560 (45.8%) 0.15 (0.10-0.22)

Getting myself vaccinated with the Tdap (pertussis) vaccine will help keep my baby from get-
ting pertussis

Disagree 27 (15.2%) 150 (84.8%) -

Agree 677 (52.7%) 607 (47.3%) 0.16 (0.11-0.25)
I worry about the safety of the Tdap (pertussis) vaccine

Disagree 424 (47.1%) 319 (42.9%) -

Agree 279 (38.6%) 444 (61.4%) 2.12 (1.72-2.61)
I worry that getting the Tdap (pertussis) vaccine will not protect my baby from getting pertussis

Disagree 528 (53.3%) 463 (46.7%) -

Agree 173 (37.5%) 288 (62.5%) 1.90 (1.51-2.38)
It would be really bad if my baby got pertussis

Disagree 40 (41.7%) 56 (58.3%) -

Agree 650 (47.8%) 709 (52.2%) 0.78 (0.51-1.18)
My friends would probably think getting a Tdap (pertussis) vaccine is a good idea

Disagree 66 (31.3%) 145 (68.7%) -

Agree 631 (50.6%) 615 (49.4%) 0.44 (0.32-0.61)

It would be really bad if I got pertussis DURING my pregnancy

<0.0001

<0.0001

0.0008

<0.0001

<0.0001

0.0002

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.24

<0.0001

0.37
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Table 4 (continued)

Characteristic Vaccinated N=736 Not vaccinated

Unadjusted OR?® for not vac-  p-value*

n (%) N=835n (%) cinated (95% CI)
Disagree 93 (44.7%) 115 (55.3%) -
Agree 605 (48.1%) 653 (51.9%) 0.87 (0.65-1.17)
Getting myself vaccinated with the Tdap (pertussis) vaccine will help keep me from getting <0.0001
pertussis
Disagree 28 (20.0%) 112 (80.0%) -
Agree 664 (50.5%) 650 (49.5%) 0.24 (0.16-0.38)
I worry that someone besides me will give my baby pertussis 0.92
Disagree 186 (47.6%) 205 (52.4%) -
Agree 512 (47.8%) 558 (52.2%) 0.99 (0.78-1.25)
It would be really bad if I got pertussis soon AFTER my pregnancy 0.09
Disagree 59 (40.7%) 86 (59.3%) -
Agree 637 (48.2%) 684 (51.8%) 0.74 (0.52-1.04)

Dashed boxes are referent values
“p-value is based on Wald Chi-square test from logistic regression

*Unadjusted odds ratio (OR)> 1 reflects elements associated with increased odds of not receiving antepar-
tum Tdap, while OR < 1 demonstrates decreased odds of non-receipt (i.e., more likely to receive antepar-

tum Tdap vaccine)

Table 5 Bivariate analysis of
maternal recall of obstetric
provider actions and receipt of

Characteristic

Vaccinated
N=736n (%)

Not vaccinated
N=835n (%)

Unadjusted OR* for not vac- p-value**
cinated (95% CI)

antepartum Tdap vaccine Did anyone at your OB/GYN office recommend you receive the Tdap vaccine DURING this <0.0001

most recent pregnancy?
No 66 (13.6%) 420 (86.4%) -
Yes 662 (62.5%) 397 (37.5%) 0.09 (0.07-0.13)

Did your OB/GYN offer to give you the vaccine in their office? <0.0001
No 120 (19.0%) 510 (81.0%) -
Yes 610 (67.3%) 296 (32.7%) 0.11 (0.09-0.15)

Were you referred to a different location (e.g., Pharmacy, Health Clinic, etc.) to receive the 0.14
Tdap vaccine?
No 626 (47.9%) 682 (52.1%) -
Yes 98 (42.6%) 132 (57.4%) 1.24 (0.93-1.64)

Did you receive any written materials in your OB/GYN office describing the importance of <0.0001

the Tdap vaccine during your pregnancy?

No 183 (25.4%)
Yes 542 (66.2%)

536 (74.6%)
77 (33.8%)

0.17 (0.14-0.22)

Dashed boxes are referent values

“Unadjusted odds ratio (OR)> 1 reflects elements associated with increased odds of not receiving antepar-
tum Tdap, while OR < 1 demonstrates decreased odds of non-receipt (i.e., more likely to receive antepar-
tum Tdap vaccine)

**p-value is based on Wald Chi-square test from logistic regression

Given the suboptimal Tdap vaccine uptake and the impor-
tance of antepartum Tdap vaccination in protecting women
during pregnancy and in the postpartum period, as well as
protection for their neonate, it is vital to understand how best to
improve antepartum Tdap vaccination rates. While the public’s
attention has shifted to COVID-19 (Paguio et al., 2020), the
protective value of the Tdap vaccine should not be overlooked.
There is a gap in research looking at the impact of COVID-19

on antepartum Tdap rates; a survey conducted by the CDC
found that only 55% of the women surveyed had received
antepartum Tdap pre-pandemic in 2018 (Lindley et al., 2019).
With the notable impact of COVID-19 on childhood vaccina-
tions it is more important than ever to ensure that all pregnant
women are receiving the antepartum Tdap vaccine with each
pregnancy so that infants are protected from pertussis infection
(Bramer et al., 2020; Rowe, et al., 2021; Santoli et al., 2020).
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Our study of a diverse population documents that partici-
pants’ race/ethnicity, personal health beliefs, and obstetric
provider actions predict antepartum Tdap vaccination. Obste-
tricians should recommend Tdap during each pregnancy,
administer it on-site, and provide written information about
Tdap vaccine to increase uptake of antepartum Tdap. Pediatri-
cians, other child health professionals, and obstetricians alike
should also emphasize Tdap vaccine safety, especially during
pregnancy, in encouraging antepartum Tdap vaccination.

Increasing antepartum Tdap vaccination rates can pre-
vent notable morbidity and mortality in pregnant women and
young infants and improve compliance with national recom-
mendations. Quality improvement methodology, including
implementing standing orders for Tdap vaccination and estab-
lishing systems for proper vaccine inventory, can be used to
significantly help increase antepartum and postpartum Tdap
vaccine administration rates (Bernstein et al., 2017; Jina et al.,
2019). Patient counseling by obstetricians during prenatal
visits has also been included as a component of successful
QI efforts (Jina et al., 2019). Further study of how obstetric
providers can target specific patient characteristics and health
beliefs in promoting receipt of antepartum Tdap vaccination
is necessary, given that racial and ethnic disparities in Tdap
access and uptake have the potential to put already vulnerable
infants and pregnant women at increased risk of pertussis.
Research also is warranted to clarify the understanding of
those obstetric providers who might be uncomfortable with
offering their patients antepartum Tdap during each preg-
nancy, and of patients who decline antepartum Tdap.
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