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Abstract
Objectives  We evaluated differences in vaccination rates of patients of teaching and private practices, and explored the rate 
of vaccine hesitancy in pregnant women.
Methods  This was a cross-sectional study of a convenience sample of recently delivered women. Women completed a 
survey, which included a question about whether they received the influenza and/or Tdap vaccine, and a vaccine hesitancy 
scale for both influenza and Tdap vaccines. We also reviewed prenatal records to confirm vaccine administration and col-
lected demographic data. Patients who received care on the teaching service (care by residents supervised by faculty) were 
compared with those who received care from 26 private practitioners in nine groups. The primary outcome was rate of vac-
cination. Fisher’s exact test was performed to compare groups.
Results  Of the 231 women approached, 208 (90.0%) agreed to participate. Of the 208 participants, 70 (33.7%) had prenatal 
care with a teaching practice, and 138 (66.3%) with a private practice. Patients of teaching practices had a higher influenza 
and Tdap vaccination rate compared with patients of private practices (Influenza: 70% versus 54.3%, p = 0.036; Tdap: 77.1% 
versus 58.4%, p = 0.009). Among the entire cohort, 55.3% had some degree of vaccine hesitancy. This did not differ between 
teaching and private practices (54.3% versus 55.8%, p = 0.883).
Conclusions  In spite of similar prevalence of vaccine hesitancy, pregnant women cared for in teaching practices had higher 
vaccination rates than those cared for in private practices.

Significance
What is Already Known on this Subject? Prior studies have assessed individual patient characteristics as predictors of 
influenza and tetanus, diphtheria, and pertussis (Tdap) vaccination in pregnancy, but little is published on the role of 
provider type.
What this Study Adds? Teaching practices had higher vaccination rates in pregnancy than private practices despite similar 
prevalence of vaccine hesitancy between groups. Areas of future research should focus on incorporating evidence-based 
strategies in practices, particularly private practices, to improve vaccination rates in pregnancy.
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Introduction

Pregnant women and/or their infants have an increased risk 
of developing pertussis and severe influenza infection com-
pared to the general population. (Doraivelu et al., 2019) The 
highest rates of hospitalization and death due to pertussis 
are among newborns under two months of age, before they 
are able to get vaccinated. (Greenberg et al., 2005) Preg-
nant women with influenza have higher rates of hospital 
admissions and are more likely to be admitted to intensive 
care units compared to non-pregnant women. (Dodds et al., 
2007; Meijer et al., 2015; Jamieson et al., 2009) Influenza, 
and tetanus, diphtheria, and pertussis (Tdap) vaccinations 
during pregnancy have been shown to lower these risks. 
Thus, the American College of Obstetricians and Gynecolo-
gists (ACOG) and the Advisory Committee on Immuniza-
tion Practices (ACIP) recommends that pregnant women 
receive both influenza and Tdap vaccines during pregnancy. 
(Regan et al., 2016; ACOG, 2018, 2019; ACIP, 2013) How-
ever, in a recent Center for Disease Control and Prevention 
(CDC) report, 65% of pregnant women in the United States 
did not received both vaccines. (CDC, 2017)

Previous studies have assessed individual patient char-
acteristics, such as age, race, socioeconomic status, insur-
ance type and geographic locations as predictors of Tdap 
and influenza immunization. (Doraivelu et al., 2019; Mer-
ritt et al., 2020; Henninger et al., 2013; Strassberg et al., 
2018; Goldfarb et al., 2014) However, little is published on 
provider type as a predictor of vaccination. (O’Leary et al., 
2018; Cohen et al., 2019) Provider’s recommendations for 
administration of these vaccines are important and may be 
a strong predictor of patient vaccine acceptance. Thus, the 
objective of our study was to assess the rate of influenza 
and Tdap vaccination of pregnant women between teach-
ing faculty and private providers. In addition, we sought to 
evaluate the prevalence of vaccine hesitancy in pregnancy.

Methods

This was a prospective, cross-sectional study of a conve-
nience sample of recently postpartum women who delivered 
between February 29 and August 12, 2020 at Maimonides 
Medical Center, Brooklyn, New York, USA. Postpartum 
patients who delivered after 34 weeks of gestation were 
approached and consented to participate by filling out the 
survey. Patients were approached on the postpartum floor 
and recruited in groups of three (two from private prac-
tices and one from teaching practices). As the majority 
of the recruitment occurred during the COVID-19 pan-
demic, patients were approached with appropriate personal 

protective equipment at all times. Maimonides Medical 
Center Institutional Review Board approved this study.

One group consisted of patients who had prenatal care in 
a teaching practice and the other group consisted of patients 
who had prenatal care in a private practice. There were 26 
providers in the nine private practices. The teaching practice 
was defined as practices that included resident and fellow 
physicians in training under the supervision of faculty.

The survey consisted of 16 questions, eight questions for 
influenza vaccine and eight for Tdap vaccine. The first two 
questions examined the patient’s recollection of receiving 
the vaccine and whether her provider offered the vaccine. 
The last six questions examined components of vaccine 
hesitancy and were derived from a vaccine hesitancy work 
group. (Larson et al., 2015)

The prenatal chart was reviewed to confirm administra-
tion of influenza and Tdap vaccination. Demographic char-
acteristics were also extracted and included the patient’s 
age, race, parity, and gestational age at delivery.

The primary outcomes were confirmed influenza and 
Tdap vaccination. Secondary outcomes included vaccine 
hesitancy among pregnant patients. Vaccine hesitancy was 
defined as answering strongly agree or agree on any of the 
six survey questions.

For our sample size calculation, assuming a prevalence 
of 80% rate of Tdap vaccination in the teaching practice, 
in order to detect 25% difference in the private group, and 
a ratio of 2:1, patients from private practice: patients from 
teaching practice, a minimum of 206 total women was 
needed for an alpha error of 5% and a beta error of 20%.

Demographic continuous variables included the patient’s 
age, parity, and the completed gestational age at delivery. 
These variables were tested for normality with Shapiro-
Wilk test. Wilcoxon Rank sum test was used to compare 
demographic variables if they were not normally distributed 
or Student’s t test if they were normally distributed. Cat-
egorical variables included the patient’s race and vaccine 
hesitancy. Fisher’s exact test was used to compare categori-
cal variables. The primary outcome was compared between 
both groups. Only demographic variables that were sta-
tistically significantly different (defined as p value < 0.05) 
between the groups were adjusted for using logistic regres-
sion. Vaccine hesitancy were compared between both 
groups using Fisher’s exact test. We also compared vaccine 
hesitancy between the influenza vaccine and the Tdap vac-
cine using McNemar’s test. All statistical analyses were 
performed on Stata 15.1, StataCorp, College Station, Texas.
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Results

Of the 231 women approached, 208 (90.5%) agreed to par-
ticipate. Of those 208 women, 70 (33.7%) had prenatal care 
with the teaching practice, and 138 (66.3%) with a private 
practice. Patient demographic characteristics are presented 
in Table 1. The racial distribution differed between patients 
who had prenatal care with the teaching practice and those 
with a private practice (p = 0.002). Of the nine private prac-
tices included in this study, 4 (44.4%) referred their patients 
to another site (e.g., their primary care physicians) for vac-
cination due to lack of vaccine availability on site. The 
teaching practice had the vaccines available on site.

Among the entire cohort, 123 (59.1%) women were vac-
cinated with influenza or Tdap vaccine during pregnancy. 
Of the 208 women, 114 (54.8%) received influenza vac-
cine, 113 (54.3%) received Tdap vaccine, and 104 (50.0%) 
received both vaccines. After adjusting for race, patients of 
the teaching practice had a higher rate of influenza and Tdap 
vaccination compared with patients of private practices 
(influenza: 48 [68.6%] versus 66 [47.8%]; adjusted odds 

ratio [aOR], 2.00, 95% confidence interval [CI], 1.06–3.76; 
Tdap: 48 [68.6%] versus 65 [47.1%]; aOR, 2.49, 95% CI, 
1.25–4.93). Vaccine hesitancy did not differ between teach-
ing and private practices (Tables 2 and 3), nor between one 
vaccine and the other. Fear of side effects of both vaccines 
was the most common reason for vaccine hesitancy (teach-
ing: 38 [54.2%]; private: 77 [55.7%]).

We evaluated whether patients had differences in vaccine 
hesitancy between the influenza and the Tdap vaccine by 
comparing their answers on the six vaccine hesitancy survey 
questions. Of the 44 patients that reported that the influenza 
vaccine was not important, 25 reported that the Tdap vac-
cine was important, which was not statistically different to 
those who reported influenza vaccine is important (N = 164), 
but Tdap vaccine was not (N = 19) (p = 0.451). Regarding 
whether the vaccine is effective, of the 161 patients who 
thought the influenza vaccine was effective, 14 reported that 
this is not true for the Tdap vaccine. This was significantly 
different to those who thought the Tdap vaccine was effective 
(N = 175), but influenza was not (N = 28) (p = 0.044). Of the 
187 patients that thought the influenza vaccine was impor-
tant for the health of their community, 7 did not think this is 
true for Tdap. This was not significantly different from the 8 
who did not think influenza vaccine was important for their 
community from the 188 patients who thought Tdap was 
important. (p > 0.99). Whether information was reliable on 
the vaccines did not differ between the influenza and Tdap 
vaccine (15 patients who thought Tdap information was not 
reliable of the 190 who thought influenza information was 
reliable vs. 7 who thought influenza information was not 
reliable of the 182 who thought Tdap information was reli-
able, p = 0.134). Similarly, patients did not differ in report-
ing whether the two vaccines were a good way to protect 

Table 1  Patient characteristics between teaching and private practices
Characteristics Teaching

N = 70
Private
N = 138

P

Age (years) 28 [25–32] 29 [25–35] 0.213
Race 0.002
White 25 (35.7) 78 (56.5)
Black 13 (18.6) 18 (13)
Asian 15 (21.4) 32 (23.2)
Hispanic 17 (24.3) 10 (7.2)
Parity 2 [1–3] 2 [1–3] 0.243
Gestational age (completed weeks) 39 [38–40] 39 [38–40] 0.259
Data presented as median [interquartile range] or N (%)

Table 2  Vaccination rate and vaccine hesitancy for influenza vaccine
Faculty
N = 70

Private
N = 138

P

Vaccinated 48 
(68.6%)

66 
(47.8%)

.011I

Hesitancy surveya

Influenza vaccine is important 57 
(81.4%)

107 
(77.5%)

0.592

Influenza vaccine is effective 57 
(81.4%)

104 
(75.3%)

0.382

Influenza vaccine is important for 
health of my community

65 
(92.8%)

122 
(88.4%)

0.465

Information of influenza vaccine is 
reliable

64 
(91.4%)

126 
(91.3%)

1

Influenza vaccine is a good way to 
protect myself

58 
(82.8%)

111 
(80.4%)

0.712

I am concerned about the side effects 
of the influenza vaccine

38 
(54.2%)

77 
(55.7%)

0.883

IAdjusted for race by logistic regression
aDerived from Larson et al. 2015

Table 3  Vaccination rate and vaccine hesitancy on Tdap vaccine
Faculty
N = 70

Private
N = 138

P

Vaccinated 48 
(68.6%)

65 
(47.1%)

.003I

Hesitancy surveya

Tdap vaccine is important 62 
(88.5%)

108 
(78.2%)

0.087

Tdap vaccine is effective 60 
(85.7%)

115 
(83.3%)

0.841

Tdap vaccine is important for health of 
my community

66 
(94.2%)

122 
(88.4%)

0.218

Information of Tdap vaccine is reliable 64 
(91.4%)

118 
(85.5%)

0.272

Tdap vaccine is a good way to protect 
myself

65 
(92.8%)

115 
(83.3%)

0.084

I am concerned about the side effects 
of the Tdap vaccine

38 
(54.2%)

77 
(55.7%)

0.883

IAdjusted for race by logistic regression
aDerived from Larson et al. 2015
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The finding that patients were more likely to think that 
influenza vaccine was not effective compared to Tdap was 
not surprising, given that influenza vaccine is less effective 
compared to other adult vaccines. However, obstetric pro-
viders should counsel patients of the reduced hospitaliza-
tions in those who were vaccinated as well as the numerous 
newborn benefits. (ACOG, 2019)

We must acknowledge limitations of this study. Patients 
were recruited postpartum, and thus may not have remem-
bered whether they had received either vaccine during 
the pregnancy. However, we reviewed their prenatal chart 
to confirm vaccination. Another limitation included not 
observing all of the immunization processes in each of the 
practices, e.g. reminders on the electronic medical record or 
on-site vaccine availability. Vaccine availability on-site may 
have played a role since the teaching practice had vaccines 
on-site, and many private practices did not. However, we 
found that vaccine hesitancy was similar between patients 
from both types of practices. Finally, patients were recruited 
during the peak of the novel coronavirus pandemic during 
which prenatal visits were spaced out. Thus, some patients 
may have not had the opportunity to receive vaccines. How-
ever, it is unlikely that rate of vaccination would be more 
affected for one type of practice versus the other as the pan-
demic affected everyone.

In conclusion, we found that a teaching practice had a 
higher rate of influenza and Tdap vaccination in pregnancy 
compared to private practices. We also found that fear of 
side effects from vaccination was a main factor driving vac-
cine hesitancy in pregnant women. Despite the strong rec-
ommendations from medical societies (Regan et al., 2016; 
ACOG, 2018, 2019; ACIP, 2013), our study has shown that 
work still needs to be done in order to improve vaccina-
tion rates during pregnancy. Areas of future research should 
focus on improving on-site factors and incorporating evi-
dence-based strategies in practices (ACOG, 2019) as well as 
communication strategies for providers regarding vaccina-
tion safety during pregnancy.
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themselves (12 patients reporting Tdap was not a good way 
from the 169 patients who thought the influenza vaccine was 
a good way versus 23 patients reporting influenza was not 
a good way from 180 patients who thought the Tdap vac-
cine was a good way, p = 0.090). Among the question that 
demonstrated the most vaccine hesitancy in this group, there 
was no difference in the patient’s concerns about the side 
effects between the influenza and Tdap vaccine (19 who did 
not have concerns about Tdap vaccine from the 115 who 
did have concerns with the influenza versus 19 who did not 
have concerns about the influenza vaccine from the 115 who 
did have concerns about the Tdap vaccine, p > 0.99).

Discussion

We found that patients of a teaching practice received the 
influenza and Tdap vaccine at a higher rate than patients of 
private practices. In addition, the prevalence of vaccine hes-
itancy in pregnancy was over 50%, with fear of side effects 
reported as the most common reason.

Despite the benefits of vaccination, the overall rate of 
influenza and Tdap vaccination in pregnancy in the United 
States is dismal. (CDC, 2017) Many OB/GYNs have not 
yet adopted evidence-based strategies for increasing vac-
cination rates. (Cohen, 2019) Evidence-based strategies 
for practices include creating an immunization culture in 
the office by educating the staff on the importance of vac-
cination and developing a standardized process of assessing 
and ordering a vaccine for patients. (ACOG, 2019) Among 
the multiple private practices included in our study, there 
was variability in resources and vaccination processes in 
offices. The teaching practice had vaccines in stock, allow-
ing vaccination during a prenatal visit. One recent study 
found that on-site availability was a factor that was associ-
ated with Tdap vaccination in pregnancy. (O’Leary, 2018) 
Many private practices, including the ones in this study, cite 
reimbursement and cost as major barriers to offering on site 
vaccination. (Leddy, 2009) But, reimbursement for immu-
nization can be maximized with proper documentation to 
cover these costs. (ACOG, 2019)

Patients’ hesitancy, in our study, appeared to be most 
closely tied to the safety profile of vaccines, which is con-
sistent with other reports in the literature. (Strassberg, 2018) 
Obstetric providers should include a discussion of the safety 
of vaccination during pregnancy in their counseling to preg-
nant patients. That reassurance could include the findings 
of a recent prospective study including over 1,200 pregnant 
women that found no association between adverse maternal 
and neonatal outcomes and maternal pertussis vaccination. 
(Mohammed, 2021)
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