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Abstract

Objective: To evaluate the result of an inpatient postpartum human papillomavirus (HPV) 

immunization pilot program in a diverse, low-income patient population from an urban, hospital-

based obstetrics and gynecology clinic.

Methods: In this cohort study, we present results from the first two years of the inpatient 

postpartum HPV immunization program, in which vaccine-eligible postpartum women were 

identified and immunized during their hospital stay. The program was implemented following 

educational outreach with prenatal and postpartum clinicians and nurses. Associations between 

receipt of HPV vaccine as an inpatient and characteristics of patients, and likelihood of and missed 

opportunities for receiving a subsequent dose of HPV vaccine as an outpatient were determined 

using logistic regression, time-to-event analyses, chi-squared tests and student’s t-tests.

Results: From 04/11/2017 to 04/10/2019, 394 (59.2%) of 666 postpartum women were eligible 

for the inpatient postpartum HPV immunization program. The majority (265/394, 67.3%) received 

the IPP-HPV dose, 36/265 (13.6%) of whom completed the series with that dose. Among women 

due for additional doses after hospital discharge, those who received the inpatient dose were more 

likely to receive a subsequent outpatient dose (138/229) than were those who did not receive an 

inpatient dose (39/129; Hazard ratio: 2.51, 95% CI 1.76 to 3.58). On average, there were 30.7 

fewer (95% CI 5.8–55.6, p<0.02) missed opportunities for subsequent outpatient doses for every 

100 eligible visits among women who received the inpatient dose compared with women who did 
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not. By the end of the study, the proportion of women who had completed the vaccine series was 

higher among women that received the inpatient dose (95/265, 35.8%) than in those who did not 

(12/129, 9.3%; OR 5.45, 95% CI 2.86–10.38).

Conclusion: The inpatient postpartum HPV immunization program was associated with 

increased rates of immunization and addressed a previously missed opportunity. Inpatient 

immunization programs can serve as a critical way to address gaps in vaccine uptake.

Precis:

Programs to administer the human papillomavirus (HPV) vaccine to women as postpartum 

inpatients can be an effective way to increase uptake of HPV vaccine.

Introduction

Since 2006, HPV vaccine has been recommended for children starting as early as age 9 

years, with routine immunization at 11 to 12 years old. Catch-up immunization is 

recommended for all adults through age 26 years and shared clinical decision-making is 

recommended for adults aged 27–45 years.(1, 2) The nine-valent HPV vaccine (9vHPV) 

prevents infection from high-risk HPV types that cause 85% of cervical cancer cases.(3) 

Despite established safety and efficacy of the HPV vaccine, as well as growing evidence of 

its clinical effectiveness,(1, 4–9) vaccine administration has lagged. Rates of series initiation 

and completion among adolescents aged 13–17 years remain low (68.1% and 51.1%, 

respectively).(10) Furthermore, the rate of vaccine series initiation among women ages 19–

26 years who have never previously been vaccinated is even lower at 8.6%,(11) underscoring 

the importance of catch-up immunization even as efforts to improve adolescent rates are 

underway.

Administration of the HPV vaccine is not recommended during pregnancy. Consequently, 

pregnancy, associated with not completing the series, is a barrier to achieving higher rates of 

immunization.(12) The postpartum hospital stay is the first opportunity to vaccinate for HPV 

after delivery, and the vaccine is safe for breastfeeding infants.(13) Currently, the HPV 

vaccine is not routinely administered among postpartum women during their hospital 

admission, unlike other vaccines that have been more widely implemented into routine 

inpatient postpartum care: tetanus, diptheria, acellular pertussis (Tdap); influenza; and 

measles, mumps and rubella (MMR), resulting in increased immunization rates.(14–18)

Although HPV immunization prior to sexual debut is most effective, the vaccine can still 

prevent disease among women who have been sexually active. Results from a study of HPV-

exposed and unexposed 15–25 years old women found vaccine effectiveness against 

precancerous lesions of moderate grade or worse (CIN2+) to be 30.4%, irrespective of prior 

HPV-type exposure.(19) The study also demonstrated a 24.7% reduction in the number of 

cervical excision procedures for the treatment of precancerous cervical lesions. In August 

2019, the Centers for Disease Control and Prevention (CDC) expanded its HPV 

immunization recommendation, noting that some adults may benefit from receiving the 

vaccine through age 45 years.(1)
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The postpartum hospital stay is, therefore, a critical immunization opportunity. We 

introduced an inpatient postpartum HPV immunization pilot program to improve HPV 

immunization rates and to decrease missed opportunities to initiate or complete the series. In 

this study, we evaluate the results of the inpatient postpartum HPV immunization program 

over the first two years of implementation, and one year of follow-up in a diverse, low-

income patient population.

Methods

The inpatient postpartum HPV immunization pilot program was launched at Yale New 

Haven Hospital on April 11, 2017 as a quality improvement program providing HPV 

vaccine to postpartum women during their hospital admission. Data from the first two years 

of the program (04/11/2017 through 04/10/2019) were reviewed and a medical chart review 

was conducted on outpatient records through 10/10/2019, allowing at least 6 months from 

the date of delivery for follow-up of all patients. The Yale Institutional Review Board 

approved the review of program records and medical chart abstraction for this study.

As a pilot, the program was available to patients less than 27 years old, who received 

prenatal care at a single hospital-based ob-gyn clinic, and who had not completed the HPV 

vaccine series at the time of postpartum hospital admission. The recommendation for shared 

decision-making on HPV immunization with adults 27–45 years old occurred more than 2 

years after initiation of the inpatient postpartum HPV immunization program and, given 

limited vaccine supply, program eligibility criteria was not changed. The ob-gyn clinic 

where program-eligible patients received prenatal care is located in an urban area and serves 

a low-income patient population, primarily of Black or Hispanic race and ethnicity. Most 

patients have public insurance and approximately one-quarter are uninsured. An 

interdisciplinary team of staff and clinicians provide general ob-gyn care at the clinic.

The program coordinator identified patients eligible for the inpatient postpartum HPV 

immunization program by reviewing the inpatient postpartum roster for practice site and 

patient age each day. The coordinator determined whether patients were adequately 

immunized by reviewing their immunization history in the electronic health record (EHR), 

and then informed the on-call clinician of all patients eligible for the program for that day. 

The on-call clinician would then place the order for 9vHPV. Additional routine clinical 

workflow for vaccines were then followed by the patient’s clinical team: discuss HPV 

vaccine with the patient, address questions, provide the vaccine information sheet from the 

CDC, administer the vaccine, document administration or declination of the vaccine, and 

update the patient EHR problem list if the patient would need subsequent doses following 

hospital discharge, as applicable.

The HPV vaccine supply for the pilot program was provided through a drug-only grant from 

Merck & Co., Inc. (Merck) and was therefore available to patients at no cost. A new 

inpatient order for HPV vaccine was created in the EHR and the vaccine stock was managed 

by the hospital’s investigational pharmacy, given the non-formulary, grant-based vaccine 

supply. All patients eligible for the immunization program were scheduled to return to the 

ob-gyn clinic for outpatient postpartum care per standard practice. Subsequent doses of HPV 
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vaccine were recommended and administered at this clinic as indicated. We used the 2-dose 

schedule (0, 6–12 months) for individuals who received their first dose < 15 years old and 

the 3-dose schedule (0, 1–2 months, 6 months) for all others per CDC guidelines (1).

Clinicians providing prenatal care were informed about the inpatient postpartum HPV 

immunization program prior to its initiation at monthly staff meetings and were encouraged 

to discuss IPP-HPV with eligible patients in the third trimester. In addition, patient education 

materials about the immunization progrma were developed and included HPV vaccine 

information adapted from the American College of Obstetricians and Gynecologists 

(ACOG).(20) Clinicians were encouraged to continue reviewing HPV immunization history 

as part of postpartum care to identify patients due for a subsequent dose of vaccine. 

Intermittent reminders were provided to outpatient clinicians to discuss HPV immunizations 

at both antenatal and postpartum visits.

Descriptive analyses were first conducted for the entire cohort of women who were eligible 

in the first 2 years of the immunization program. Next, analyses were conducted for the 

subgroup of women who were both eligible to receive one or more outpatient doses of the 

HPV vaccine after hospital discharge and had at least 12 months of follow-up time from date 

of delivery. Logistic regression analysis was used to determine if the likelihood of receiving 

the HPV vaccine, either the inpatient or subsequent outpatient doses, was associated with 

individual patient characteristics. Each patient characteristic was first assessed for 

association with receiving a dose of HPV vaccine (either inpatient or subsequent outpatient) 

individually using bivariate logistic regression models. Multivariable models were then built, 

which included all variables that were statistically significantly associated with receipt of the 

vaccine on bivariate analyses. A p-value of <0.05 was considered to be statistically 

significant. Variables assessed included age, patient self-reported race (American Indian or 

Alaska Native, Asian, Black or African American, Native Hawaiian, other Pacific Islander, 

White or Caucasian, other, unknown) and ethnicity (Hispanic or Latino, non-Hispanic, 

unknown) as categorized in the EHR, preferred language, marital status, insurance type, 

smoking status, parity, gravidity, mode of delivery, and previous HPV immunization history. 

Race and ethnicity were assessed in this study given well-documented racial and ethnic 

disparities in HPV immunization as well as cervical cancer incidence, morbidity and 

mortality.

Time-to-event analyses, using single-failure survival-time models with Gompertz 

distributions and non-parametric Kaplan Meier curves, were used to evaluate the association 

of inpatient immunization on the probability of receiving subsequent outpatient doses of 

HPV vaccine over time post-discharge among all women eligible for the inpatient 

postpartum HPV immunization program. For these survival models, the outcome of interest 

was the number of postpartum months until the next dose of HPV vaccine was received. 

Women were censored if they completed the vaccine series while hospitalized, aged out of 

eligibility for the HPV vaccine (27 years of age), or at the end of the study if they did not 

receive any additional doses of the vaccine after discharge.

Next, we examined if the proportion of women with at least one missed opportunity during a 

12-month follow-up period differed between those that received and those that did not 
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receive the inpatient dose using linear regression. A missed opportunity was defined as a 

vaccine-eligible visit at which the patient was due for HPV vaccine based on vaccine 

schedules described previously, but it was not administered.(21) A vaccine-eligible visit was 

defined as a visit to the ob-gyn clinic at which the patient was less than 27 years of age, was 

not pregnant, and had not completed the vaccine series. Vaccine administrations documented 

in the EHR that occurred outside the ob-gyn clinic were included in the vaccine-eligible visit 

count and in the administered count. The rate of missed opportunity was calculated as the 

ratio of missed opportunity to the total number of vaccine-eligible visits over a 12-month 

period. Poisson regression with robust variance estimators was used to estimate the rates of 

missed opportunity and test for differences in rates between the two groups. In these models, 

the number of missed opportunity was the dependent variable, receipt of the inpatient dose 

was a regressor, and the number of vaccine eligible visits were used as offsets (on a log-

scale).

Statistical analyses were performed using STATA® software version 15.0 (College Station, 

TX).

Results

From April 11, 2017 to April 10, 2019, 666 women who were patients of the hospital-based 

ob-gyn clinic and under 27 years of age delivered at Yale New Haven Hospital. A total of 

394/666 women (59.2%) were eligible to receive an inpatient dose of the HPV vaccine 

(Appendix 1, available online at http://links.lww.com/xxx). The remainder of women were 

noted to have completed their HPV vaccine series. Among women eligible for IPP-HPV, 

265/394 received a dose during their hospital admission (67.3%). For 36/265 women, receipt 

of the inpatient dose led to vaccine series completion (13.6%), and the remaining 358 

women were eligible to receive additional doses of HPV vaccine. Among these, 49.4% 

(n=177/358) went on to receive at least one subsequent dose. The proportion of women 

eligible for additional vaccine doses after hospital discharge and went on to receive a 

subsequent outpatient dose was significantly higher (30.1%, 95% CI 19.6%–40.4%) among 

those who had received the inpatient dose (138/229, 60.3%) than those who had not (39/129, 

30.2%). The overall proportion of program-eligible women who completed the vaccine 

series at the end of the study was also higher among women that received the inpatient dose 

(95/265, 35.8%) compared with those who did not (12/129, 9.3%; OR 5.45, 95% CI 2.86–

10.38).

The characteristics of the 394 women eligible for the immunization program are shown in 

Table 1. Of eligible women, 277/394 were Black or Hispanic (70.3%), 297/394 had public 

insurance and 82/394 had no insurance (75.4% and 20.8%, respectively), 104/394 identified 

Spanish as their preferred language (26.4%), and 316/394 had not received any prior doses 

of HPV vaccine (80.2%). The majority had previously been pregnant (250/394, 63.5%), 

although 189/394 had delivered for the first time (48%), and 334/394 delivered vaginally 

(84.8%).

Bivariate and multivariate analyses of demographic and clinic characteristics associated with 

receipt of the inpatient dose are shown in Table 1. Hispanic women were significantly more 
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likely to receive an inpatient dose of the HPV vaccine (OR 2.14, 95% CI 1.07–4.30), as were 

women identifying Spanish as their preferred language (OR 3.03, 95% CI 1.69–5.42). After 

adjusting for significant covariates, women with a preferred language of Spanish were still 

more likely to receive an inpatient dose (aOR 2.84, 95% CI 1.41–5.67). Women who were 

married were less likely to receive an inpatient dose (aOR 0.59, 95% CI 0.37–0.96), 

although after adjusting for significant covariates, this association was no longer significant 

(aOR 0.59, 95% CI 0.32–1.10). Women who had received 2 prior doses of the vaccine 

before their hospital admission were more likely to receive an inpatient dose (OR 2.72, 95% 

CI 1.10–6.72). This association was strengthened after adjusting for significant covariates 

(aOR 3.07, 95% CI 1.22–7.78). There was no significant difference in receipt of vaccine 

when comparing women with private or no insurance to those with public insurance.

In addition, receipt of other postpartum vaccines was analyzed for association with receipt of 

the inpatient dose. Among women eligible for the immunization program, 52/394 (13.2%) 

were also due for a Tdap vaccine, of whom 15/52 (28.8%) received it during their 

postpartum hospitalization. Similarly, 67/394 (17.0%) women were also due for an influenza 

vaccine, of whom 21/67 (31.3%) received it during their postpartum hospitalization. Receipt 

of Tdap or influenza vaccine was not significantly correlated with receipt of the inpatient 

dose (OR 2.11; 95% CI 0.60–7.38 and OR 1.33; 95% CI 0.47–3.77, respectively).

Patients eligible for the inpatient postpartum HPV immunization program who were not 

series complete at the time of hospital discharge (n = 358) were included in the time-to-event 

analysis to evaluate the association of the program with the probability of receiving 

subsequent outpatient doses over time post-discharge. Women who had received an inpatient 

dose had a higher probability of receiving subsequent outpatient doses of HPV vaccine 

compared with those who did not receive the inpatient dose (HR 2.51, 95% confidence 

interval (CI) 1.76 to 3.58). Kaplan-Meier curves for this analysis are shown in Figure 1.

Of the 358 women who had not completed their vaccine series at hospital discharge, 295 

women had 12 months of follow-up time after delivery (Table 2). This group was similar to 

the overall group eligible for the inpatient postpartum HPV immunization program 

described above and in Table 1. The odds of receiving an outpatient dose of HPV vaccine 

during the first 12 postpartum months was higher among Hispanic women (OR 2.60, 95% 

CI 1.15–5.90) and among women who preferred speaking Spanish (OR 2.11, 95% CI 1.22–

3.64). However, these associations did not remain significant after adjusting for covariates 

(aOR 1.83, 95% CI 0.63–5.34; aOR 0.98, 95% CI 0.47–2.08). Overall, 189/295 (64.1%) of 

women in this group had received the inpatient dose, and these women were significantly 

more likely to receive a subsequent outpatient dose (OR 3.76, 95% CI 2.26–6.29), even after 

adjusting for significant covariates (aOR 3.14, 95% CI 1.71–5.77). For every additional 

outpatient follow-up visit attended, the odds of getting the outpatient dose increased almost 

3-fold (aOR 2.88, 95% CI 2.08–3.99).

Among women who remained vaccine eligible after discharge, 222/358 (62.0%) had a 

vaccine eligible clinical encounter in the 12-month follow-up period. Of these, the number 

of women who had at least one missed opportunity was significantly lower (23.4% lower, 

95%CI: 9.4%–23.3%) in the subgroup that received the inpatient dose (75/154, 48.7%) than 
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in those who did not (49/68; 72.1%). On average, there were 30.7 fewer (95%CI: 5.8–55.6, 

p<0.02) missed opportunities for every 100 eligible visits among women who received an 

inpatient dose compared with those that did not (83.2 vs 52.5 missed opportunities per 100 

visits, respectively).

Discussion

In this study, we present an evaluation of a pilot quality improvement program to immunize 

postpartum women with HPV vaccine prior to hospital discharge. The goals of this program 

were to increase rates of HPV immunization in a young adult population at high risk for 

HPV-associated disease, to create a new opportunity for immunization and thereby decrease 

missed opportunities, and to serve as a demonstration project for consideration of future 

expansion and scaling. Through the inpatient postpartum HPV immunization program, 265 

women received HPV vaccine prior to hospital discharge that would not otherwise have 

received a dose, for an uptake rate of 67.3%. Those who received the inpatient dose were 

three times more likely to get subsequent outpatient doses and the time to their next dose 

was sooner. Postpartum women who received the inpatient dose had fewer missed 

opportunities for subsequent immunization in the outpatient clinic.

Previous studies have examined various strategies for improving HPV vaccine uptake among 

adolescents – improving the quality of clinicians’ recommendations; increasing education 

for parents, adolescents and clinicians; improving clinical workflows with best practice 

alerts or standing orders.(22–26) A few studies have also demonstrated the effectiveness of 

using similar strategies among young adults.(26–29) However, identifying new opportunities 

for HPV immunization is also critical and can potentially have a systems-level impact. 

Alternate arenas for immunization that remain underused include schools, pharmacies, and 

non-traditional clinical opportunities such as immunizing parents at pediatricians’ offices or 

patients admitted to the hospital.

Although it is most effective to immunize children and adolescents prior to initiation of 

sexual activity, individuals who have been sexually active can still benefit from catch-up 

immunization with HPV vaccine. This is particularly important with 9vHPV, as most women 

have only been exposed to 1–2 HPV types and remain susceptible to several types that the 

current vaccine protects against (30). One study has shown inpatient postpartum HPV 

immunization to be feasible and acceptable under a research protocol.(31) However, a 

research consent was required of women to receive the vaccine and eligibility was limited to 

women delivering at ≥ 32 weeks gestation who had received no prior doses. A program for 

women delivering at The University of Texas Medical Branch (UTMB) is the only other 

program we are aware of that routinely provides HPV vaccine to postpartum women less 

than 27 years of age prior to hospital discharge.(32) The proportion of eligible women who 

received the inpatient dose in our program (67.3%) was similar although slightly lower than 

that (75.4%) reported by investigators at UTMB.

The UTMB program differs in several ways from our program. The UTMB cohort was more 

likely to have never received prior HPV vaccine (74.2% versus 46.9%) and was less likely to 

be vaccine series complete at the time of program eligibility screening (15.5% versus 
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40.8%) compared with our cohort. This could indicate that among our study cohort, more 

women had been counseled on HPV vaccine previously and had already made a decision or 

formed opinions about the vaccine. Additionally, the UTMB program uses resource-intense 

patient navigators and text messaging-based patient reminders in its outpatient follow-up 

process. We used existing workflows for delivering subsequent outpatient doses of HPV 

vaccine. Previous initiatives have been implemented in our ob-gyn clinic to improve HPV 

immunization rates and decrease missed opportunities.(29) We, therefore, introduced 

minimal additional processes in implementing the inpatient postpartum HPV immunization 

program which included guidance and intermittent reminders to outpatient clinicians both to 

discuss the program as part of prenatal care and to review HPV immunization history during 

postpartum visits to facilitate completion of the HPV vaccine series.

The program evaluated in this study was successful in immunizing women at higher risk for 

developing cervical cancer and other HPV-associated disease. Incidence of cervical cancer is 

higher among lower income women and also among Black and Hispanic women in the U.S. 

compared with white and non-Hispanic women.(33–35) In our study cohort, the majority of 

women eligible for the inpatient postpartum HPV immunization program, regardless of race 

or ethnicity, received the inpatient dose of the HPV vaccine. In addition, among women with 

a preferred language of Spanish, the odds of receiving the inpatient dose was nearly 3 times 

higher compared with women with a preferred language of English. This may represent a 

group of women that perhaps did not have many prior opportunities for immunization due to 

a lack of access to the vaccine by geography or resources.

The American Cancer Society and the President’s Cancer Panel in 2014 and in 2018 have 

endorsed using every opportunity for immunizing against HPV infection.(36–38) There are 

also intangible benefits to such a strategy such as promoting a continued emphasis on the 

woman’s future health and well-being beyond pregnancy – setting the stage for overall 

preventive health, including vaccines, for an entire family. Even for women who did not 

receive the inpatient dose of HPV vaccine, there could be some benefit due to the positive 

messaging about the vaccine that affects the likelihood of receiving it at a subsequent 

outpatient visit.

The success of the inpatient postpartum HPV immunization program may reach beyond the 

benefits to those women who have been immunized. The HPV vaccine supply for this 

program currently comes from a grant and is therefore resource-limited. The Medicaid 

billing structure in Connecticut uses the diagnosis-related group (DRG) codes for inpatient 

hospital admissions. With this structure, individual medications or vaccines are not 

reimbursed and therefore adding items to the inpatient formulary must be carefully 

considered. The high cost of the vaccine makes it challenging to include the HPV vaccine on 

the inpatient formulary. Additionally, the role of a program coordinator can also be a barrier 

to sustainability. The success of this pilot program, however, has laid the groundwork for a 

significant investment by the hospital system to explore, develop, and implement an adapted 

version of the the inpatient postpartum HPV immunization program that will be both 

sustainable and accessible to all vaccine-eligible women delivering in the Yale New Haven 

Health System, the largest healthcare system in Connecticut. The adapted program is 

expected to leverage the electronic health record and health informatics in the creation of a 
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“virtual outpatient immunization clinic” to scale up the immunization program, eliminate the 

need for a program coordinator, and allow for the vaccine to be charged for and covered as 

an outpatient insurance benefit thereby eliminating reliance on an external supply of vaccine.

Our study and the inpatient postpartum HPV immunization program had limitations. As a 

single-site study, the findings may have limited generalizability. The program was only 

available to patients from the hospital-based clinic. Therefore, we are unable to determine 

the effect of such a program in patients from other practice settings delivering in the same 

hospital. In addition, the inpatient postpartum HPV immunization program was possible due 

to a grant for vaccine supply. Thus, the implementation of similar programs in other settings 

may be challenging if the HPV vaccine is not on hospital formulary, however this is a 

hospital and state-specific factor. Determination of a patient’s HPV immunization history 

was limited by data available in the EHR, outside medical records, and by patient self-report, 

similar to the outpatient setting. Without an immunization registry that extends beyond age 

2, accurate determination of vaccine history remains challenging. We used EHR data to 

determine the administration of subsequent outpatient HPV vaccine doses. However, if 

vaccine administration occurred outside of the health system’s EHR, we would not have 

been able to capture this information. Despite an overall successful program, 50% of eligible 

women needing subsequent outpatient doses did not receive any additional vaccine. This 

highlights the potential need for additional program components to further improve HPV 

vaccine series completion.

In this study, we demonstrated how substantial improvements in HPV vaccine uptake can be 

achieved with an inpatient postpartum HPV immunization program, thereby creating a new 

opportunity for catch-up immunization. Given the inability to receive the HPV vaccine in 

pregnancy, immunizing women in the postpartum period is critical. Using the hospital 

admission allows for efficient and timely care that is patient-centered as it facilitates faster 

completion of the HPV vaccine series with a reduced number of visits. Those women that 

participated in the program had fewer missed opportunities for subsequent outpatient 

immunization and received their next dose due sooner than women who did not receive the 

inpatient dose. Further work is needed to understand what additional programmatic 

components are needed to achieve higher rates of immunization with subsequent outpatient 

doses of HPV vaccine in the postpartum period. Inpatient postpartum HPV immunization 

programs should be more routinely considered by hospitals and health systems as part of a 

larger effort to improve immunization rates in the community.
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Figure 1: 
Time-to-event analyses on the probability of receiving subsequent doses of outpatient human 

papillomavirus (HPV) vaccine over time posthospital discharge among all women eligible 

for the inpatient postpartum HPV immunization pilot program (IPP-HPV) during the study 

period, based on receipt of IPP-HPV dose.

Avni-Singer et al. Page 13

Obstet Gynecol. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Avni-Singer et al. Page 14

Ta
b

le
 1

.

C
ha

ra
ct

er
is

tic
s 

of
 P

at
ie

nt
s 

E
lig

ib
le

 f
or

 I
PP

-H
PV

 a
nd

 A
ss

oc
ia

tio
n 

w
ith

 R
ec

ei
pt

 o
f 

In
pa

tie
nt

 V
ac

ci
ne

 D
os

e

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll,

 N
= 

39
4

G
iv

en
 I

P
P

 D
os

e,
 N

= 
26

5
N

ot
 G

iv
en

 I
P

P
 D

os
e,

 N
=1

29
O

R
aO

R

A
ge

, y
ea

rs
23

 (
21

–2
5)

23
 (

21
–2

5)
23

 (
21

–2
5)

0.
98

 (
0.

89
–1

.0
5)

*
-

R
ac

e

 
H

is
pa

ni
c

17
1 

(4
3.

4)
12

8 
(4

8.
3)

43
 (

33
.3

)
2.

14
 (

1.
07

–4
.3

0)
1.

31
 (

0.
60

–2
.8

7)

 
N

on
-H

is
pa

ni
c 

B
la

ck
10

6 
(2

6.
9)

67
 (

25
.3

)
39

 (
30

.2
)

1.
23

 (
0.

60
–2

.5
5)

1.
17

 (
0.

55
–2

.4
7)

 
N

on
-H

is
pa

ni
c 

W
hi

te
43

 (
10

.9
)

25
 (

9.
4)

18
 (

14
.0

)
R

ef
er

en
t

 
N

on
-H

is
pa

ni
c 

O
th

er
□

52
 (

13
.2

)
27

 (
10

.2
)

25
 (

19
.4

)
0.

78
 (

0.
34

–1
.7

6)
0.

91
 (

0.
32

–2
.5

6)

 
M

ul
tir

ac
e

18
 (

4.
6)

15
 (

5.
7)

3 
(2

.3
)

3.
60

 (
0.

91
–1

4.
31

)
2.

78
 (

0.
67

–1
1.

51
)

 
U

nk
no

w
n

4 
(1

.0
)

3 
(1

.1
)

1 
(.

8)
-

-

L
an

gu
ag

e

 
E

ng
lis

h
24

2 
(6

1.
4)

15
2 

(5
7.

4)
90

 (
69

.8
)

R
ef

er
en

t

 
Sp

an
is

h
10

4 
(2

6.
4)

87
 (

32
.8

)
17

 (
13

.2
)

3.
03

 (
1.

69
–5

.4
2)

2.
84

 (
1.

41
–5

.6
7)

 
O

th
er

‡
48

 (
12

.2
)

26
 (

9.
8)

22
 (

17
.1

)
0.

70
 (

0.
37

–1
.3

1)
1.

14
 (

0.
44

–2
.9

3)

M
ar

it
al

 S
ta

tu
s

 
Si

ng
le

29
0 

(7
3.

6)
20

2 
(7

6.
2)

88
 (

68
.2

)
R

ef
er

en
t

 
M

ar
ri

ed
92

 (
23

.4
)

53
 (

20
.0

)
39

 (
30

.2
)

0.
59

 (
0.

37
–0

.9
6)

0.
59

 (
0.

32
–1

.1
0)

 
O

th
er

8 
(2

.0
)

6 
(2

.3
)

2 
(1

.6
)

1.
31

 (
0.

26
–6

.6
0)

0.
93

 (
0.

17
–5

.0
4)

 
U

nk
no

w
n

4 
(1

.0
)

4 
(1

.5
)

0 
(.

0)
-

-

In
su

ra
nc

e

 
Pr

iv
at

e
15

 (
3.

8)
8 

(3
.0

)
7 

(5
.4

)
0.

6 
(0

.2
1–

1.
70

)
-

 
Pu

bl
ic

29
7 

(7
5.

4)
19

5 
(7

3.
6)

10
2 

(7
9.

1)
R

ef
er

en
t

-

 
U

ni
ns

ur
ed

82
 (

20
.8

)
62

 (
23

.4
)

20
 (

15
.5

)
1.

62
 (

0.
93

–2
.8

3)
-

Sm
ok

in
g 

H
is

to
ry

 
N

ev
er

 s
m

ok
ed

29
7 

(7
5.

4)
20

4 
(7

7.
0)

93
 (

72
.1

)
R

ef
er

en
t

-

 
Pa

st
 o

r 
cu

rr
en

t s
m

ok
er

93
 (

23
.6

)
59

 (
22

.3
)

34
 (

26
.4

)
0.

79
 (

0.
49

–1
.2

9)
-

 
U

nk
no

w
n

4 
(1

.0
)

2 
(.

8)
2 

(1
.6

)
-

-

P
ri

or
 H

P
V

 v
ac

ci
ne

 
U

ni
m

m
un

iz
ed

31
6 

(8
0.

2)
20

7 
(7

8.
1)

10
9 

(8
4.

5)
R

ef
er

en
t

 
1 

pr
io

r 
do

se
41

 (
10

.4
)

27
 (

10
.2

)
14

 (
10

.9
)

1.
02

 (
0.

51
–2

.0
2)

1.
01

 (
0.

49
–2

.0
9)

Obstet Gynecol. Author manuscript; available in PMC 2021 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Avni-Singer et al. Page 15

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll,

 N
= 

39
4

G
iv

en
 I

P
P

 D
os

e,
 N

= 
26

5
N

ot
 G

iv
en

 I
P

P
 D

os
e,

 N
=1

29
O

R
aO

R

 
2 

pr
io

r 
do

se
s

37
 (

9.
4)

31
 (

11
.7

)
6 

(4
.7

)
2.

72
 (

1.
10

–6
.7

2)
3.

07
 (

1.
22

–7
.7

8)

G
ra

vi
di

ty

 
Pr

im
ig

ra
vi

d
14

4 
(3

6.
5)

10
2 

(3
8.

5)
42

 (
32

.6
)

1.
30

 (
0.

50
–1

.2
0)

-

P
ar

it
y

 
Pr

im
ip

ar
ou

s
18

9 
(4

8.
0)

13
3 

(5
0.

2)
56

 (
43

.4
)

1.
31

 (
0.

86
–2

.0
1)

-

M
od

e 
of

 d
el

iv
er

y

 
V

ag
in

al
33

4 
(8

4.
8)

22
7 

(8
5.

7)
10

7 
(8

2.
9)

re
f

-

 
C

-s
ec

tio
n

60
 (

15
.2

)
38

 (
14

.3
)

22
 (

17
.1

)
0.

82
 (

0.
46

–1
.4

4)
-

D
at

a 
ar

e 
m

ed
ia

n(
IQ

R
),

 n
 (

%
),

 o
r 

va
lu

e 
(9

5%
 C

I)
 u

nl
es

s 
ot

he
rw

is
e 

sp
ec

if
ie

d

O
R

, u
na

dj
us

te
d 

od
ds

 r
at

io
 e

st
im

at
ed

 u
si

ng
 s

im
pl

e 
lo

gi
st

ic
 r

eg
re

ss
io

n 
w

he
re

 th
e 

ou
tc

om
e 

eq
ua

ls
 o

ne
 if

 th
e 

in
di

vi
du

al
 r

ec
ei

ve
d 

IP
P 

H
PV

 v
ac

ci
ne

aO
R

, a
dj

us
te

d 
od

ds
 r

at
io

 d
et

er
m

in
ed

 u
si

ng
 m

ul
tiv

ar
ia

te
 lo

gi
st

ic
 r

eg
re

ss
io

n 
ad

ju
st

in
g 

fo
r 

ra
ce

, l
an

gu
ag

e 
an

d 
m

ar
ita

l s
ta

tu
s

B
ol

d 
in

di
ca

te
s 

si
gn

if
ic

an
ce

 (
p<

0.
05

)

* A
ge

 c
on

si
de

re
d 

a 
co

nt
in

uo
us

 v
ar

ia
bl

e,
 p

er
 y

ea
r 

of
 a

ge
 in

cr
ea

se

□
O

th
er

 R
ac

e:
 A

m
er

ic
an

 I
nd

ia
n,

 A
si

an
, a

nd
 N

at
iv

e 
H

aw
ai

ia
n

‡ O
th

er
 la

ng
ua

ge
: A

ra
bi

c,
 T

ur
ki

sh
, C

hi
ne

se
, F

ar
si

, F
re

nc
h,

 P
as

ht
o,

 S
er

bi
an

, S
ig

n,
 S

w
ah

ili
, T

ig
ri

ny
a,

 V
ie

tn
am

es
e 

an
d 

H
in

di
.

Obstet Gynecol. Author manuscript; available in PMC 2021 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Avni-Singer et al. Page 16

Ta
b

le
 2

.

C
ha

ra
ct

er
is

tic
s 

of
 P

at
ie

nt
s 

w
ith

 1
2-

m
on

th
s 

Fo
llo

w
-u

p 
D

ue
 f

or
 A

dd
iti

on
al

 D
os

es
 o

f 
H

PV
 V

ac
ci

ne
 A

ft
er

 H
os

pi
ta

l D
is

ch
ar

ge
 a

nd
 A

ss
oc

ia
tio

n 
w

ith
 R

ec
ei

pt
 

of
 S

ub
se

qu
en

t O
ut

pa
tie

nt
 D

os
e,

 N
=

29
5

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll,

 N
= 

29
5

R
ec

ei
ve

d 
O

ut
pa

ti
en

t 
D

os
e,

 N
 =

 1
43

D
id

 N
ot

 R
ec

ei
ve

 O
ut

pa
ti

en
t 

D
os

e,
 N

=1
52

O
R

aO
R

A
ge

, m
ed

ia
n 

(I
Q

R
),

 y
23

 (
21

–2
5)

23
 (

21
–2

5)
23

 (
21

–2
5)

0.
95

 (
0.

87
–1

.0
4)

*
-

R
ac

e,
 N

o.
 (

%
)

 
H

is
pa

ni
c

12
4 

(4
2.

0)
73

 (
51

.0
)

51
 (

33
.6

)
2.

60
 (

1.
15

–5
.9

0)
1.

83
 (

0.
63

–5
.3

4)

 
N

on
-H

is
pa

ni
c 

B
la

ck
79

 (
26

.8
)

30
 (

21
.0

)
49

 (
32

.2
)

1.
11

 (
0.

47
–2

.6
4)

1.
16

 (
0.

41
–3

.3
3)

 
N

on
-H

is
pa

ni
c 

W
hi

te
31

 (
10

.5
)

11
 (

7.
7)

20
 (

13
.2

)
R

ef
er

en
t

 
N

on
-H

is
pa

ni
c 

O
th

er
□

41
 (

13
.9

)
18

 (
12

.6
)

23
 (

15
.1

)
1.

42
 (

0.
54

–3
.7

1)
2.

01
 (

0.
51

–7
.9

2)

 
M

ul
ti-

ra
ce

16
 (

5.
4)

8 
(5

.6
)

8 
(5

.3
)

1.
82

 (
0.

53
–6

.1
9)

1.
33

 (
0.

33
–5

.4
8)

 
U

nk
no

w
n

4 
(1

.4
)

3 
(2

.1
)

1 
(.

7)
-

-

L
an

gu
ag

e,
 N

o.
 (

%
)

 
E

ng
lis

h
18

0 
(6

1.
0)

80
 (

55
.9

)
10

0 
(6

5.
8)

R
ef

er
en

t

 
Sp

an
is

h
78

 (
26

.4
)

49
 (

34
.3

)
29

 (
19

.1
)

2.
11

 (
1.

22
–3

.6
4)

0.
98

 (
0.

47
–2

.0
8)

 
O

th
er

‡
37

 (
12

.5
)

14
 (

9.
8)

23
 (

15
.1

)
0.

76
 (

0.
37

–1
.5

7)
0.

44
 (

0.
14

–1
.4

1)

M
ar

it
al

 S
ta

tu
s,

 N
o.

 (
%

)

 
Si

ng
le

21
6 

(7
3.

2)
10

4 
(7

2.
7)

11
2 

(7
3.

7)
R

ef
er

en
t

-

 
M

ar
ri

ed
68

 (
23

.1
)

31
 (

21
.7

)
37

 (
24

.3
)

0.
90

 (
0.

52
–1

.5
6)

-

 
O

th
er

7 
(2

.4
)

7 
(4

.9
)

0 
(.

0)
-

-

 
U

nk
no

w
n

4 
(1

.4
)

1 
(.

7)
3 

(2
.0

)
-

-

In
su

ra
nc

e,
 N

o.
 (

%
)

 
Pr

iv
at

e
11

 (
3.

7)
6 

(4
.2

)
5 

(3
.3

)
1.

45
 (

0.
42

–4
.8

9)
-

 
Pu

bl
ic

22
3 

(7
5.

6)
10

1 
(7

0.
6)

12
2 

(8
0.

3)
R

ef
er

en
t

-

 
U

ni
ns

ur
ed

61
 (

20
.7

)
36

 (
25

.2
)

25
 (

16
.4

)
1.

74
 (

0.
98

–3
.0

9)
-

Sm
ok

in
g 

H
is

to
ry

, N
o.

 (
%

)

 
N

ev
er

 s
m

ok
ed

22
5 

(7
6.

3)
11

6 
(8

1.
1)

10
9 

(7
1.

7)
R

ef
er

en
t

-

 
Pa

st
 o

r 
cu

rr
en

t s
m

ok
er

66
 (

22
.4

)
26

 (
18

.2
)

40
 (

26
.3

)
0.

61
 (

0.
35

–1
.0

7)
-

 
U

nk
no

w
n

4 
(1

.4
)

1 
(.

7)
3 

(2
.0

)
-

-

G
ra

vi
di

ty
, N

o.
 (

%
)

 
Pr

im
ag

ra
vi

d
10

8 
(3

6.
6)

60
 (

42
.0

)
48

 (
31

.6
)

1.
57

 (
0.

97
–2

.5
2)

-

Obstet Gynecol. Author manuscript; available in PMC 2021 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Avni-Singer et al. Page 17

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll,

 N
= 

29
5

R
ec

ei
ve

d 
O

ut
pa

ti
en

t 
D

os
e,

 N
 =

 1
43

D
id

 N
ot

 R
ec

ei
ve

 O
ut

pa
ti

en
t 

D
os

e,
 N

=1
52

O
R

aO
R

P
ar

it
y,

 N
o.

 (
%

)

 
Pr

im
ip

ar
ou

s
14

1 
(4

7.
8)

73
 (

51
.0

)
68

 (
44

.7
)

1.
29

 (
0.

81
–2

.0
4)

-

M
od

e 
of

 d
el

iv
er

y,
 N

o.
 (

%
)

 
V

ag
in

al
25

5 
(8

6.
4)

12
2 

(8
5.

3)
13

3 
(8

7.
5)

R
ef

er
en

t
-

 
C

-s
ec

tio
n

40
 (

13
.6

)
21

 (
14

.7
)

19
 (

12
.5

)
1.

20
 (

0.
62

–2
.3

5)
-

IP
P

-H
P

V
 V

ac
ci

ne
, N

o.
 (

%
)

 
IP

P 
D

os
e 

N
ot

 G
iv

en
10

6 
(3

5.
9)

30
 (

21
.0

)
76

 (
50

.0
)

R
ef

er
en

t

 
IP

P 
D

os
e 

G
iv

en
18

9 
(6

4.
1)

11
3 

(7
9.

0)
76

 (
50

.0
)

3.
76

 (
2.

26
–6

.2
9)

3.
14

 (
1.

71
–5

.7
7)

P
os

tp
ar

tu
m

 V
is

it
s 

A
tt

en
de

d
3.

16
 (

2.
30

–4
.3

5)
2.

88
 (

2.
08

–3
.9

9)

 
M

ed
ia

n 
nu

m
be

r 
(I

Q
R

)
1(

1–
2)

2 
(1

–2
)

1 
(0

–1
)

D
at

a 
ar

e 
m

ed
ia

n(
IQ

R
),

 n
 (

%
),

 o
r 

va
lu

e 
(9

5%
 C

I)
 u

nl
es

s 
ot

he
rw

is
e 

sp
ec

if
ie

d

O
R

, u
na

dj
us

te
d 

od
ds

 r
at

io
 e

st
im

at
ed

 u
si

ng
 s

im
pl

e 
lo

gi
st

ic
 r

eg
re

ss
io

n 
w

he
re

 th
e 

ou
tc

om
e 

eq
ua

ls
 o

ne
 if

 th
e 

in
di

vi
du

al
 r

ec
ei

ve
d 

su
bs

eq
ue

nt
 o

ut
pa

tie
nt

 d
os

es
 o

f 
H

PV
 v

ac
ci

ne

aO
R

, a
dj

us
te

d 
od

ds
 r

at
io

 d
et

er
m

in
ed

 u
si

ng
 m

ul
tiv

ar
ia

te
 lo

gi
st

ic
 r

eg
re

ss
io

n 
ad

ju
st

in
g 

fo
r 

ra
ce

, l
an

gu
ag

e 
an

d 
m

ar
ita

l s
ta

tu
s

B
ol

d 
in

di
ca

te
s 

si
gn

if
ic

an
ce

 (
p<

0.
05

)

* A
ge

 c
on

si
de

re
d 

a 
co

nt
in

uo
us

 v
ar

ia
bl

e,
 p

er
 y

ea
r 

of
 a

ge
 in

cr
ea

se

□
O

th
er

 R
ac

e:
 A

m
er

ic
an

 I
nd

ia
n,

 A
si

an
, a

nd
 N

at
iv

e 
H

aw
ai

ia
n

‡ O
th

er
 la

ng
ua

ge
: A

ra
bi

c,
 T

ur
ki

sh
, C

hi
ne

se
, F

ar
si

, F
re

nc
h,

 P
as

ht
o,

 S
er

bi
an

, S
ig

n,
 S

w
ah

ili
, T

ig
ri

ny
a,

 V
ie

tn
am

es
e 

an
d 

H
in

di
.

Obstet Gynecol. Author manuscript; available in PMC 2021 November 01.


	Abstract
	Precis:
	Introduction
	Methods
	Results
	Discussion
	References
	Figure 1:
	Table 1.
	Table 2.

