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a  b  s  t  r  a  c  t

Assessing  history  of  human  papillomavirus  (HPV)  vaccination  is  important  for  monitoring  vaccine  uptake,
impact,  and  effectiveness.  Based  on data  collected  from  1720  women  with  high-grade  cervical  lesions
reported  to  a statewide  surveillance  system  in  Connecticut,  we found  that available  medical  records  did
not contain  HPV  vaccination  information  for 34%  of  women,  and  43% of  women  could  not  be  reached
for  interview.  When  both  were  used  for data  collection,  concordance  of  vaccination  history  (83%)  and
sensitivity  of self-report  (96%)  were both  high.  Reviewing  medical  records  based  on  self-reported  infor-
eywords:
uman papillomavirus virus (HPV)
accination
accine effectiveness
accine impact
urveillance

mation  about  vaccine  providers  increased  confirmation  of  vaccination  histories  in  this  sample  by  18%.
The  vaccine  registry  in  Connecticut  is  not  currently  utilized  for HPV  vaccinations,  but  efforts  to  increase
use  for  adolescent  vaccines  could  be  useful  in  the  future  to overcome  limitations  of other  sources.

©  2014  Elsevier  Ltd. All  rights  reserved.
edical records

. Introduction

Vaccines that protect against infection with human papillo-
avirus (HPV) have been available since 2006 and are currently

ecommended for routine administration to females and males
ges 11 and 12 years along with catch-up or permissive recom-
endations to age 26 years. Assessing history of HPV vaccination

s important for monitoring vaccine uptake, impact, and effective-
ess [1]. A major challenge to assessing HPV vaccination histories

s the lack of systematic and centralized collection of this informa-
ion. Although state-based vaccine registries are available in the
nited States, they were established primarily for collecting child-
ood vaccine data. Other challenges include the broad range of
linical specialties including pediatrics, family medicine, internal
edicine, obstetrics and gynecology that may  provide vaccine due
o the current recommendations for routine vaccination of ado-
escents and catch-up vaccination for young adults [2,3]. Young
dults also tend to be highly mobile, making location of relevant
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ealth, and Susan Hariri PhD and Lauri Markowitz MD at Centers for Disease Control
nd Prevention.
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medical records potentially difficult. Therefore, we sought to eval-
uate sources of vaccination information among women diagnosed
with high-grade cervical lesions including medical records, patient
interviews, and vaccine registries in the first several years of vac-
cine availability (2008–2012). This evaluation was conducted as
part of the HPV-IMPACT monitoring system that was  established
in 2008 as a collaboration between the Centers for Disease Control
and Prevention (CDC) and five sites of the Emerging Infections Pro-
gram (EIP) network [4,5]. A goal of the EIP network is to assess the
public health impact of emerging and re-emerging infections and to
evaluate methods for their control and prevention. Specifically, the
purpose of HPV-IMPACT is to conduct population-based surveil-
lance for monitoring HPV vaccine impact on trends in high-grade
cervical lesions and HPV genotype distribution.

2. Materials and methods

In Connecticut, the EIP is a partnership between the state
Department of Public Health and Yale School of Public Health. Con-
necticut is the only HPV-IMPACT site conducting patient interviews
and thus was  selected for this analysis. Site-specific methods have
been previously described [6]. Briefly, in Connecticut, statewide

reporting of high-grade cervical lesions including cervical intraep-
ithelial neoplasia grade 2, 2/3, 3 and adenocarcinoma in situ was
mandated by the state health department for public health surveil-
lance in 2008 [7]. These diagnoses were selected because they are
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Table 1
Vaccination history in medical records and patients interviews (n = 1720).

Vaccination history Biopsy or vaccine
provider record
n (% of total)

Patient
interview
n (% of total)

Yes, at least 1 dose 330 (19%) 266 (15%)
No  795 (46%) 703 (41%)
Missing/unknown 581 (34%) 22 (1%)
Data  collection not done: record

not available or patient not
reachable

14 (1%) 729 (43%)

TOTAL 1720 1720

Table 2
Vaccination historya concordance between medical records and patient interviews
(n  = 991 of 1720 women  for whom data collection was completed by both sources).

Patient interview Biopsy or vaccine provider record review

Yes No Unknown Total

Yes 219 14 33 266
No  7 601 95 703
Missing/do not know 1 5 16 22
946 L.M. Niccolai et al. / Va

nown to be caused by HPV infections and therefore potentially
reventable by current vaccines and they are important precur-
ors to cervical cancer. All 34 pathology laboratories that process
iopsy specimens from Connecticut residents are currently in com-
liance with this requirement. Reports that include diagnostic and
atient demographic information are sent to the Yale office of the
T EIP who is authorized to conduct the surveillance on behalf of the
tate health department. For women aged 18–39 years residing in
ew Haven County, enhanced surveillance activities include medi-
al record reviews and patient interviews to collect HPV vaccination
istories and demographic and other health history information.
his age range was chosen because it is the group most affected
y high-grade cervical lesions. This project has been deemed pub-

ic health surveillance by university, state, and federal institutional
eview boards and thus exempt from the need for human subjects
pproval.

For enhanced surveillance, medical record reviews were
ttempted for all women at the offices of providers who  performed
he biopsy that resulted in the CIN2/3/AIS diagnoses (‘biopsy
rovider’). EIP staff contacted these providers to verify basic repor-
ing elements, obtain up-to-date patient contact information, and
eview patients’ medical records to ascertain HPV vaccination his-
ory. When the information was available, number of doses and
ates of vaccination were abstracted. If there was no mention
f HPV vaccination in the record, it was recorded as missing.
or the subset of women for whom there was a note that she
eceived vaccine elsewhere and the provider was mentioned (‘vac-
ine provider’), she was recorded as having receiving vaccine and
IP staff contacted the vaccine provider in the note to confirm sta-
us and dates. Similarly, EIP staff attempted telephone interviews
ith all patients to collect vaccination histories. Women  who were

eached were asked if they had received HPV vaccine, number
f doses, dates of vaccination (month and year), and where they
eceived vaccine. Six attempts are made to reach each case before
lassifying them as unreachable. For the subset of women who
eported a different vaccine provider from the biopsy provider, EIP
taff contacted those providers and reviewed those charts to verify
istory and dates of vaccination.

For the present analyses, we defined history of vaccination as
aving received at least one dose. Statistical analyses included
stimation of vaccination histories by each source separately and
omparison of the two sources with concordance, sensitivity, and
pecificity estimates. Because medical records are often considered
he gold standard for assessing vaccination histories, we estimated
he sensitivity and specificity of self-report for this measure. Sensi-
ivity was estimated as the percentage of women who had a history
f vaccination by medical record review that also self-reported vac-
ination history, and specificity was estimated as the percentage of
omen who did not have a history of vaccination by medical record

eview that also did not self-report vaccination history.

. Results

This analysis was restricted to all women reported to the
tatewide surveillance system for whom medical records had been
eviewed and/or patient interviews had been conducted between
anuary 1, 2008 and June 30, 2012 (n = 1720, 63% of all reported
ases). The mean age of the women was 26.9 ± 5.1 years and the
edian was 26 years. The majority of women had a diagnosis of CIN

 (65%), followed by CIN 3 (22%), CIN 2/3 (12%), and AIS (1%). Similar
nformation was  obtained by medical record review and interview

egarding the percentage who had a history of HPV vaccination with
t least one dose (19% by medical record, 15% by interview) and who
id not have a history of HPV vaccination (46% by medical record,
1% by interview) (Table 1). Differences emerged for ‘unknown’
TOTAL 227 620 144 991

a At least one dose.

and ‘missing’ categories. Vaccination history was often missing in
the medical records (34%) but rarely missing when women  were
interviewed (1%). However, many women could not be reached for
an interview (43%) in contrast to the small number of charts that
could not be reviewed (1%). Of the women with vaccination histo-
ries confirmed in medical records (n = 330), a majority (n = 280, 85%)
were obtained from biopsy provider records and the remainder
(n = 50, 15%) were obtained from a different vaccine provider iden-
tified by the patient during the interview. A majority of vaccinating
provider locations were obstetric/gynecology offices (73%). Other
vaccination locations included public/walk-in clinics (7%), college
or university health centers (7%), reproductive health centers (5%),
and pediatric offices (3%).

Concordance between medical records and patient interviews
is presented in Table 2. Among the 991 women for whom data
collection had been completed by both sources, results show
that 22% (n = 219) were concordant for vaccination history, 61%
(n = 601) were concordant for no vaccination history (overall con-
cordance 83%), 2% (n = 21) were discordant, and 15% (n = 150) were
unknown or missing from one or both sources. When interviews
are completed, the sensitivity of self-report was  96% (219/227) and
specificity was  97% (601/620). Including women for whom inter-
views could not be completed, the sensitivity of self-report was 66%
(219/330) and specificity was  76% (601/795).

Discussions with Connecticut Department of Public Health staff
in the Immunization Program revealed that the vaccine registry
is set up to accept adolescent vaccines but not populated or veri-
fied for children over 2 years of age because of language in statute
that authorizes the registry. Therefore, it does not currently contain
adolescent vaccines and no HPV vaccinations were recorded in the
state registry.

4. Discussion

Neither medical records, patient interviews, nor vaccine reg-
istries is a currently optimal method of obtaining HPV vaccination
histories because each has important limitations. Though concord-

ance of HPV vaccination history among young women is high
for medical records and patient interviews, use of these meth-
ods is challenged by the high frequency of missing data. Medical
records that were readily available to review were often missing
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accination information (34%), and many patients were not reached
or interview (43%). However, when both were used for data col-
ection, concordance was relatively high at 83%, and sensitivity of
nterview data (vs. record reviews as gold standard) was 96%. Using
atient interviews to ask about vaccine providers and subsequent
erification in those medical records provided 50 additional vac-
ination confirmations increasing the total number by 18%, from
80 to 330. The vaccine registry in CT currently does not include
dolescent vaccinations for HPV.

Obtaining vaccination histories from young women requires
ifferent resources depending on the method. Reviewing med-

cal records requires the cooperation of medical practices
nd providers. Interviews can be resource-intensive and time-
onsuming but the process can be streamlined by asking only
he minimal set of necessary questions. The process can be fur-
her streamlined if both sources can be used and interviews are
nly conducted for women when data cannot be obtained from
vailable records. For this particular project in which all women
ad been diagnosed with high-grade cervical lesions, conducting

nterviews soon after diagnosis may  further increase yield. Post
oc analyses revealed that interviews were conducted on aver-
ge 20 months after the diagnosis and that interviews attempted
ithin 6–12 months following diagnosis date resulted in the high-

st completion (68%) compared to those attempted >12 months
ollowing diagnosis (50%). Of note, these data were collected as
art of statewide surveillance and mandatory reporting of high-
rade cervical lesions [7]; this likely increased our ability to collect
nformation from both sources.

The relative utility of medical records, patient interviews, and
accine registries may  change over time. Available medical records
f young adult women, likely to be obstetric or gynecology records,
ay  become less useful as more adolescents are vaccinated by

ediatricians. It is also worth noting that collecting data about
oung men  who are now also recommended to receive HPV vac-
ination may  be even more difficult due the lower frequency with
hich they seek reproductive health care or have a medical home.

nterview data may  become less reliable as time since vaccination
ncreases for young adults who may  have been vaccinated during
dolescence.

The use of vaccine registries that do not depend on knowing the
accination provider or patient recall could mitigate these potential
roblems but are currently not available in many areas including
onnecticut. Though some registries have been expanded beyond

hildren and these may  become more complete over time, the qual-
ty and completeness of reporting face many current challenges.
irst, not all states have legal authorization for registries to col-
ect data on children once they are of school age. In addition to

[
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challenges with legal authorization, registries would need to be
populated; for HPV vaccination, birth registries that are typically
used may  not be a useful source for adolescents. Finally, once
populated, providers need to report to the registry. While pedia-
tricians are accustomed to this process, other providers who  may
administer HPV vaccinations (e.g., gynecologists) may  be less so.
Implementation of comprehensive school-based vaccination pro-
grams as has been done in some countries (e.g., Australia) could also
help with assessing vaccination histories but this is not currently
being considered in the US on a broad scale.

5. Conclusion

The ability to assess HPV vaccination histories will become
increasingly important as impact and effectiveness studies are done
to evaluate vaccine policy and programs. This analysis addresses
some issues in the early years of vaccine availability in the United
States. Efforts to improve registries for adolescent vaccines will
be useful to overcome significant limitations of missing data from
other sources of vaccine history.
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