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Abstract

As immunization programs for human papillomavirus (HPV) are implemented more widely
around the world, interest is increasing in measuring their impact. One early measurable impact of
HPV vaccine is on the prevalence of specific HPV types in a population. In low-resource settings,
a potentially attractive strategy would be to monitor HPV prevalence using clinical cervical cancer
screening test results to triage specimens for HPV typing. We assessed this approach in a
nationally representative population of U.S. females aged 14-59 years. Using self-collected
cervico-vaginal swab specimens from 4,150 women participating in the National Health and
Nutrition Examination Survey during 2003—-2006, we evaluated type-specific HPV prevalence
detected by the Roche linear array (LA) research test on all specimens, compared with type-
specific HPV prevalence detected by LA conducted only on specimens positive by the digene
hybrid capture 2 (HC-2) clinical test. We calculated weighted prevalence estimates and their 95%
confidence intervals (Cls), and examined relative type-specific HPV prevalence according to the
two testing approaches. The population prevalence of oncogenic HPV vaccine types 16/18 was
6.2% (C1:5.4-7.1) by LA if all specimens were tested, and 2.4% (C1:1.9-3.0) if restricted to
positive HC-2. Relative prevalence of individual HPV types was similar for both approaches.
Compared with typing all specimens, a triage approach would require testing fewer specimens, but
a greater reduction in HPV prevalence or a larger group of specimens would be needed to detect
vaccine impact. Further investigation is warranted to inform type-specific HPV monitoring
approaches around the world.
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Despite slow initial adoption of vaccines against human papillomaviruses (HPV), global
implementation of HPV immunization programs is likely to accelerate as vaccine prices
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decrease.12 One of the earliest measurable effects of these vaccines is expected to be a
reduced prevalence of HPV vaccine types (HPV types 6, 11, 16 and/or 18) detected in
cervico-vaginal specimens.2 While a variety of different study designs are being considered,
monitoring type-specific HPV prevalence is an early way to assess the impact of HPV
vaccine in a population, since reductions in cervical cancer or other HPV-related diseases
may not be detectable for years or even decades following vaccine introduction. Although
impact monitoring is not considered a precondition for HPV vaccine introduction,
demonstrating vaccine impact may help justify the use of funds for vaccination programs,
particularly in low-resource settings such as low or middle income countries or other
settings where resources are limited.* However, the optimal approaches to monitoring the
type-specific prevalence of HPV in a population after HPV vaccine implementation have not
been established.

Various testing methods exist for detecting HPV infections, and molecular tests for HPV are
available for either research or clinical use. It is important to note that the purposes of the
tests used in each of these two contexts differ substantially.> Generally, the goals of research
using HPV molecular tests are to understand natural history, risk factors and distribution of
HPV infection at the population level.® For this reason, HPV molecular tests used for
research have high analytic sensitivity and can be used to identify specific HPV types
present in a specimen. Commercially available research tests include Roche linear array
(LA) assay (Roche, Pleasanton, CA) and Innogenetics line probe assays (Innogenetics, Gent,
Belgium) for HPV genotyping, and others. In comparison, the goal of a clinical HPV
molecular test is to identify persons likely to have HPV-associated disease. For HPV testing,
clinical assays are approved by the U.S. Food and Drug Administration (FDA) based on
their ability to detect infections with oncogenic HPV types that have good correlation with
clinical cervical disease but lower sensitivity than the research assays; such tests are
designed for use in clinical laboratories and currently include digene hybrid capture 2
(HC-2) assay (Quiagen, Valencia, CA), Cervista HPV (Hologic, Bedford, MA) and cobas
HPV (Roche, Pleasanton, CA) tests.”~10 The U.S. Preventive Services Task Force recently
recommended the use of clinical HPV testing in combination with cervical cytology
(Papanicolau, or Pap smear) in women aged 30-65 years.11

In low-resource settings, a potentially attractive strategy for monitoring HPV vaccine impact
would involve using clinical HPV test results from cervical cancer screening specimens.
Clinical HPV tests such as HC-2, or careHPV, which was modeled on HC-2 and developed
specifically for use in low-resource settings, do not provide type-specific results, and so
positive specimens require additional testing to determine HPV type.1213 Working with an
existing program doing cervical cancer screening could have the advantages of supporting
cervical cancer screening, eliminating the added costs of collecting the initial specimen for
HPV testing, and reducing overall testing costs, since only a subset of samples would
require additional HPV testing.

In the USA, HPV prevalence has been measured using both clinical and epidemiologic
research tests since 2003 as part of the National Health and Nutrition Examination Survey
(NHANES).14 NHANES examines a nationally representative sample of U.S. civilians. As
part of the survey, both the LA research test and the HC-2 clinical test are performed on
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cervico-vaginal specimens. We used this convenient dataset to analyze whether clinical
HPV test results might be able to play a useful role in monitoring HPV vaccine impact.

To do so, we evaluated the type-specific HPV prevalence detected by the LA research test
on all specimens, compared with the type-specific HPV prevalence detected by LA only on
specimens that were positive by the HC-2 clinical test. We also examined relative type-
specific HPV prevalences according to these two testing approaches.

Study population and data collection

NHANES is an ongoing series of cross-sectional surveys that use a complex, multistage,
probability sample design with unequal probabilities of selection to obtain a nationally
representative sample of the non-institutionalized civilian population in the USA. NHANES
methodology has been described in detail elsewhere.14 Our study included females aged 14—
59 years who participated in NHANES during 2003-2006.

Informed consent was obtained from all participants, and parental permission was received
for persons <18 years old. Human subjects approval was given by the National Center for
Health Statistics (NCHS) research ethics review board.

Participants had a household interview to ascertain demographic information including age,
marital status, race/ethnicity, income and education. In a mobile examination center,
participants also answered a sexual behavior questionnaire administered in a private room
using an audio computer-assisted self-interview in English or Spanish. Those who reported
ever having sex (vaginal, anal or oral) were asked additional sexual history questions,
including numbers of sex partners and age at first sex. Cervico-vaginal swabs were self-
collected and submitted for laboratory testing.

Laboratory methods

In order to isolate HPV DNA from cervico-vaginal swab specimens, DNA extractions were
performed within 1 month of specimen collection using modified QIAmp Mini Kit (Qiagen,
Valencia, CA), as previously described.1>16 Extract (100 pL total volume) was tested
immediately or stored at —20° C. With every batch of specimens, one water blank was
processed through all steps of extraction to detect potential contamination. The same extract
was used for both the clinical and research HPV assays.

The clinical HC-2 assay is designed to detect any of the 14 HPV types known to be
oncogenic (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68), without indicating the
presence of any specific HPV type/s in the specimen.17:18 Of note, the HC-2 test includes
probes for only 13 types yet is considered cross-reactive with HPV type 66.1° The FDA-
approved format was modified to accommodate DNA extracts from self-collected cervico-
vaginal swabs. A 50 pL aliquot of extracted DNA was added to 200 uL physiological saline
and 125 pL denaturing solution from the HC-2 kit. Of this mixture, 75 pL was subjected to
the assay following the manufacturer’s protocol.
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The research use only LA genotyping assay uses PGMY09/11 L1 consensus PCR and
reverse line blot hybridization to detect any of 37 HPV types (6, 11, 16, 18, 26, 31, 33, 35,
39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81,
82, 83, 84, 89 and 1S39); results indicate whether each specific HPV type can be detected
within a specimen. Laboratory methods for the use of this test in NHANES have been
described previously.2°

Additional positive and negative control specimens were processed each time an assay was
performed. Women whose results for either LA or HC-2 tests were unavailable or
inadequate were excluded from this analysis.

Statistical methods

Results

We used data from NHANES to estimate the overall prevalence of oncogenic HPV types
detected by a positive HC-2 test according to selected demographic and sexual behavior
correlates. Weighted percentages and 95% confidence intervals (Cls) were calculated. We
compared the estimated HPV prevalence of oncogenic vaccine types (HPV 16 and 18),
vaccine types (HPV 6, 11, 16 and 18) and oncogenic types detectable by HC-2 (HPV 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) based on LA results from all specimens, or
LA on the subset of HC-2 positive specimens.

Prevalence estimates were weighted using 4-year weights constructed from the examination
weights provided by NCHS to account for the unequal probabilities of selection and
adjustment for non-response. Variance of the estimates was calculated using a Taylor series
linearization that incorporated the complex survey design. We used F-statistics transformed
from Wald y2 statistics to test bivariate associations between HC-2 test results and selected
characteristics. Any characteristic with a p-value <0.05 was considered statistically
significant. No adjustments were made for multiple comparisons. Estimates with relative
standard error >30% were considered unstable.

To compare the prevalence of oncogenic HPV detected by using LA on all specimens versus
only on the HC-2-positive subset, we plotted the relative prevalence for 14 oncogenic HPV
types, according to testing approach. The first testing approach was LA on all specimens.
The second testing approach was LA only on specimens that were positive by HC-2, so that
clinical test results were used as an initial triage for type-specific testing. To estimate the
reduction in the true population prevalence of HPV that would be needed to detect a
statistically significant difference by using each of these two testing approaches, with a
power of 0.8 and a Type | error rate of 0.05, we assumed that all participants would be
recruited using a convenience sampling strategy, and based our calculations on a sample size
of 4,150 subjects. Statistical analyses were conducted using SAS (version 9.1; SAS Institute,
Cary, NC, 2002) and SAS-callable SUDAAN (RTI, Research Triangle Park, NC).

During 2003-2006, 5,178 females aged 14-59 years were interviewed for NHANES; 4,990
(96.4%) then received an examination in the mobile examination center and 4,233 (81.7%)
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also submitted a self-collected cervico-vaginal swab. Eighty-three swabs gave inadequate
results in HPV DNA testing. Thus, we analyzed results from 4,150 women.

The HPV prevalence as detected by the HC-2 clinical test was 10.1% (CI: 8.8-11.6) for any
of 14 oncogenic HPV types. Demographic and behavioral characteristics of women with a
positive HC-2 test are reported in Table 1. Factors associated with HC-2 positivity,
including younger age, black or Hispanic race and higher numbers of recent or lifetime sex
partners, are consistent with those previously reported with LA.1%16 As reported elsewhere,
the overall population prevalence of any of 37 HPV types detected by the LA research test
was 42.5% (CI: 40.3-44.7).15

Population prevalences of specific HPV types by testing approach are presented in Table 2.
Based on LA testing of specimens, the prevalence of HPV oncogenic vaccine types (HPV 16
and 18) was 6.2% (Cl: 5.4-7.1), and for HPV vaccine types (HPV 6, 11, 16 and 18) it was
8.8% (CI: 7.8-10.0).18 The total prevalence of any oncogenic HC-2 HPV types (HPV 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) was 23.7% (CI: 21.6-26.0). When LA
typing was restricted to specimens with HC-2-positive results, the observed prevalence of
HPV oncogenic vaccine types was 2.4% (Cl: 1.9-3.0), and for HPV vaccine types it was
3.0% (CI: 2.5-3.6). The detected prevalence of any oncogenic HC-2 HPV types was 7.3%
(Cl: 6.4-8.2).

Relative type-specific HPV prevalences detected by LA based on all specimens on the
HC-2-positive subset of specimens are shown in Figure 1. In both testing approaches,
oncogenic HPV 16 was detected most commonly, followed by HPV 51. Although the
percentage of HPV infections detected was lower with the testing approach involving HC-2,
the relative type-specific prevalence (i.e., rank order of HPV types detected by LA) was
similar for both testing approaches, whether or not HC-2 result was used initially.

Discussion

Most studies investigating type-specific HPV prevalence have used PCR-based testing on all
specimens. We investigated using type-specific PCR testing only on specimens initially
positive by a clinical HPV test. Such a triage testing approach might be more compatible
with cervical cancer screening programs and could reduce costs by greatly reducing the
number of specimens requiring type-specific testing; however, it would detect fewer HPV
infections. In certain low-resource or other settings, this tradeoff in sensitivity may be
acceptable given that the relative HPV type-specific prevalences detected are comparable by
both approaches.

Compared with typing all specimens, a testing approach using a clinical test as an initial
triage would require typing fewer specimens, but would require a greater reduction in the
true population prevalence of HPV or else a larger group of specimens would be needed to
detect HPV vaccine impact after implementation. For example, we estimate that, in order to
have an 80% chance of detecting a significant reduction by using LA testing in two samples
of similar size, the true population prevalence of HPV 16/18 would need to decrease by at
least 24% (from 6.2 to 4.7% or lower). However, to detect a significant reduction by using
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the triage testing approach, the true population prevalence of HPV 16/18 would need to
decrease by at least 38% (from 2.4 to 1.5% or lower) or else it would be necessary to triage a
much larger group of specimens. In this analysis, if LA testing had been restricted to
specimens with an initially positive HC-2 test, nearly 90% of the specimens in this sample
would not have been tested by LA, with a corresponding reduction in reagent costs.

In some populations where HPV studies might be conducted (e.g., younger women; visitors
to sexually transmitted disease clinics), baseline HPV prevalence may be higher than in this
representative sample of the U.S. population, so decreases in HPV prevalence due to HPV
vaccination might be detectable with smaller sample sizes or a smaller decrease in
prevalence. Compared to testing all samples by LA, though, the triage approach would still
require a higher percentage reduction in HPV prevalence or larger sample sizes.
Furthermore, cervical cancer screening may not be recommended routinely in these
populations.

This report is also the first to use NHANES data to estimate that, nationally, one in 10 U.S.
women between the ages of 14-59 years is infected with at least one of 14 oncogenic HPV
types detectable by HC-2 on a self-collected cervico-vaginal swab. This prevalence is lower
than that detected by LA for the same HPV types in the same study population, as expected
based on the lower sensitivity of the HC-2 test compared to the LA test.”-21

Our analysis is subject to several limitations. First, U.S. NHANES data may not be
generalizable to low-resource settings in other countries. Where available, local or regional
data may be helpful, as HPV type distribution may vary by country and location. In addition,
studies with different sampling approaches, data collection strategies, or other design
differences, might produce different results. Second, biological specimens tested in
NHANES are self-collected cervico-vaginal swabs, rather than cervical specimens described
in the package insert instructions for clinical use of the HC-2 test, although other evaluations
have shown no significant differences in performance of self-collected versus clinician-
collected cervico-vaginal specimens with HPV assays including LA and HC-2.22:23 Third,
HC-2 is the only clinical test that is part of NHANES testing; other clinical tests for HPV
might result in different findings in our analysis. Of note, correlation with cervical
cytopathology or HPV-associated disease outcomes could not be measured as NHANES is a
cross-sectional survey that does not conduct Pap smear screening, collect cervical
specimens, or follow participants over time. However, results from other studies conducted
in primary care settings in the USA suggested that most women with detectable HPV
infections did not have current cervical disease indicated by any abnormal cytology findings
on a Pap screening test.24

These results indicate limitations in using clinical HPV tests to monitor population
prevalence of HPV infections following HPV vaccine implementation. A triage testing
approach might be more useful in settings where baseline HPV prevalence is high. Further
investigation is warranted to inform and improve type-specific HPV monitoring strategies
around the world.
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What’s new?

The impact of human papillomavirus (HPV) immunization on cervical cancer incidence
in populations of vaccinated women may not be apparent for decades, complicating
evaluation of the early effectiveness of HPV vaccination programs. Evidence presented
here indicates that it may be possible to do this by performing HPV-type analysis on
cervical specimens, since one of the earliest measurable effects of HPV vaccine in a
population should be a reduction in specific HPV types. The triage of cervical specimens
for HPV typing based on results of a clinical HPV test such as the digene hybrid capture
2 (HC-2) could complement existing cervical cancer screening programs and reduce
overall testing costs, and therefore may be appealing for use in low-resource settings.
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M Detected by LA conducted on all
specimens (without triage)

5 Detected by LA conducted on the subset
of specimens positive by HC-2 (with triage)

Population prevalence (%)
w

HPV-16 HPV-51 HPV-52 HPV-66 HPV-59 HPV-56 HPV-39 HPV-31 HPV-45 HPV-18 HPV-68 HPV-33 HPV-58 HPV-35

HPV type
Figure 1.

Population prevalence of 14 oncogenic HPV types, as detected by LA conducted without or
with triage by a positive HC-2 test among women aged 14-59 years—USA, 2003-2006.
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Demographic and behavioral characteristics of women aged 14-59 years with a positive HC-2 test for HPV—

USA, 2003-2006

Positive HC-2 test for HPV

Sample Prevalence
Characteristic size % (95% CI)
Total 4150  10.1(8.8-11.6)
Age (years)
14-29 2198 15.2 (13.3-17.3)
30-59 1952 7.6 (6.2-9.4)
Race/ethnicity
Non-Hispanic black 1134 142 (11.7-17.1)
Hispanic 991  10.5(7.8-14.1)
Other 320 10.2 (7.1-14.5)
Non-Hispanic white 1705 9.3(7.7-11.1)
Number of sex partnersin past year
3+ 246 23.1(17.4-30.1)
2 247  16.0 (12.3-20.5)
1 1983 8.4 (6.9-10.2)
0 434 85 (5.4-13.1)
Lifetime number of sex partners
=6 1141 12.7 (11.1-14.6)
3-5 902 11.4(9.0-14.2)
2 385  9.5(6.4-13.9)
1 709  5.8(4.1-8.2)
0 664 3.7 (2.0-6.7)
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Table 2

Population prevalence of HPV, as detected by LA conducted without or with triage by a positive HC-2 test
among women aged 14-59 years—USA, 2003-2006

Population prevalence Population prevalence
detected by LA conducted detected by LA conducted
on all specimens on the subset of specimens
(without triage) positive by HC-2 (with triage)
HPV types % (95% CI) % (95% ClI)
Oncogenic HPV vaccine types (HPV 16, 18) 6.2 (5.4-7.1) 2.4 (1.9-3.0)
HPV vaccine types (HPV 6, 11, 16, 18) 8.8 (7.8-10.0) 3.0 (2.5-3.6)
Oncogenic HPV types detected by HC-2 23.7 (21.6-26.0) 7.3(6.4-8.2)

(HPV 16, 18, 31, 33, 35, 39,
45,51, 52, 56, 58, 59, 66, 63)
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