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Background: Millions of women in the United States receive cer-
vical screening in sexually transmitted disease (STD), family plan-
ning, and primary care clinical settings.

Objective: To inform current cervical screening programs.

Design: Measurement of abnormal Papanicolaou (Pap) tests and
high-risk human papillomavirus (HPV) infection among demo-
graphically diverse women who received routine cervical screening
from January 2003 to December 2005 in the United States.

Setting: 26 STD, family planning, and primary care clinics in 6 U.S.
cities.

Patients: 9657 women age 14 to 65 years receiving routine cer-
vical screening.

Measurements: Pap test results and high-risk HPV prevalence by
Hybrid Capture 2 assay (Digene, Gaithersburg, Maryland).

Results: Among 9657 patients, overall high-risk HPV prevalence by
Hybrid Capture 2 testing was 23% (95% CI, 22% to 24%).
Prevalence was highest among women age 14 to 19 years (35%

[CI, 32% to 38%]) and lowest among women age 50 to 65 years
(6% [CI, 4% to 8%]). Prevalence by clinic type (adjusted for age
and city) ranged from 26% (CI, 24% to 29%) in STD clinics to
17% (CI, 16% to 20%) in primary care clinics. Women younger
than 30 years of age whose Pap test showed atypical squamous
cells of undetermined significance had a high-risk HPV prevalence
of 53%; women 30 years of age or older with normal Pap tests
had a 9% prevalence. Values did not vary substantially by clinic
type.

Limitation: Hybrid Capture 2 and Pap testing were noncentralized,
and consent was required for enrollment.

Conclusion: High-risk HPV was widespread among women receiv-
ing cervical screening in the United States. Many women 30 years
of age or older with normal Pap tests would need follow-up if
Hybrid Capture 2 testing is added to cytology screening.
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Broadly based cervical screening programs in the United
States, which are typically administered in primary or

family planning medical care settings or selected sexually
transmitted disease (STD) clinics, are aimed at detecting
and treating cervical cytologic abnormalities. In these pro-
grams, Papanicolaou (Pap) tests are used to detect precan-
cerous lesions early and prevent invasive cervical cancer.
The programs have decreased the annual number of cervi-
cal cancer cases to approximately 11 892 and decreased
deaths to 3850 in 2004 (1). Current guidelines from the
U.S. Preventive Services Task Force (USPSTF) (2), Amer-
ican Cancer Society (ACS) (3), and American College of
Obstetricians and Gynecologists (ACOG) (4) recommend
that women start cervical screening with Pap tests at 21
years of age (or within 3 years of initiating sexual activity)
and get screened at least every 3 years up to age 65 years
(USPSTF) or 70 years (ACS); ACOG does not specify an
upper age limit.

Persistent cervical infection with oncogenic, or
high-risk, types of human papillomavirus (HPV) is a
necessary but not sufficient causal agent of cervical can-
cer (5); high-risk HPV types (most commonly, type 16)
have been identified in more than 99% of cases of cer-
vical cancer (6). Cervical screening programs historically
used Pap testing alone; however, high-risk HPV DNA
testing with the commercially licensed Hybrid Capture
2 assay (Digene, Gaithersburg, Maryland) has been sug-

gested for use in 2 specific scenarios in an effort to
improve screening and management. The first and most
common use is for triage of women whose Pap tests
show atypical squamous cells of undetermined signifi-
cance (ASC-US), in a strategy known as reflex testing
(with referral of Hybrid Capture 2–positive women for
colposcopy). The second and more recent recommenda-
tion is as a co-test for routine cervical screening in
women age 30 years or older, regardless of Pap test
results (with repeated Pap and Hybrid Capture 2 testing
recommended in the event of normal Pap test results
and positivity for high-risk HPV). The American Soci-
ety for Colposcopy and Cervical Pathology (ASCCP)
and ACOG make recommendations for reflex testing
in cervical screening, and ACS, ACOG, and ASCCP
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have recommendations for co-testing; in contrast, the
USPSTF issued an “I” statement (insufficient evidence)
regarding the use of any Hybrid Capture 2 testing in
cervical screening.

Recently, the ASCCP eliminated its recommendation
for Hybrid Capture 2 testing in women younger than age
21 years because of the high prevalence and short duration
of high-risk HPV infection in this group (7). It also
changed the follow-up period for women older than age 30
years with normal Pap tests and positive Hybrid Capture 2
tests from the previously recommended 6 to 12 months to
a definitive 12 months. Lack of broad-based data on Pap
test results and high-risk HPV infection (as detected by
Hybrid Capture 2 testing) has severely hampered appro-
priate policy analyses of screening guidelines and has led
to differences in recommendations across policy-making
bodies.

The HSS (HPV Sentinel Surveillance) project en-
rolled women attending 26 STD, family planning, and
primary care clinics in 6 U.S. cities from January 2003
to December 2005. The HSS project was designed to
measure the burden of high-risk HPV infection and ab-
normal Pap test results in the U.S. cervical screening
population by using broad sampling and standardized
protocols. The HSS project is one of the largest U.S.
studies to describe the high-risk HPV prevalence in de-
mographic groups in the diverse cervical screening pop-
ulation and to inform clinicians about what can be ex-
pected from using HPV testing along with Pap testing,
as suggested by current guidelines.

METHODS

Study Sites and Enrollment Criteria
Investigators for the HSS project from 6 cities (Bos-

ton, Massachusetts [including 2 clinics in Fitchberg and
Springfield, Massachusetts]; Baltimore, Maryland; New
Orleans, Louisiana; Denver, Colorado; Seattle, Washing-
ton; and Los Angeles, California) enrolled women from 26
clinics beginning in January 2003. Clinics included 8 STD
clinics, 10 family planning clinics, and 8 primary care clin-
ics. Clinics of each type were present in each city. We
standardized enrollment, data collection, and laboratory
testing methods by using a common protocol.

We invited women attending the clinics to enroll if
they were 18 to 65 years of age and eligible for a routine
cervical screening test (minimum of 12 months since their
last Pap test). One clinic in Baltimore and 1 in Denver also
enrolled adolescents age 14 to 17 years, a sexually active
population. We excluded women who had had hysterec-
tomy, those with a history of treatment on the cervix dur-
ing the previous 12 months, and those who were currently
menstruating or pregnant. This analysis includes data
on women enrolled into the HSS project between 1
January 2003 and 31 December 2005 (1 January 2003
and 31 July 2005 for the New Orleans data because of
Hurricane Katrina).

Data and Specimen Collection
We collected demographic information by administer-

ing a questionnaire; race and ethnicity data were collected
on the basis of the enrollee’s self-report. All women who
did not self-identify as white, African American, Asian,
Pacific Islander, American Indian, Alaskan Native, or mul-
tiracial were included in the “unknown” category. The
HSS project staff abstracted medical record data (including
Pap test results) from the medical charts.

Providers collected cervical samples for Pap testing at
the time of pelvic examination by using the device and
method (conventional or liquid-based) in routine use at
each clinic. Local cytopathologists interpreted all cytology
specimens by using Bethesda 2001 guidelines (normal,
ASC-US, atypical squamous cells—cannot exclude high-
grade squamous intraepithelial lesions [ASC-H], low-grade
squamous intraepithelial lesions [LSIL], high-grade squa-
mous intraepithelial lesions [HSIL], atypical glandular cells
[AGC], and adenocarcinoma in situ [AIS]). Clinic provid-
ers collected a second sample of cervical ecto- and endo-
cervical cells by using the Digene Cervical Sampler (Di-
gene cervical brush and specimen transport medium;
Digene, Gaithersburg, Maryland); this second sample was
tested for high-risk HPV DNA by both Hybrid Capture 2
assay and L1 consensus polymerase chain reaction (PCR).

Thirteen human subjects committees (12 at local in-
stitutions and 1 at the Centers for Disease Control and
Prevention [CDC]) reviewed and approved the study pro-
tocol. All women provided written informed consent be-
fore enrollment. All providers received the results of Hy-

Context

Some cervical cancer screening programs use reflex test-
ing, performing tests for high-risk human papillomavirus
(HPV) only after abnormal Papanicolaou (Pap) tests to
guide colposcopy decisions. Others perform both tests
in women 30 years of age or older (co-testing) and repeat
testing if either result is abnormal. Lack of data limits anal-
ysis of the usefulness of different screening strategies.

Contribution

The Pap and high-risk HPV tests in 9657 women in 26
sexually transmitted disease, family planning, and primary
care outpatient clinics from 2003 to 2005 showed that
23% were positive for high-risk HPV. Among women
older than 30 years with normal Pap tests, 9% tested
positive for high-risk HPV.

Implication

These data suggest that many women older than 30 years
with normal Pap tests would require additional follow-up
in programs that co-test with HPV testing and cytology.

—The Editors

Article HPV Infection and Cytology in Cervical Cancer Screening

494 1 April 2008 Annals of Internal Medicine Volume 148 • Number 7 www.annals.org

Downloaded From: http://annals.org/ by a Penn State University Hershey User  on 03/05/2016



brid Capture 2 testing and referred patients for further
medical care on the basis of practices at the individual
clinics. The HSS project investigators created counseling
messages for use in reporting Hybrid Capture 2 and Pap
test results to enrollees by consensus, on the basis of mes-
sages developed by the American Social Health Association
and the most current guidelines available at the time (8).

Laboratory Testing
Investigators tested the samples for high-risk HPV

DNA at 7 local laboratories in the 6 cities by using the
Hybrid Capture 2 high-risk probe according to manufac-
turer instructions. The Hybrid Capture 2 high-risk probe
gives a positive result in the presence of any 1 of 13 high-
risk HPV types (types 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, or 68); however, individual HPV types are not
identified.

Before Hybrid Capture 2 testing, we removed an ali-
quot from each cervical sample and sent it to CDC for
HPV detection and typing based on L1 consensus PCR
and the prototype Roche line blot assay (reagents provided
by Roche Molecular Systems, Pleasanton, California). We
provide only the results of Hybrid Capture 2 testing here;
the results of PCR testing will be reported separately.

Statistical Analysis
We determined high-risk HPV prevalence by using

Hybrid Capture 2 testing and calculated 95% CIs by using
the binomial method. We calculated high-risk HPV prev-
alence by age, race, ethnicity, clinic type, city, and Pap test
result, and age-adjusted prevalence by race, ethnicity, city,
and clinic type. Prevalence data by Pap test result were
stratified, not adjusted, for age (by groupings according to
cervical screening recommendations) to report the ob-
served prevalence in these categories.

We indirectly standardized our findings by using the
total number of persons entered in the HSS project from
all cities as the standard population. We calculated esti-
mates of HPV prevalence per 100 persons by city (adjust-
ing for age and clinic type), and by clinic type (adjusting
for age and city). We assumed that the number of high-risk
HPV cases followed a binomial distribution. We then cal-
culated 95% CIs for these estimates (9). All analyses were
performed in SAS, version 9.1 (SAS Institute, Cary, North
Carolina).

Role of the Funding Source
All funding for this project was provided by CDC,

Atlanta, Georgia. The funding source was involved in the
design, conduct, and reporting of the study, as well as the
decision to submit this manuscript for publication.

RESULTS

Study Population
Between 1 January 2003 and 31 December 2005,

10 427 women from all cities were eligible to enroll in the
HSS project; only 219 (2%) declined. Of the 10 208

women who enrolled, we excluded 551 records from the
analysis (5%) because of invalid HPV DNA test results
(either Hybrid Capture 2 or PCR): 236 (2%) had invalid
results on both Hybrid Capture 2 and PCR, 298 (3%) had
invalid PCR results alone, and 17 (0.2%) had invalid Hy-
brid Capture 2 results alone. Among the 253 invalid Hy-
brid Capture 2 results, all were missing valid result data.
The 9657 women with valid Hybrid Capture 2 and PCR

Table 1. Prevalence of High-Risk Human Papillomavirus, by
Demographic Characteristics and Cytology Results*

Characteristic Enrollees,
n (%)

High-Risk HPV
Prevalence
(95% CI), %†

Total 9657 (100) 23 (22–24)

Age group
14–19 y 1240 (13) 35 (32–38)
20–29 y 4605 (48) 29 (28–30)
30–39 y 2016 (21) 13 (12–15)
40–49 y 1248 (13) 11 (9–13)
50–65 y 548 (6) 6 (4–8)

Race
White 4642 (48) 23 (22–24)
African American 2438 (25) 25 (23–27)
Asian or Pacific Islander 957 (10) 17 (15–20)
American Indian or

Alaskan Native
180 (2) 25 (19–32)

Multiracial 212 (2) 32 (25–38)
Unknown 1228 (13) 20 (17–22)

Ethnicity
Hispanic 2290 (24) 20 (19–22)
Non-Hispanic 7259 (75) 24 (23–25)
Unknown 108 (1) 21 (14–30)

Clinic type
Sexually transmitted

disease
3009 (31) 27 (26–29)

Family planning 3493 (36) 26 (25–28)
Primary care 3155 (33) 15 (14–16)

City
Boston, Massachusetts 2048 (21) 22 (20–24)
Baltimore, Maryland 1388 (14) 23 (21–25)
New Orleans, Louisiana‡ 734 (8) 21 (18–24)
Seattle, Washington 1854 (19) 24 (22–26)
Denver, Colorado 1855 (19) 27 (25–29)
Los Angeles, California 1778 (18) 19 (17–21)

Cytology results
Normal 8055 (86) 17 (16–17)
ASC-US 722 (8) 44 (40–47)
ASC-H 34 (0.4) 56 (38–73)
LSIL 446 (5) 88 (85–91)
HSIL 54 (0.6) 91 (80–97)
AGC 29 (0.3) 17 (6–36)
AIS 1 (�0.1) 100 (3–100)

*AGC � atypical glandular cells; AIS � adenocarcinoma in situ; ASC-H �
atypical squamous cells—cannot exclude high-grade squamous intraepithelial le-
sion; ASC-US � atypical squamous cells of undetermined significance; HPV �
human papillomavirus; HSIL � high-grade squamous intraepithelial lesion; LSIL
� low-grade squamous intraepithelial lesion.
† Prevalence based on Hybrid Capture 2 testing (Digene, Gaithersburg, Mary-
land).
‡ Enrollment was stopped in August 2005 because of Hurricane Katrina.
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results for high-risk HPV comprised the sample for analy-
sis.

Enrollment distribution across the 6 cities ranged from
734 to 2048 women (Table 1). About 61% of enrolled
women were younger than 30 years of age, and 48% were
white. Enrollment was equally distributed across STD and
primary care clinics (31% and 33%, respectively) but was
slightly higher in family planning clinics (36%). Only 26
(0.3%) enrollees were known to be HIV positive (either by
self-report or documentation in medical record). We did
not perform HIV testing on study participants as part of
the HSS project.

High-Risk HPV Prevalence
Overall prevalence of high-risk HPV was 23% (2202

of 9657 women); all reported figures for high-risk HPV
prevalence were obtained by Hybrid Capture 2 testing
(Table 1). Prevalence was highest among women 14 to 19
years of age (35%) and declined with increasing age; the
largest declines occurred between the 20- to 29-year and
30- to 39-year age groups and the 40- to 49-year and 50-
to 65-year age groups. Unadjusted high-risk HPV preva-
lence across racial groups ranged from 17% to 32%. After
age adjustment, we observed smaller differences in high-
risk HPV prevalence between white persons (22% [CI,
21% to 24%]), African-American persons (24% [CI, 22%
to 27%]), Asian persons and Pacific Islanders (23% [CI,
19% to 28%]), American Indians and Alaskan Natives
(23% [CI, 16% to 33%]), multiracial persons (32%
[CI, 24% to 44%]), and those of unknown race (20% [CI,
17% to 22%]). Unadjusted high-risk HPV prevalence was
slightly higher among those of non-Hispanic ethnicity; this
finding was also observed when age-adjusted prevalence in
Hispanic persons (20% [CI, 18% to 23%]) was compared
with that of non-Hispanic persons (24% [CI, 22% to
25%]). Of the 26 HIV-positive women enrolled, 12 (46%)
were also positive for high-risk HPV. Prevalence across cit-
ies ranged from 19% to 27%. Age- and city-adjusted prev-
alence of high-risk HPV was highest in STD clinics (26%

[CI, 24% to 29%]), followed by family planning clinics
(24% [CI, 22% to 26%]), and was lowest in primary care
clinics (17% [CI, 16% to 20%]) (Table 2).

Prevalence and Cervical Cytology
Approximately 14% of women had an abnormal Pap

test result on the day of study enrollment (Table 1). High-
risk HPV prevalence increased with increasing severity of
Pap test abnormalities. Women with normal Pap tests had
the lowest high-risk HPV prevalence (17%), but this sub-
group included the largest number of women who tested
positive for high-risk HPV by Hybrid Capture 2 (n �
1334). Women with LSIL had the second-largest number
of positive results (n � 394), followed by women with
ASC-US (n � 315). Women age 30 years or older had a
prevalence of lower high-risk HPV than women younger
than age 30 years for all Pap test result categories (Tables 3
and 4); this observation was consistent across STD, family
planning, and primary care clinics.

Prevalence in Selected Groups Recommended for Reflex
or Co-Testing
Women with ASC-US

Women 21 to 65 years of age whose Pap tests showed
ASC-US had a 38% prevalence of high-risk HPV by Hy-
brid Capture 2 testing. Among the 319 women age 21 to
29 years with ASC-US, 49% (155 of 319) tested positive
for high-risk HPV infection by Hybrid Capture 2 and
would be considered for colposcopy referral. Among
women age 14 to 20, 21 to 24, and 25 to 29 years who had
ASC-US, high-risk HPV prevalence by Hybrid Capture 2
testing was 62%, 50%, and 46%, respectively (Table 3).

Women Age 30 Years or Older with Normal Pap Test Results

Nine percent (304 of 3693) of women 30 years of age
or older with normal Pap test results had high-risk HPV
infection according to Hybrid Capture 2 testing (Table 4).
The range in this observed value across the 3 clinic types
was small (primary care, 8%; family planning, 9%; and

Table 2. Adjusted High-Risk Human Papillomavirus Prevalence, by City and Clinic Type*

City High-Risk HPV Prevalence (95% CI), %†

STD Clinics Family Planning
Clinics

Primary Care
Clinics

Overall Age-
and Clinic
Type–Adjusted
Prevalence

Boston, Massachusetts 20 (16–25) 24 (20–28) 8 (6–12) 19 (17–21)
Baltimore, Maryland 24 (19–30) 38 (30–49) 14 (11–18) 24 (21–28)
New Orleans, Louisiana 16 (6–37) 23 (17–30) 13 (10–17) 19 (15–22)
Seattle, Washington 30 (24–36) 28 (23–33) 14 (10–19) 24 (21–27)
Denver, Colorado 37 (31–44) 32 (25–40) 16 (13–21) 28 (25–32)
Los Angeles, California 25 (21–31) 20 (16–26) 22 (17–28) 23 (20–26)

Overall age- and city-adjusted prevalence 26 (24–29) 24 (22–26) 17 (16–20) 23 (22–24)†

*HPV � human papillomavirus; STD � sexually transmitted disease.
† Prevalence based on Hybrid Capture 2 testing (Digene, Gaithersburg, Maryland) in 9764 women.
‡ Unadjusted prevalence is presented.
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STD, 11%). The youngest women in this category, those
30 to 34 years of age, had the highest prevalence of high-
risk HPV (11%) of any age group (Table 3). Prevalence
remained 8% to 10% among women with normal Pap
tests through 54 years of age. High-risk HPV prevalence
was 4% among women 55 to 59 years of age, and no
high-risk HPV was detected among women 60 to 65 years
of age.

DISCUSSION

Our findings document the substantial number of
high-risk HPV infections that Hybrid Capture 2 testing
would detect among women presenting for cervical screen-
ing at STD, family planning, and primary care clinics in
the United States. The overall prevalence of 23% shown by
Hybrid Capture 2 testing and the large number of infec-
tions across demographic groups, clinic types, and cities is
indicative of the high prevalence of high-risk HPV (al-
though most infections will not result in cervical disease,
particularly among adolescents [10, 11]). Of age, race, eth-
nicity, clinic type, and city categories, high-risk HPV prev-
alence differed most by age (range, 6% to 35%). The ob-
served distribution of steadily decreasing high-risk HPV
prevalence across increasing age groups is consistent with
that observed in other studies in the United States and
other developed countries with cervical screening programs
(12). In contrast, other countries exhibited U-shaped prev-
alence curves or flat curves (that is, high HPV prevalence
with no decrease in older groups). Observed variations are
most likely due to differences in the availability of cervical
screening programs, in incidence of HPV infections, and
in sexual behaviors. In contrast to known epidemiologic
associations between race and other sexually transmitted
infections (13–15), the age-adjusted prevalence of high-risk

HPV infection did not vary substantially by race (range,
20% to 24%, excluding the prevalence of 32% observed
among multiracial women) or ethnicity (range, 20% to
24%) but did vary more by clinic type (range, 17% to
26%, adjusted for age and city). The range in prevalence
across cities was 19% to 28% (adjusted for age and clinic
type). Analyses are planned to further evaluate these ob-
served differences.

Our high-risk HPV prevalence estimates for women
age 20 to 29 years are higher than those reported from
ADHEALTH (National Longitudinal Study of Adolescent
Health) (20% vs. 29% in the HSS project) (16), and we
observed a higher overall prevalence of high-risk HPV than
that in NHANES (National Health and Nutrition Exam-
ination Survey) (15% among women age 14 to 59 years vs.
23% in the HSS project) (17). The highest prevalence re-
ported in NHANES was approximately 30% for women
20 to 24 years of age, whereas we observed the highest
prevalence (35%) in women 14 to 19 years of age. Differ-
ences in the age-specific prevalence of high-risk HPV
among the HSS project, ADHEALTH, and NHANES
samples are likely due to the different populations sampled
(the HSS project enrolled a higher proportion of sexually
experienced adolescent females and more sexually active
women in all age groups) and differing specimen types and
methods for specimen collection and HPV testing (Hybrid
Capture 2 testing of provider-collected cervical samples in
the HSS project, PCR testing of self-collected vaginal
swabs in NHANES, and urine-based PCR testing in
ADHEALTH).

Although African-American women and Hispanic
women account for a disproportionate burden of cervical
cancer cases and deaths in the United States compared
with white women and non-Hispanic women, respectively

Table 3. High-Risk Human Papillomavirus Prevalence, by Cytology Result*

Age Normal ASC-US ASC-H or AGC LSIL, HSIL, or AIS

Enrollees,
n (%)

High-Risk
HPV
Prevalence
(95% CI),
%†

Enrollees,
n (%)

High-Risk
HPV
Prevalence
(95% CI),
%†

Enrollees,
n (%)

High-Risk
HPV
Prevalence
(95% CI),
%†

Enrollees,
n (%)

High-Risk
HPV
Prevalence
(95% CI),
%†

14–20 y 1418 (15) 24 (22–27) 161 (2) 62 (54–70) 8 (�1) 63 (24–91) 180 (2) 92 (87–95)
21–24 y 1820 (19) 24 (22–26) 177 (2) 50 (43–58) 12 (�1) 67 (35–90) 159 (2) 92 (86–96)
25–29 y 1463 (16) 17 (15–19) 142 (2) 46 (38–55) 10 (�1) 60 (26–88) 98 (1) 89 (81–94)
30–34 y 989 (11) 11 (9–13) 83 (1) 34 (24–45) 6 (�1) 17 (�1–64) 25 (�1) 80 (59–93)
35–39 y 767 (8) 9 (7–11) 56 (1) 23 (13–36) 4 (�1) 0 (0–60) 13 (�1) 62 (32–86)
40–44 y 611 (7) 9 (7–12) 45 (�1) 27 (15–42) 10 (�1) 20 (3–56) 13 (�1) 77 (46–95)
45–49 y 476 (5) 10 (7–13) 35 (�1) 11 (3–27) 8 (�1) 13 (�1–53) 9 (�1) 67 (30–93)
50–54 y 267 (3) 8 (5–12) 15 (�1) 7 (�1–32) 4 (�1) 25 (1–81) 3 (�1) 67 (9–99)
55–59 y 167 (2) 4 (1–8) 7 (�1) 29 (4–71) 1 (�1) 0 (0–98) 1 (�1) 0 (0–98)
60–65 y 77 (1) 0 (0–5) 1 (�1) 0 (0–98) 0 (0) NA 0 (0) NA

Total 8055 (86) – 722 (8) – 63 (1) – 501 (5) –

* Based on data from 9341 women. AGC � atypical glandular cells; AIS � adenocarcinoma in situ; ASC-H � atypical squamous cells—cannot exclude high-grade
squamous intraepithelial lesion; ASC-US � atypical squamous cells of undetermined significance; HPV � human papillomavirus; HSIL � high-grade squamous intraepi-
thelial lesion; LSIL � low-grade squamous intraepithelial lesion; NA � not applicable.
† Percentage of total HPV Sentinel Surveillance project sample with Papanicolaou tests (9341 of 9657 women).
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(18), HSS project data do not demonstrate large differ-
ences in high-risk HPV prevalence across these racial or
ethnic groups after age adjustment. This suggests that dif-
ferential rates of cervical cancer may be due to differences
in the natural history of the infections across racial and
ethnic groups (19) or to differences in the diagnosis and
care of African-American and Hispanic women (20).

The distribution of Pap test results in the HSS project
and the prevalence of high-risk HPV shown by Hybrid
Capture 2 testing in each cytology category are consistent
with data presented in other published reports (21) and
higher than estimates from an unpublished report (high-
risk HPV prevalence of 3.8% in women age �30 years in
a managed care population) (Kinney W. Personal commu-
nication, 24 September 2007). Among women whose Pap
tests showed ASC-US, Hybrid Capture 2 testing showed
high-risk HPV infection in more than 50% of those
younger than 30 years and 25% of those age 30 years or
older. Previous cost analyses (based on prevalence estimates
similar to those in the HSS project) have demonstrated the
cost-effectiveness of reflex testing for high-risk HPV in
women with ASC-US (22). The HSS data indicate that
these observations can be extended to geographically and
racially and ethnically diverse clinic populations in the
United States.

We observed substantial high-risk HPV prevalence
(17%) among women with normal Pap test results. Among

those age 30 years or older who had normal Pap test re-
sults, high-risk HPV prevalence on Hybrid Capture 2 test-
ing was 9% (304 of 3354). Because this age group is tar-
geted for co-testing with Pap and Hybrid Capture 2
testing, our findings suggest that 8% (304 of 3693) of all
women age 30 years or older in the U.S. cervical screening
population would fall into this category (normal Pap test,
high-risk HPV–positive) and would be recommended for
repeated Pap and Hybrid Capture 2 testing in 12 months.
A recent study demonstrated the usefulness of HPV DNA
co-testing (with PCR) for Swedish women in their mid-30s
(23). Cost-effective analyses of HSS project data may be
used to inform the appropriateness of U.S. screening
guidelines regarding co-testing with Hybrid Capture 2 for
women at least 30 years of age with normal Pap test results.

The HSS project data may also be used to inform
decisions regarding appropriate age groups for reflex testing
with Hybrid Capture 2 among women with ASC-US. In
the HSS project, Hybrid Capture 2 testing demonstrated
high-risk HPV infection in half of women age 21 to 24
years (a group recommended for reflex testing), similar to
the prevalence observed among those age 14 to 20 years (a
group not recommended for reflex testing).

Hybrid Capture 2 testing demonstrates very low prev-
alence of high-risk HPV among women age 50 years or
older. Our data inform the appropriateness of cervical
screening and Hybrid Capture 2 testing of these women, in

Table 4. High-Risk Human Papillomavirus Prevalence, by Age, Clinic Type, and Cytology Result*

Clinic Type and
Cytology Result

Age <30 y Age >30 y

Women Tested, n High-Risk HPV
Prevalence (95%CI), %†

Women Tested, n High-Risk HPV
Prevalence (95% CI), %†

STD
Normal 1551 26 (24–28) 844 11 (9–13)
ASC-US 165 55 (47–62) 71 23 (13–34)
ASC-H or AGC 13 69 (39–91) 12 17 (2–48)
LSIL, HSIL, or AIS 150 92 (86–96) 25 76 (55–91)

Family planning
Normal 2091 23 (21–25) 783 9 (7–11)
ASC-US 234 52 (46–59) 56 30 (19–44)
ASC-H or AGC 9 78 (40–97) 4 25 (1–81)
LSIL, HSIL, or AIS 207 93 (89–96) 13 77 (46–95)

Primary care
Normal 1059 15 (13–17) 1727 8 (7–10)
ASC-US 81 53 (42–64) 115 23 (16–32)
ASC-H or AGC 8 38 (9–76) 17 12 (1–36)
LSIL, HSIL, or AIS 80 84 (74–91) 26 65 (44–83)

All types
Normal 4701 22 (21–23) 3354 9 (8–10)
ASC-US 480 53 (49–58) 242 25 (19–31)
ASC-H or AGC 30 63 (44–80) 33 15 (5–32)
LSIL, HSIL, or AIS 437 91 (88–94) 64 72 (59–82)

* AGC � atypical glandular cells; AIS � adenocarcinoma in situ; ASC-H � atypical squamous cells—cannot exclude high-grade squamous intraepithelial lesion; ASC-US
� atypical squamous cells of undetermined significance; HPV � human papillomavirus; HSIL � high-grade squamous intraepithelial lesion; LSIL � low-grade squamous
intraepithelial lesion; STD � sexually transmitted disease.
† Prevalence based on Hybrid Capture 2 testing (Digene, Gaithersburg, Maryland).
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whom colposcopy is difficult and the rate of cervical cancer
precursor lesions is low in countries with well-screened
populations (such as the United States). Of note, however,
only 6% of women (548 women) in the HSS project sam-
ple were 50 years of age or older.

An important finding was the similarity in high-risk
HPV prevalence on Hybrid Capture 2 testing in groups
recommended for reflex testing or co-testing across STD,
family planning, and primary care clinics. Despite pre-
sumptive differences in sexual risk among women attend-
ing these 3 clinic types and the observed 12–percentage
point difference in overall high-risk HPV prevalence be-
tween the clinic type with the lowest prevalence (15%) and
that with the highest prevalence (27%), the observed
ranges in prevalence of high-risk HPV among women rec-
ommended for co-testing (52% to 55%) and among
women recommended for reflex testing (8% to 11%) were
unexpectedly small across clinic types. These small differ-
ences suggest that prevalence in these specific groups may
not vary according to a woman’s sexual risk.

Enrollment in the HSS project required informed con-
sent. This did not seem to negatively affect enrollment,
because the overall refusal rate was low (2%). Laboratory
evaluations of Pap tests and Hybrid Capture 2 were not
centralized (7 different laboratories). However, all proto-
cols for specimen handling and data interpretation were
standardized across participating laboratories. Further-
more, Pap and Hybrid Capture 2 results in the HSS
project reflect real-world conditions of test performance
and interpretation. The HSS project was not population-
based, and our results cannot be generalized to the general
population of women in the United States; however, our
findings can be generalized to the millions of women re-
ceiving care in similar clinics throughout the country (the
cervical screening population).

Our findings demonstrate the widespread prevalence
of high-risk HPV among a group of women with a diverse
demographic composition. These data are important for
examining the strengths and weaknesses of various cervical
screening strategies and may have implications for the fu-
ture direction of cervical screening recommendations.
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