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Background: Human papillomavirus
(HPV) infection has been strongly asso-
ciated with cervical carcinoma and its
cytologic precursors, squamous intra-
epithelial lesions (SIL). We investigated
the risk of SIL prospectively following
polymerase chain reaction (PCR)-
based DNA testing for a wide range of
genital HPV types in a cohort of ini-
tially cytologically normal women, to
clarify the role of HPV in the etiology
of SIL. Methods:Starting in April 1989,
17 654 women who were receiving rou-
tine cytologic screening at Kaiser Per-
manente (Portland, OR) were followed
for the development of incident SIL.
During follow-up, 380 incident case pa-
tients and 1037 matched control sub-
jects were eligible for this nested
case–control study. Cervical lavages
collected at enrollment and, later, at
the time of case diagnosis (or the cor-
responding time for selection of control
subjects) were tested for HPV DNA us-
ing a PCR-based method. The data
were analyzed as contingency tables
with two-sided P values or, for multi-
variable analyses, using odds ratios
(ORs) with 95% confidence intervals
(CIs). Results:In comparison with ini-
tially HPV-negative women, women
who tested positive for HPV DNA at
enrollment were 3.8 times (95% CI =
2.6–5.5) more likely to have low-grade
SIL subsequently diagnosed for the
first time during follow-up and 12.7
times more likely (95% CI = 6.2–25.9)
to develop high-grade SIL. At the time
of diagnosis, the cross-sectional associa-
tion of HPV DNA and SIL was ex-
tremely strong (OR = 44.4 and 95% CI
= 24.2–81.5 for low-grade SIL and OR

= 67.1 and 95% CI = 19.3–233.7 for
high-grade SIL). HPV16 was the virus
type most predictive of SIL, even low-
grade SIL. Conclusions:These findings
are consistent with the hypothesis that
HPV infection is the primary cause of
cervical neoplasia. Furthermore, they
support HPV vaccine research to pre-
vent cervical cancer and efforts to de-
velop HPV DNA diagnostic tests. [J
Natl Cancer Inst 1999;91:954–60]

Human papillomavirus (HPV) infec-
tion, measured by DNA testing of exfoli-
ated cervical cells, has been strongly and
consistently associated with cervical car-
cinoma (1) and its cytologic precursors,
squamous intraepithelial lesions (SIL)(2).
Based on all available laboratory and epi-
demiologic evidence, the association is
considered causal(3). Epidemiologic evi-
dence for an etiologic role for HPV has
come mainly from cross-sectional studies
and prevalent case–control investigations
[reviewed in(3)].

The few prospective studies [reviewed
in (3)] addressing whether HPV infection
predicts new SIL have been supportive
but limited. Reliable, sensitive HPV test-
ing methods, such as MY09*/MY11 con-
sensus primer polymerase chain reaction
(PCR) (4,5) and GP5+/ GP6+ general
primer PCR (6), which type the wide
range of genital HPVs, have only been
well standardized in the past few years
(7). By necessity, earlier studies used
HPV testing methods that had limited
sensitivity or detected only a few cancer-
associated types of HPV (mainly, type 16)
(8).

With increased standardization of HPV
DNA testing methods in the 1990s, reli-
able large-scale prospective data are now
emerging(9,10). However, we still lack
reliable estimates of the risk of incident
SIL following cervical HPV infection for
the many genital HPV types now known.
A very large study of thousands of
women is required to examine individual
HPV types in relation to subsequent risk
of SIL because a new diagnosis of SIL
occurs in only a few percentage of women
per year.

Accordingly, to investigate the etio-
logic role of HPV infection prospectively
in the early pathogenesis of cervical car-
cinoma, we undertook this incident case–
control study. The study was nested into a
5-year follow-up of 17 654 initially cyto-
logically normal women at Kaiser Perma-
nente (Portland, OR). Cervical cells col-

lected from study subjects at enrollment
(when all women were cytologically nor-
mal) were tested for the presence of HPV
DNA by a sensitive PCR-based method.
The results permitted us to examine the
prospective role of different HPV types in
predicting the full spectrum of cervical SIL
that developed in the large cohort popula-
tion. By taking another HPV test at case
diagnosis (or the comparable time at control
selection), we were also able to estimate
risks of SIL related to concurrent HPV de-
tection, as well as to combinations of HPV
positivity at enrollment and diagnosis.

SUBJECTS AND METHODS

Study Population

Between April 1989 and November 1990, 23 702
women aged 16 years or older, obtaining a routine
Pap smear at one of seven Kaiser Permanente gyne-
cology or health appraisal clinics in Portland, OR,
were recruited for a natural history study of HPV
and cervical neoplasia. More than 95% of eligible
women agreed to participate. At that time, Kaiser
Permanente was providing cytologic screening to a
demographically representative one quarter of adult
women in Portland (mainly middle-class, white
women), and the study clinics were performing
about half the Pap smears performed by the health
maintenance organization.

To examine risk factors for new (presumably first
ever) diagnosis of SIL, an incidence cohort was
formed. Women with a medical history of hysterec-
tomy or cervical SIL/cancer were excluded by re-
view of Kaiser Permanente surgery and pathology
records and by a self-administered questionnaire re-
turned by about 60% of the women. Women with
SIL diagnosed at the enrollment examination were
studied in a separate prevalent case–control study
(2). The remaining 17 654 women formed the inci-
dence cohort, designed to represent the general
population of women with no history or current evi-
dence of SIL(11).

Enrollment Examination

Conventional one-slide Pap smears, obtained with
the use of endocervical brushes and ectocervical
Ayre spatulas, were used to prepare the slides in
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accordance with the standard screening practice in
these clinics. A descriptive cytologic classification
scheme that predated the Bethesda System(12) was
used by the Kaiser cytopathology laboratory at that
time. Of the 14 possible diagnoses, only women
with diagnoses of “normal” or “benign reactive
atypia” were included in the incidence cohort, be-
cause these correspond to the negative screening di-
agnoses in the Bethesda System, i.e., “within normal
limits” and “benign cellular changes.”

Following the Pap smear, a 10-mL saline lavage
of the cervix(13)was collected from all participants.
Of the 10-mL cervical lavage, a 1-mL unprocessed
aliquot was frozen at −70 °C for PCR-based HPV
DNA testing.

Follow-up of the Incidence Cohort

By definition, the 17 654 women included in the
incidence cohort had normal cytologic diagnoses at
enrollment. Accordingly, they were followed pas-
sively (without any intervention to encourage their
return) by reviewing the computer-accessible re-
cords of their voluntary, routine Pap smear exami-
nations from enrollment until the end of December
1994. During that time, Kaiser Permanente was rec-
ommending yearly Pap smears, and many cohort
members complied. The mean frequency of Pap
smears during follow-up was 0.6 per woman per
year, with 22% of the women having none. The
youngest and oldest cohort members were the most
likely to be lost to follow-up.

Identification of Possible Case
Patients

All Pap smears were initially diagnosed with the
use of the local classification that we combined into
Bethesda System terminology. A possible incident
case was identified when a Pap smear result indi-
cated possible SIL, including a new diagnosis of
“severe reactive changes, possible dysplasia,” “dys-
plasia” (including “mild,” “moderate,” and “se-
vere”), or “carcinoma” during follow-up. Incident
carcinoma was not expected and only one possibly
invasive case (included as high-grade SIL in the
analysis) was observed in this generally low-risk and
well-screened cohort, despite the large number of
subjects.

Because microscopic evidence of SIL can be tran-
sient and diagnostically subtle, a number of criteria
were applied to study only incident, confirmed case
patients with SIL (including equivocal SIL, called
“atypical squamous cells of undetermined signifi-
cance” or ASCUS in the Bethesda System) in com-
parison to valid control subjects. The major steps in
case–control confirmation are outlined in Fig. 1 and
referred to in the sections below.

Initially, 770 possible case patients were enumer-
ated during follow-up. However, Kaiser Permanente
has a policy of a minimal 9-month gap between
two routine Pap smear examinations; thus, the 99
possible case patients who were diagnosed within
the first 9 months subsequent to enrollment were not
approached because they probably represented

prevalent abnormalities (Fig. 1). In addition, we
chose not to investigate the common and ambiguous
transition from the Kaiser Permanente diagnoses of
“benign reactive atypia” at enrollment to “severe
reactive atypia, possible dysplasia” at follow-up (n
4 101; Fig. 1) because misclassification between
these two pathologically adjacent, slightly abnormal
categories was likely(14).As a result of this choice,
the proportion of ASCUS and low-grade case pa-
tients with benign reactive atypia (rather than a to-
tally negative diagnosis) at enrollment was conser-
vatively biased to be small. The few instances were
down-graded case patients, resulting from pathology
review (see below) of initially more severe classifi-
cation of incident SIL diagnoses.

After these initial exclusions, a total of 570 prob-
able case patients remained (Fig. 1). Probable case
patients were met at their confirmatory colposcopy
appointment for collection of a repeat cervical la-
vage. The participation rate at the colposcopy visit was
lowered by many women who chose to have colpos-
copy performed outside Kaiser Permanente. A tele-
phone interview following the appointment was con-
ducted by a trained interviewer to elicit more detailed
information than the enrollment questionnaire on de-
mographic characteristics, Pap smear history, and re-
productive and sexual histories, by use of a formal,
previously validated epidemiologic questionnaire.

Control Subject Selection
Up to three control subjects were matched to each

probable case patient on two main variables: age (±5

Fig. 1. To study incident cases of squamous intraepithelial lesions (SIL), we
attempted to exclude individuals with past or current diagnoses of SIL or related
cervical treatments, using review of relevant computer files and patient charts, a
follow-up interview to the enrollment questionnaire, and strict pathology review
of all available cervical cytology and histology slides. The flow of exclusions

leading to the final analytic group of case patients is shown. *Final case patients
included nine from the original control group; seven patients with incident
atypical squamous cells of undetermined significance (ASCUS) and two patients
with incident low-grade SIL were discovered on pathology review. LSIL4

low-grade SIL; HSIL4 high-grade SIL
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years) and follow-up time (0–60 days longer than
the index case patient to ensure that control subjects
had at least as much time to develop SIL). We also
chose to match on three “nuisance” variables, which
proved however to be only weak confounding influ-
ences: enrollment clinic (gynecology versus lower-
risk health appraisal clinics performing only routine
screening), enrollment cytology diagnosis (normal
or benign reactive atypia), and return of the enroll-
ment questionnaire.

At identification of a probable case, a listing of
upcoming appointments of possibly eligible match-
ing control subjects from the incidence cohort was
generated by computer linkage with enrollment
files. For most case patients who did not have un-
usual matching factors, there were many possible
control subjects. To prevent a potential selection
bias, we did not contact possible control subjects in
any way to encourage their follow-up screening (be-
cause case patients had not been contacted prior to
completing their diagnostic appointments). When a
possible control subject did arrive and undergo fol-
low-up screening, she was approached for collection
of a cervical lavage (96% participation). As for the
case patients, telephone interviews were also used to
collect epidemiologic information. All participants
provided full, written informed consent. All key
study documents and protocols were approved by
the local Institutional Review Board of Kaiser Per-
manente.

Confirmation of Probable Case
Patients and Control Subjects

At enrollment, members of the incidence cohort
had been checked for medical history of SIL/cancer
by an examination of relevant computer files and by
a self-administered questionnaire. To minimize fur-
ther the possibility of inclusion of patients with
prevalent or recurrent cervical neoplasia in this
study of incident SIL, the hard-copy medical charts
were retrieved and reviewed by an experienced
medical abstractor for all probable case patients and
control subjects. The women found to have histories
of SIL that had been missed at enrollment were ex-
cluded. In addition, a very few women whose medi-
cal history of cervical neoplasia came to light only
during the telephone interview were excluded from
the analysis. These procedures led to the exclusion
of 99 probable case patients (Fig. 1) and 19 control
subjects.

Finally, all stored Pap smears and biopsy slides of
probable case patients and control subjects before
and after enrollment (up to diagnosis) were re-
viewed. In addition to the enrollment and diagnostic
smears, a median of three cervical smears per sub-
ject was reviewed, averaging one intervening smear
during follow-up (interquartile range, 0–2).

Our review of smears and biopsy specimens used
the Bethesda System, with final diagnoses divided
into the classifications of normal, ASCUS, low-
grade SIL, and high-grade SIL. Pap smears were
screened by a single cytotechnologist who referred
all but unequivocally normal smears, along with all
histology slides, to a single pathologist (D. R. Scott).
Subsequently, all possibly abnormal smears and all
histology slides were reviewed masked to prior di-
agnoses by a second pathologist (M. E. Sherman).
After a comparison of the two pathologists’ reviews,
all Pap smears and histology slides with discrepant
readings were evaluated by a third pathologist (R. J.

Kurman), again masked to previous diagnoses. The
final case–control classification was made with the
use of a simple algorithm by the National Cancer
Institute principal investigator (M. Schiffman) based
on all review results. Almost all diagnoses were
achieved either by an agreement between the first
two reviewers or by a simple majority. The handful
of remaining case patients was adjudicated by taking
the middle ground of the dissenting diagnoses (e.g.,
normal versus ASCUS versus low-grade SIL equals
ASCUS). For case patients who had both a biopsy
and a diagnostic cytologic result (confirmed by the
reviewers), the more severe diagnosis was used for
the data analysis.

The pathologists’ review excluded 55 probable
case patients because their Pap smears at or prior to
enrollment were reviewed as suggesting SIL (Fig.
1), and 45 probable case patients were excluded be-
cause their diagnostic Pap smears were downgraded
to negative on review (Fig. 1). The latter excluded
case patients were included as control subjects in
this study.

Thus, a total of 371 (65.1%) of 570 probable case
patients were confirmed as truly incident case pa-
tients after the rigorous record review, interview,
and pathology review. Moreover, among the re-
viewed control subjects, nine were found to be
missed incident case patients because their diagnos-
tic slides indicated low-grade SIL (n4 2) or cyto-
logically confirmed ASCUS (n4 7). They were
included, therefore, as case patients, raising the final
total of confirmed case patients to 380.

The confirmed case patients included 154 with a
final diagnosis of ASCUS, 179 with low-grade SIL,
and 47 with high-grade SIL. Thirty-nine (83%) of
the high-grade SIL case patients were histologically
confirmed, to be what would typically be termed
cervical intraepithelial neoplasia (CIN) 2 or 3. Many
case patients with low-grade SIL did not have a
biopsy performed; thus, only 70 (39%) of low-grade
SIL diagnoses were confirmed despite rigorously
reviewed cytology. Given that the diagnosis of
ASCUS here required at least suspicion of SIL by
more than one pathologist, the term should be
viewed as more specific than a typical community
cytologic diagnosis of ASCUS.

Smears from the 1056 control subjects were vir-
tually all confirmed as cytologically normal based
on their available smears. Only 55 control subjects
were excluded because of prevalent SIL at enroll-
ment or prior to enrollment. Nine more were reclas-
sified as incident case patients (see above). After
inclusion of the 45 additional control subjects who
were originally diagnosed as possible incident case
patients but down-graded subsequent to the pathol-
ogy review, there were 1037 confirmed control sub-
jects.

Detection of HPV DNA

Cervical samples collected at enrollment and di-
agnosis from a subject were assayed for HPV DNA
by use of the same PCR-based method. The first
third of the specimens was completed at Cetus Cor-
poration (Emeryville, CA). The remaining speci-
mens were tested by use of the same protocol several
years later when the study was completed, in two
large batches at the Albert Einstein College of Medi-
cine (Bronx, NY). The laboratories performing PCR
were masked to any information regarding the sub-
jects.

All available specimens from case patients and
control subjects collected at enrollment and diagno-
sis were tested by use of PCR, except 21 samples (19
control subjects, one ASCUS case patient, and one
low-grade SIL case patient) collected at enrollment
and four samples (four control subjects) at diagno-
sis, which had insufficient material.

PCR-Based Assay at the First
Laboratory

Aliquots of cervical lavage were amplified by the
L1 consensus primer pair MY09* and MY11, as
described previously(4,5). Amplification products
were hybridized with a generic HPV probe mixture
to determine positivity and with type-specific oligo-
nucleotide probes to identify individual HPV types.
The probes included 6/11, 16, 18, 26, 31, 33, 35, 39,
40, 42, 45, 51, 52, 53, 54, 55, 56, 57, 58, 59, 66, 68,
73, PAP155, PAP291, and W13B. Because the
probes for HPV6 and HPV11 were originally mixed
at Cetus, detection of these two types was not dif-
ferentiated and was labeled HPV6/11; however, re-
testing showed that type 6 predominated. Amplifi-
cation of a humanb-globin gene fragment was used
as an internal control for sample integrity. Positive
controls (SiHa cervical cancer cell lines) and nega-
tive controls (K562 human DNA cell line) were in-
terspersed to ensure validity. In addition, at Cetus, a
masked repeat aliquot was inserted as every 20th
specimen with near-perfect reliability.

PCR-Based Assay at the Second
Laboratory

The PCR detection and typing of HPV DNA at
Albert Einstein are described in detail in previous
publications(7,15–17).Thirty microliters of sedi-
mented cellular material from the lavage was di-
gested by incubation in 100mL of K buffer with 200
mg/mL of proteinase K. A 10-mL aliquot of this
material was then amplified with the MY09*/MY11
L1 consensus primers(4,5). Ten microliters of the
PCR reaction mix was analyzed by agarose gel elec-
trophoresis and transferred to nylon filters. The fil-
ters were hybridized overnight with [a-32P]deoxy-
cytidine triphosphate-labeled generic probes for
HPV and an oligonucleotide forb-globin.

PCR products that were positive with the HPV
generic probe mix were analyzed for multiple HPV
types, including HPV types 2, 6, 11, 13, 16, 18, 26,
31, 32, 33, 34, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55,
56, 57, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 72, 73
(PAP238A), AE2, AE5, AE6, AE7, AE8, W13B,
PAP291, and PAP155. Specimens that were positive
by the generic probe mix but negative by all type-
specific probes were considered to represent unde-
termined HPV types. Thus, in aggregate, 17 addi-
tional types, namely, types 2, 13, 32, 34, 61, 62, 64,
67, 69, 70, 72, 74, AE2, AE5, AE6, AE7, and AE8,
were assayed during the second testing phase(7).

Statistical Methods

HPV detection (overall and type specific) at en-
rollment and diagnosis was treated as a binary vari-
able (positive versus negative) for calculation of risk
estimates. Because the number of subjects infected
with a specific type of HPV was often too small to
be assessed individually with reliability, the differ-
ent types of HPV were grouped according to their
association with invasive cervical carcinoma(1).
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The most important type, HPV16, was maintained as
a separate category, because it is common and found
in about half of cervical carcinoma case patients
worldwide (1). For grouped analyses, HPV types
found in at least 1% of cervical carcinoma patients,
including types 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, and 68, were categorized as the “other cancer-
associated types.” The remaining types that were
tested for in this study were categorized as “low-risk
types.” Subjects infected with multiple types of
HPV were classified hierarchically into the highest
HPV risk group applicable (16 > other cancer-
associated types > low-risk types).

Specimens displaying very weak hybridization
signals with the generic HPV probe only (40 from
enrollment and 37 from diagnosis) were excluded
from all HPV-related statistical analyses to mini-
mize confusion due to their possible false positivity.
Specimens of “undetermined type” (see above) were
categorized as HPV positive; however, these were
excluded in type-specific analyses. In analyses cat-
egorizing HPV types as cancer associated or low
risk, the specimens of undetermined types were cat-
egorized as low risk.

The data were analyzed by use of standard con-
tingency table methods, with significance testing
when performed as two-sided. To estimate relative
risks, we calculated odds ratios (ORs) and 95% con-
fidence intervals (CIs) associating HPV infection
with risk of SIL using multiple logistic regression
models. The matching variables and other possible
confounding variables including age (16–19 years,
20–29 years, 30–39 years, andù40 years), follow-
up time (<790 andù790 days), enrollment clinic,
enrollment cytology diagnosis, return of enrollment

questionnaire, and number of visits between enroll-
ment and diagnosis were included in unconditional
regression models for adjustment. Unconditional
modeling was used despite the matched case–control
design, because the exclusion during clinical–
pathologic review of unconfirmed case patients and
control subjects prevented the efficient maintenance
of the individual matching. However, conditional lo-
gistic regression models yielded similar results, even
though they were necessarily restricted to case–
control strata still containing at least one case and
one control following review(18).

The interlaboratory agreement on HPV DNA de-
tection between Cetus and Albert Einstein College
of Medicine was shown in a previous methodologic
comparison(19) to be good (91%); however, testing
laboratory was retained as a variable in the statistical
models to prevent any statistical laboratory effect in
this much larger series.

RESULTS

Despite the many reviews and exclu-
sion of case patients and control subjects
found to be invalid, the distribution of the
nuisance variables remained basically
similar between all case patients and all
control subjects (P>>.05 for all compari-
sons by standard chi-square testing).
However, case patients tended to be
younger (P 4 .003). Also, the length of
follow-up was longer in the case patient
group (P 4 .007) because of typically

brief follow-up of the many probable case
patients who were excluded from analysis
when found on review to be prevalent.
When case patients were divided into sub-
groups according to their SIL severity, the
similarity to the overall control subject
group was not maintained. Most strik-
ingly, compared with the entire group of
control subjects, ASCUS patients tended
to be older, while low-grade SIL and
high-grade SIL patients were younger.

As shown in Table 1, compared with
the initially HPV-negative women, those
who tested positive for HPV DNA at en-
rollment were at a fourfold risk of devel-
oping incident ASCUS (OR4 3.8; 95%
CI 4 2.5–5.8), a fourfold risk of devel-
oping low-grade SIL (OR4 3.8; 95% CI
4 2.6–5.5), and a 13-fold risk of devel-
oping high-grade SIL (OR4 12.7; 95%
CI 4 6.2–25.9). Analysis by HPV type
groups (Table 1) showed that women who
had HPV16 infection at enrollment were
at an even higher risk of developing high-
grade SIL than those who had other types
of HPV.

While the percentage of HPV-positive
control subjects remained the same at en-
rollment and diagnosis, it was not neces-
sarily the same women infected at both

Table 1.Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) for cervical neoplasia associated with human
papillomavirus (HPV) at study enrollment and at diagnosis*,†

No. of
control
subjects

Patients with ASCUS Patients with low-grade SIL Patients with high-grade SIL

No. OR 95% CI No. OR 95% CI No. OR 95% CI

HPV at enrollment
Negative‡ 834 100 1 — 100 1 — 13 1 —
Positive‡ 157 50 3.8 2.5–5.8 73 3.8 2.6–5.5 29 12.7 6.2–25.9

HPV16 25 9 5.5 2.2–13.5 13 5.8 2.7–12.5 12 63.9 16.4–248.1
Other cancer-associated types§ 60 16 3.5 1.8–6.8 35 5.7 3.4–9.7 9 30.9 9.0–106.1
Low-risk types\ 72 25 4.0 2.3–6.9 25 3.2 1.8–5.3 8 6.8 2.1–22.3

HPV at diagnosis
Negative‡ 816 42 1 — 15 1 — 3 1 —
Positive‡ 145 39 8.4 4.9–14.4 106 44.4 24.2–81.5 33 67.1 19.3–233.7

HPV16 30 12 14.6 6.1–34.8 21 48.4 20.6–113.5 16 371.8 61.7–2242.7
Other cancer-associated types§ 43 18 18.5 8.6–39.7 63 90.5 44.1–185.9 11 273.9 42.2–1778.3
Low-risk types\ 72 9 3.8 1.7–8.6 22 20.0 9.4–42.6 6 33.2 6.1–181.6

HPV at enrollment/diagnosis
Negative/negative 712 36 1 — 7 1 — 0
Negative/positive 69 15 6.4 3.1–13.5 60 117.7 45.6–304.2 8 Not calculable¶
Positive/negative 75 6 1.1 0.3–3.8 7 11.4 3.4–37.8 3 Not calculable¶
Positive/positive 64 24 13.2 6.5–27.0 41 100.6 37.7–268.4 22 Not calculable¶

*Adjusted for age (16–19, 20–29, 30–39, andù40 years), enrollment clinic (gynecology versus health appraisal), cytologic diagnosis at enrollment (benign
reactive atypia or negative), participation status (returned enrollment questionnaire or not), follow-up time (<790 days versusù790 days), number of Pap smears
during follow-up, and DNA testing laboratory (Cetus Corporation [Emeryville, CA] versus Albert Einstein College of Medicine [Bronx, NY]).

†ASCUS4 atypical squamous cells of undetermined significance; SIL4 squamous intraepithelial lesions.
‡Specimens with a very weak signal with the generic probe, and no type-specific signals, were excluded to minimize the possibility of misclassification of HPV

status for these samples. Those whose polymerase chain reaction products hybridized clearly with the generic probe but none of the type-specific oligonucleotide
probes were included as HPV positive, type undetermined.

§Including HPV types 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68.
\HPV types other than HPV 16, 18, 31, 33, 35, 39, 45, 51 52, 56, 58, 59, and 68, including the undetermined types.
¶Relative risk estimates of infinity resulted because no cases of high-grade SIL were HPV negative at both enrollment and diagnosis.
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times. About the same proportion of con-
trol subjects turned from HPV positive to
HPV negative, as vice versa. Only about
40% of those individuals who tested HPV
positive at enrollment still remained posi-
tive at the follow-up visit. In contrast,
among women diagnosed with new cervi-
cal neoplasia, the prevalence of HPV in-
creased substantially at diagnosis com-
pared with enrollment. In particular,
approximately 90% of both low-grade
SIL and high-grade SIL case patients
tested positive for HPV DNA at diagno-
sis. Therefore, the ORs associated with
HPV detection at diagnosis were much
higher than at enrollment when all the
women were still cytologically normal.

At diagnosis, analyses by HPV type
groups showed that the risks were far
higher among those detected with cancer-
associated types than among those with
only low-risk HPV types. Among the can-
cer-associated types, the higher risk asso-
ciated with HPV16 compared with other
cancer-associated types was evident at di-
agnosis only for high-grade SIL.

Results of repeated HPV measurement
showed roughly similar patterns for
ASCUS, low-grade SIL, and high-grade
SIL (Table 1). Specifically, the highest
risks were found among those who tested
HPV positive at both times, followed by
those with HPV DNA detected only at
diagnosis, with less elevated risks ob-
served among those with HPV DNA de-
tected only at enrollment.

The effects of viral persistence ap-
peared to vary somewhat by case subject
group. Viral persistence, defined crudely
as detection of the same HPV type at both
times, was not associated with higher
risks of ASCUS or low-grade SIL com-
pared with HPV detection at both times
but with different types (data not shown).
For high-grade SIL, about two thirds of
the women were HPV positive at both
times. Among these high-grade SIL case
patients who were HPV positive twice
(compared with those control subjects
who were positive twice), persistence of
any cancer-associated HPV type was as-
sociated with a twofold risk compared
with repeated detection of HPVs at both
enrollment and diagnosis without a per-
sistent cancer-associated type (data not
shown). However, the numbers of high-
grade case patients in each category of
this analysis were less than 10.

There were 23 HPV types detectable
by both the Cetus and Albert Einstein
College of Medicine protocols. In Table

2, the relative frequencies of each of the
23 individual HPV types among those
women who tested HPV positive at en-
rollment are presented. In the table, the
women are presented according to their
final case–control status, but the HPV re-
sults are derived from enrollment speci-
mens to show the distribution of HPV
types in advance of subsequent SIL.

Among those who remained cytologi-
cally normal throughout the study,
HPV16 was the most common type
(20.2% of HPV-positive control subjects),
followed by HPV53 (16.2%). Conversely,
among those who developed ASCUS,
HPV53 was the most prevalent type
(35.1%) at enrollment, followed by
HPV16 (24.3%). Among women devel-
oping either low-grade SIL or high-grade
SIL, HPV16 was detected most fre-
quently. HPV51 was the second most
common among patients who developed
low-grade SIL. Other than HPV16, no
type contributed to more than three pa-
tients who developed high-grade SIL.

In Table 3, the risks associated with
HPV detection at enrollment are shown
for women diagnosed subsequently with
SIL at different lengths of time of follow-
up. Among high-grade SIL case patients,

the effect of follow-up time was impor-
tant. No cases of new high-grade SIL de-
veloped in the first 766 days of follow-up
among women who were HPV negative at
enrollment (the earliest three occurred at
days 767, 770, and 784 of follow-up). In
other words, virtually all case patients
with high-grade SIL within the first half
of follow-up were HPV positive at enroll-
ment, while only about half of the later-
ascertained high-grade SIL case patients
were HPV positive at enrollment. We
found no convincing relationship between
HPV detection at enrollment and age of
the subject with the high-grade SIL, the
size of the lesion estimated from the pa-
thology notes, or the histologic grade
(CIN 2 versus CIN 3) (data not shown).

DISCUSSION

In this incident case–control study
nested within a large cohort, we demon-
strated that HPV infection, as measured
by HPV DNA detection, greatly increases
the risk of subsequent cervical SIL. The
HPV test results predicted the cytologic
future of the subjects, who were all ini-
tially normal. Our results support the tem-
poral relationship between HPV infection

Table 2.Detection of selected individual virus types among human papillomavirus (HPV)-positive
women at enrollment*

HPV type

Control subjects Patients with ASCUS
Patients with

low-grade SIL
Patients with

high-grade SIL

No. %† No. %† No. %† No. %†

HPV6/11 12 9.7 5 13.5 3 4.7 2 8.3
HPV16 25 20.2 9 24.3 13 20.3 12 50.0
HPV18 8 6.4 1 2.7 3 4.7 3 12.5
HPV26 1 0.8 1 2.7 0 0 0 0
HPV31 9 7.2 2 5.4 7 11.0 1 4.2
HPV33 6 4.8 1 2.7 3 4.7 1 4.2
HPV35 3 2.4 2 5.4 3 4.7 1 4.2
HPV39 7 5.6 2 5.4 5 7.8 2 8.3
HPV40 1 0.8 3 8.1 4 6.2 2 8.3
HPV45 9 7.2 1 2.7 2 3.1 0 0
HPV51 18 14.5 7 18.9 11 17.2 1 4.2
HPV52 8 6.4 3 8.1 3 4.7 2 8.3
HPV53 20 16.2 13 35.1 8 12.5 1 4.2
HPV54 5 4.0 5 13.5 3 4.7 1 4.2
HPV55 0 0 0 0 3 4.7 1 4.2
HPV56 5 4.0 4 10.8 8 12.5 2 8.3
HPV58 9 7.2 2 5.4 6 9.4 2 8.3
HPV59 7 5.6 0 0 0 0 3 12.5
HPV66 5 4.0 1 2.7 2 3.1 0 0
HPV68 2 1.6 3 8.1 3 4.7 0 0
PAP155 7 5.6 2 5.4 5 7.8 0 0
PAP238A 9 7.2 1 2.7 1 6.3 1 4.2

*ASCUS 4 atypical squamous cells of undetermined significance; SIL4 squamous intraepithelial
lesions.

†Percentage among HPV-positive subjects, excluding those who had only undetermined HPV types, since
the analysis in this table is type specific. The denominators for these percentage calculations are as follows:
control subjects (n4 125); patients with ASCUS (n4 37); patients with low-grade SIL (n4 64); patients
with high-grade SIL (n4 24).
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and subsequent cervical neoplasia, further
confirming that the relationship is a cau-
sal one. An elevated risk of future cervical
neoplasia associated with the sensitive de-
tection of HPV DNA in normal women is
consistent with previous, smaller cohort
studies [reviewed in(3)].

Compared with other cancer-asso-
ciated HPV types, HPV16 infection pre-
dicted an especially elevated risk of high-
grade SIL. Although HPV16 may account
for a substantial portion of high-grade SIL
(and cancer), many types of HPV seem
nearly as likely to cause ASCUS and low-
grade SIL.

The risks of SIL associated with HPV
detection at enrollment did not show any
convincing increases with age (with the
possible exception of low-grade SIL, data
not shown). We had predicted a stronger
association among older women, because
HPV DNA detection among cytologically
normal women decreases strongly with
age in many populations, including the
Kaiser Permanente cohort studied here
(20,21).In contrast, women with SIL and
cancer remain HPV DNA positive regard-
less of age(22). Therefore, HPV DNA
detection might be expected to be more
highly associated with cervical SIL and
cancer among women at older ages. Al-
though we were limited to only six cases
of high-grade SIL occurring in women
more than 40 years of age, we found no
such trend (only three of six were positive
at enrollment). The lower than expected
HPV detection cannot be explained by
our data but may have been affected by
our choice of collection instrument (la-

vage) and our unusual high-grade SIL
case patients (rapid onset). The predictive
value of cytology combined with HPV
DNA testing among middle-aged and
older women is being targeted in cohort
studies now under way.

The magnitudes of risk estimates asso-
ciated with HPV infection at diagnosis
were much greater than at enrollment, be-
cause the HPV DNA prevalence among
case patients, particularly among low-
grade SIL case patients, increased sub-
stantially at diagnosis, while the preva-
lence among control subjects remained
unchanged. The much higher prevalence
of HPV infection at diagnosis suggests
that many of the HPV infections among
the case patients (especially those with
low-grade SIL) were acquired during the
follow-up after enrollment. In turn, the
possibility of infection acquired during
follow-up implies that the duration be-
tween initial HPV infection and detection
of new SIL can often be even shorter than
the approximately 2-year median time to
diagnosis of our case patients.

Moreover, because the enrollment
measurement of HPV infection could not
pinpoint the time of infection (some of the
infections might have already been per-
sistent), we could not calculate the com-
plete incubation curve from the time of
infection to the diagnosis of SIL. The
typically delayed diagnosis of SIL follow-
ing its time of true development make in-
cubation curves even more suspect. None-
theless, it is clear that there is a large
increase in risk of SIL in the first few
years following HPV infection. An aver-

age incubation period of a few months to
a few years would be analogous to the
reported latency of genital warts follow-
ing infection with HPV6 and HPV11(23).

The results of PCR measurement at
both enrollment and diagnosis showed
that the risks of SIL were highest among
those who tested positive at both times.
Those who had evidence of viral persis-
tence with a cancer-associated HPV type,
i.e., at least one cancer-associated HPV
type that was detected at both times, were
at an even higher risk of high-grade SIL
diagnosis. Repeated detection of HPV16,
the most common cancer-associated
HPV, was associated with a particularly
high risk of high-grade SIL, confirming
other reports that a persistent or repeated
infection with a cancer-associated type of
HPV strongly increases the risk of high-
grade SIL(9,10).

In our analysis of two-time measure-
ments, we were not able to differentiate
persistent infection from recurrent infec-
tion with HPV of the same type. Future
studies should incorporate HPV variant
analysis methods to evaluate persistence,
differentiate specific variants, and evalu-
ate their importance separately(24). As
another concern, all high-grade SIL case
patients in our study were incident case
patients without previous detection of
low-grade SIL or even ASCUS. The me-
dian number of Pap smears performed in
the interval between enrollment and diag-
nosis was one (range, 0–5) for the high-
grade SIL case patients as for all subjects
combined. It is possible that the patholog-
ic pathways of these rapid-onset cases of

Table 3.Odds ratios (ORs) and 95% confidence intervals (CIs) for cervical neoplasia associated with human papillomavirus (HPV)
infection at study enrollment, by follow-up time*,†

Follow-up time, HPV −/+

No. of
control
subjects

Patients with ASCUS Patients with low-grade SIL Patients with high-grade SIL

No. OR 95% CI No. OR 95% CI No. OR 95% CI

<510 days
Negative 204 10 1 20 1 0
Positive 58 13 8.3 2.7–25.3 32 8.4 4.0–17.5 6 Not calculable‡

510–789 days
Negative 201 22 1 26 1 3 1
Positive 41 13 5.3 2.2–12.8 14 3.4 1.5–7.8 8 19.3 3.9–95.2

790–1119 days
Negative 215 2 1 19 1 5 1
Positive 32 13 3.8 1.6–9.1 13 4.4 1.8–10.9 6 8.7 1.8–42.9

ù1120 days
Negative 214 46 1 35 1 5 1
Positive 26 11 2.9 1.2–6.8 14 3.6 1.5–8.5 9 20.7 5.2–82.6

*Adjusted for age (16–19, 20–29, 30–39, andù40 years), enrollment clinic (gynecology versus health appraisal), cytologic diagnosis at enrollment (benign
reactive atypia or negative), participation status (returned enrollment questionnaire or not), follow-up time (<790 days versusù790 days), number of Pap smears
during follow-up, and DNA testing laboratory (Cetus Corporation [Emeryville, CA] versus Albert Einstein College of Medicine [Bronx, NY]).

†ASCUS4 atypical squamous cells of undetermined significance: SIL4 squamous intraepithelial lesions.
‡A relative risk estimate of infinity resulted because no case patients with high-grade SIL that was within 510 days were HPV negative at enrollment.
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high-grade SIL may be different from
those that progressed via ASCUS or low-
grade SIL over a longer period of time.

In conclusion, HPV DNA detection
precedes and predicts the first cytologic
detection of SIL. Many HPV types appar-
ently cause low-grade SIL, whereas
HPV16 predominates in the rarer rapid
development of high-grade SIL without a
preceding ASCUS or low-grade SIL.
None of the behavioral risk factors for
cervical neoplasia fundamentally altered
the central role of HPV infection (data not
shown). Possible clinical applications of
HPV DNA testing and primary preven-
tion of cervical cancer by vaccination are
supported by firm etiologic evidence and
should be defined by clinical studies.
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