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Abstract

Introduction
While it is well established that long-term persistent
infection with high-risk human papillomavirus (HPV) is
necessary for the development of cervical cancer (1), our
earlier work suggests that sporadic detection in the early
course of an HPV infection is not incompatible with longterm persistence (2). While early short-term detection
patterns may be unrelated to the risk of carcinogenic
progression, characterizing the early course of new
HPV infections may further our understanding of infectivity and provide estimates that can be used in models of
HPV transmission. Assuming a positive relationship
between persistent HPV detection and duration of infectivity, it is reasonable to surmise that repeat HPV detection suggests a longer window of infectivity and therefore
a greater likelihood of transmission to new sex partners
(based on the positive relationship between duration of
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Background: Characterizing short-term detection patterns of young women’s incident a-genus human
papillomavirus (HPV) infections may further our understanding of HPV transmission.
Methods: Between 2000 and 2007, we followed 18- to 22-year-old female university students with triannual
HPV DNA and Papanicolaou testing. Using Kaplan–Meier methods, we estimated duration of detectable,
type-specific incident infections; time to redetection (among infections that became undetectable); and time to
cervical lesion development after incident infection. We evaluated risk factors for short-term persistent versus
transient infection with logistic regression.
Results: Three hundred three incident, type-specific infections were detected in 85 sexually active women.
Median time to first negative test after incident infection was 9.4 (95% CI: 7.8–11.2) months; 90.6% of infections
became undetectable within 2 years. About 19.4% of infections that became undetectable were redetected
within 1 year. Cervical lesions were common and 60% were positive for multiple HPV types in concurrent
cervical swabs. Incident HPV detection in the cervix only (vs. the vulva/vagina only or both sites) was
associated with short-term transience.
Conclusions: Although most incident infections became undetectable within 2 years, redetection was
common. Cervical lesions were a common early manifestation of HPV infection.
Impact: It remains unclear whether potentially modifiable risk factors can be identified to reduce infection
duration (and transmission likelihood). Cancer Epidemiol Biomarkers Prev; 20(4); 699–707. 2011 AACR.

infectivity and the reproductive rate of an infection;
ref. 3). Therefore, by identifying risk factors for repeat
HPV detection, it is possible to identify potentially modifiable behavioral risk factors for HPV transmission.
The goal of the present study was to characterize the
early natural history of incident, type-specific HPV infections. By enrolling a cohort of newly sexually active
young women with minimal prior exposure to HPV,
we were able to maximize the likelihood of detecting
(and following) truly incident infections. The aims of the
study were to describe detection patterns of newly
acquired infections; to identify both behavioral and viral
determinants of repeat versus transient detection in the
first 8 months of an infection; and to estimate the incidence of low-grade cervical squamous intraepithelial
lesions (SIL) following incident HPV infection.

Methods
Study population and design
From December 2000 to March 2007, we enrolled 18- to
22-year-old female University of Washington students
into a longitudinal study of HPV infections. Recruitment
and data collection procedures were described previously (4). Women were eligible to enroll if they had
never had vaginal intercourse with a male partner or had
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Laboratory methods
Specimens were tested for HPV DNA using PCR-based
methods. DNA was isolated using the QIAamp DNA
blood mini column (Qiagen) according to the manufacturer’s protocol. One two hundred fiftieth of each
sample was amplified and 10 mL of PCR products were
dotted onto nylon filters and probed with a biotin-labeled
generic probe. As described previously, specimens testing positive by a generic probe were typed using a reverse
line-blot assay (Roche Molecular Systems) for 38 HPV
types (4). Unless otherwise noted, PCR results for selfcollected vaginal swabs and clinician-collected cervical
and vulvar/vaginal swabs were combined to analyze
duration of type-specific genital HPV infections.
Variant specificity was determined on pairs of typespecific–positive samples separated by at least 1 intercurrent negative test. Only high- or probable high-risk
infections (HPV types 16/18/26/31/33/35/39/45/51/
52/53/56/58/59/66/68/73/82/IS39; ref. 6) or HPV-6
infections were selected for variant characterization.
Sequence analysis of the E6 gene was performed using
type-specific primers. The PCR product of HPV16 E6 was
cloned using a TOPO TA Cloning Kit (Invitrogen). Clones
containing target inserts were identified by digestion
with appropriate restriction enzymes followed by electrophoreses on 1.5% agarose gel. Three clones per sample
were selected for sequencing. Plasmid DNAs were purified with a QIAprep Spin Miniprep kit (Qiagen). The
purified DNA templates were sequenced by Functional
Biosciences. Sequence variations that were found at least
twice were counted as variants and those found only once
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were counted as potential PCR errors. If the sequence of
the variant in the first sample showed 100% sequence
identity when aligned with the variant in the second
sample, it was considered to represent a single persistent
infection. If available, the last positive type-specific sample prior to the first intercurrent negative was selected for
variant testing. Otherwise, an earlier type-specific–positive sample was selected. Likewise, the first type-specific
redetection was selected for variant characterization. If
not available, a subsequent type-specific–positive sample
was selected. Given previous findings that individual
pairs of cervical and vulvar/vaginal samples were positive for identical HPV-16 variants (Long Fu Xi, personal
communication), sequence analysis for a given HPV type
was performed on only one genital sample from a given
visit.
A cytotechnologist examined all Pap smears and the
pathologist reviewed all abnormal smears. Findings were
classified according to the Bethesda system (7) as normal,
ASCUS, low-grade SIL, or high-grade SIL. Biopsy tissue
was diagnosed as showing cervical intraepithelial neoplasia (CIN) grade 1, 2, or 3. None of the women developed cytologic or histologic evidence of invasive cervical
cancer.
Statistical methods
Incident HPV infection was defined as the first positive
result for a specific HPV type (in either the cervical
sample, the vulvar/vaginal sample, or the self-collected
vaginal sample). Kaplan–Meier methods were used to
estimate the duration of detectable, type-specific HPV
infections after incident detection. At-risk time was calculated from the date of incident, type-specific detection
to the first negative test for that type. Infections were
censored at the last visit date or date of treatment for CIN
2þ. To account for correlation within subjects due to the
assessment of multiple potential HPV types per individual, a 95% CI for the median failure time was computed
using percentile bootstrap methods with 1,000 repetitions. Kaplan–Meier methods were also used to estimate
time to HPV redetection; at-risk time was calculated
from the date of the first negative test (after incident
detection) to the first subsequent redetection of that type.
Logistic regression was used to evaluate risk factors for
repeatedly detected incident, type-specific HPV infections. Cases were defined as incident, type-specific infections immediately followed by at least 2 consecutive
positive visits (i.e., positive for at least 8 months;
þþþ). Controls were defined as incident, type-specific
infections immediately followed by 2 consecutive negative visits (þ).
Potential predictors of repeatedly detected infections
included variables assessed at the time of incident infection and variables assessed in the time interval between
incident detection and the subsequent 4-month visit. Variables assessed at the time of incident detection included
site of incident infection (cervix only, vulva/vagina only,
or both sites), HPV risk type [high or probable high risk
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their first intercourse with 1 male partner within the past
3 months. We mailed 34,079 letters of invitation to women
who met the age criterion and released their names to the
registrar. Of 290 women who responded, 250 were
enrolled. All participants provided informed consent
and the protocol was approved by University of
Washington’s Institutional Review Board.
Every 2 weeks, women completed a Web-based diary
designed to capture daily sexual behavior information.
Detailed diary features have been described elsewhere
(4, 5). Every 4 months, women were followed with clinical
visits (4). At each visit, self-collected vaginal swabs were
collected for HPV DNA testing. Following the self-collection, the nurse practitioner performed a standardized
pelvic examination. Separate cervical and vulvar/vaginal
swabs were collected with Dacron swabs into specimen
transport medium for HPV DNA testing. For Papanicolaou (Pap) testing, a cytobrush was used to collect cells
from the endocervix and a plastic spatula was used to
collect cells from the squamocolumnar junction and ectocervix. All women with cytologic or colposcopic evidence
of a high-grade SIL were referred for colposcopically
directed biopsy. Women with repeated cytologic test
results showing a low-grade SIL or atypical squamous
cells of undetermined significance (ASCUS) were also
referred.

Early Natural History of HPV in Women

Results
Study population characteristics
Twenty-six women were excluded from all analyses
because their reported date of first intercourse was more
than 3 months before the enrollment visit (due to scheduling delays). At enrollment, the mean age of the
remaining 224 women was 19.2 (SD ¼ 1.5) years and
they were followed for a mean of 30.7 (SD ¼ 22.7) months.
The majority (64.3%) was white, 23.2% were Asian, and
the remaining 12.5% self-reported a different race. Fiftyeight women were sexually active at enrollment. One
hundred eight (65.1%) of the 166 women who were not
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sexually active at enrollment reported their first vaginal
intercourse with a male partner while on study (the
remaining 58 women remained virgins throughout follow-up).
Incident, type-specific HPV infections
Over follow-up, 303 incident, type-specific HPV infections were detected in 85 sexually active women, with a
median of 3 types (range ¼ 1–14 types) per woman. In
addition, 7 infections were detected in 5 women before
their first reported vaginal intercourse with a male partner and 7 infections were detected in 5 women who
reported no vaginal intercourse throughout follow-up.
(Of 9 such infections that were detected prior to the last
follow-up visit, 6 were redetected at 1 follow-up visit.)
All analyses described below were restricted to infections
detected in sexually active women.
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(types
16/18/26/31/33/35/39/45/51/52/53/56/58/
59/66/68/73/82/IS39 (6) vs. low or undetermined
risk (types 6/11/40/42/54/55/61/70/72/81/CP6108)],
number of concurrent HPV types detected, current smoking (yes/no), current use of hormonal contraceptives
(yes/no), timing of last reported vaginal intercourse (>2
days before HPV testing/2 days before HPV testing), sex
partners reported in the prior 8 months [0, nonnew partner(s) only (e.g., partners reported more than 8 months
prior to incident detection), 1 new partner], reported
total number of sex acts in the prior 8 months (0 and
approximate tertiles above 0: 1–16, 17–41, 42þ), and
reported number of condom-unprotected sex acts in the
prior 8 months (0 and approximate tertiles above 0: 1–6, 7–
25, 26þ; excluding infections detected in women reporting
no vaginal intercourse in the prior 8 months). Variables
assessed in the interval between incident detection and the
subsequent 4-month visit included sex partners reported
[0, nonnew partner(s) only; 1 new partner], reported
total number of sex acts (0 and approximate tertiles above
0: 1–11, 12–27, 28þ), and number of condom-unprotected
sex acts with nonnew partner(s) [e.g., partner(s) reported
in the 8 months prior to incident detection; 0 and approximate tertiles above 0: 1–8, 9–22, 23þ; excluding infections
detected in women reporting no vaginal intercourse in
the interval between incident detection and the subsequent 4-month visit]. Variables were first tested univariately. Robust variance estimates were used to account for
correlation between multiple HPV types within a woman.
Statistically significant (P < 0.10) variables were considered for entry into a multivariate model. However,
because only one variable was statistically significantly
associated with persistence in univariate analysis, multivariate analysis was not performed.
Kaplan–Meier methods were used to estimate time to
development of cervical SIL (low-grade or high-grade
SIL; based on cytology); at-risk time was calculated both
from (a) the date of first incident HPV detection at any site
(any type) to the date of detection of first SIL (including
the incident HPV positive visit) and (b) the date of first
incident HPV detection at the cervix (any type; ignoring
any HPV results from previously collected vulvar/vaginal samples) to the date of detection of first SIL (including
the incident HPV positive visit).

Repeat detection of incident, type-specific HPV
infections
Infections detected before the last follow-up visit (n ¼
257) were followed for a mean of 24.3 (SD ¼ 15.7) months
after incident detection. The median time to the first
negative test after the first positive test for a given type
was 9.4 (95% CI: 7.8–11.2) months, with 90.6% of infections becoming undetectable within 2 years (Fig. 1).
Of 173 incident, type-specific infections that became
undetectable before the last follow-up visit, 19.4% were
redetected again within 1 year (Fig. 2). The 39 typespecific infections that were redetected included 20 infections with high- or probable high-risk types and 19
infections with low- or undetermined risk types (including 1 HPV-6 infection). (Detection patterns for the 20
high- or probable high-risk type infections are shown
in Fig. 3.) For 17 infections, pairs of positive samples
collected at 2 time points separated by at least 1 intercurrent negative were available for variant characterization. For 4 infections, 1 sample in the pair tested negative
by PCR-based DNA sequencing. In the remaining 13
pairs, all displayed the same variant in both samples.
Overall, 13 variants of 9 HPV types were detected, with
the number of variants for individual types ranging from
1 to 3.
Risk factor analyses were restricted to incident, typespecific infections followed by at least 2 additional visits
(n ¼ 224). An additional 34 infections were excluded
because the second follow-up visit was more than 1 year
after incident detection (n ¼ 32) or sufficient HPV testing
results were recorded at greater than 2 genital sites at 1 of
the 2 follow-up visits (n ¼ 2), leaving 190 infections in 59
women for analysis. About 40.0% of infections were
persistently detected (þþþ)), 31.0% were sporadically
detected (þþ=þþ), and 29.0% were transiently
detected (þ). Compared with incident detection in
the cervix only, in the cervix and vulva/vagina, or in the
vulva/vagina only was associated with an increased
likelihood of persistent versus transient detection
(Table 1).
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Figure 1. Percentage of
persistently detected typespecific HPV infections, after
incident, type-specific HPV
detection (n ¼ 257 type-specific
HPV infections). A failure was
defined as the first type-specific–
negative test after the incident
positive test. Infections were
censored at the last follow-up visit
or the date of treatment for CIN 2þ.
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Cervical SIL
Thirty of 85 women with incident HPV infections developed cervical SIL during study follow-up. Three women
received a SIL diagnosis prior to first incident detection of
HPV infection and were excluded from the subsequent
analyses. Among the remaining 82 women, the 12-month
cumulative incidence of developing a cervical SIL after
first incident HPV infection (at any site) was 30.8% (95%
CI: 21.2–43.5). Among 73 women with incident cervical
HPV infections (ignoring any HPV results from previously collected vulvar/vaginal samples), the 12-month

cumulative incidence of developing a cervical SIL after
first incident HPV infection (at any site) was 37.9% (95%
CI: 26.8–51.7; Fig. 4). The median time to cervical SIL could
not be estimated from our data because of limited followup. However, among those who developed SIL within 12
months, the median time to development was 5.6 months
after first incident HPV infection at any site and 4.6
months after first incident cervical HPV infection. Sixty
percent of newly detected cervical SILs (18/30 cases) was
positive for greater than 1 HPV types in the cervical swab
sample collected at the same visit (Fig. 5).
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Figure 2. Cumulative probability
of redetecting type-specific HPV,
after the first negative test
following incident detection
(n ¼ 173 type-specific infections).
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Discussion
By enrolling a cohort of newly sexually active young
women with minimal previous exposure to HPV, we
were able to observe the early natural history of truly
incident HPV infections in the female genital tract. Con-
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Figure 3. Patterns of type-specific
high-risk HPV DNA detection in
sexually active young women.
Each row represents an incident
type-specific HPV infection
characterized by a detection
pattern that included intercurrent
negative tests between 2 or more
positive tests. Visit number is in
relation to the first detection of
type-specific HPV DNA (visit 0;
e.g., visit 5 refers to the 5th visit
after first detection of typespecific HPV DNA). A gray box
indicates type-specific HPV
detection in at least 1 genital
sample. A white box indicates that
all samples were negative for the
specific HPV type. Black indicates
the end of study follow-up.
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sistent with previous longitudinal studies (of both prevalent and incident infections; ref. 8), we observed that
90% of incident, type-specific infections in our cohort
became undetectable within 2 years (with half of all
infections becoming undetectable within 9.4 months).
Redetection after a period of negativity was common.

Table 1. ORs for the association between persistenta (n ¼ 76) and transientb (n ¼ 55) detection of incident,
type-specific HPV infections and selected characteristics

Site of incident detection (n ¼ 125c)
Cervix only
Vulva/vagina only
Both cervix and vulva/vagina
HPV risk group
Low- or undetermined-risk
High-risk
Number of concurrent HPV types detectedd
0
1
Current smokerd
No
Yes
Currently using hormonal contraceptivesd
No
Yes
Last reported vaginal intercoursed (n ¼ 127e)
>2 days before testing

Crude OR (95% CI)

No. persistent/
no. transient

1.00
10.78 (1.20–96.67)
15.62 (1.89–129.25)

1/8
31/23
41/21

1.00
1.12 (0.51–2.48)

31/24
45/31

1.00
1.10 (0.47–2.60)

18/14
58/41

1.00
3.12 (0.37–26.37)

68/53
8/2

1.00
0.52 (0.24–1.16)

35/17
41/38

1.00

17/16

(Continued on the following page)
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Table 1. ORs for the association between persistenta (n ¼ 76) and transientb (n ¼ 55) detection of
incident, type-specific HPV infections and selected characteristics (Cont'd )
Crude OR (95% CI)

56/38
1/3
9/12
66/40
1/3
25/16
24/15
20/19
9/6
25/14
22/10
13/20
15/14
39/32
22/9
15/14
20/13
24/12
17/16
18/12
18/6
12/11
13/12

a

Persistent detections included all incident, type-specific positives that were followed by 2 consecutive type-specific positives (þþþ).
Transient detections included all incident, type-specific positives that were followed by 2 consecutive type-specific negatives (þÞ:
c
Six infections that were first detected in the self-collected sample only were excluded.
d
At time of incident detection.
e
Four infections were detected in women who reported vaginal intercourse on the day of HPV testing. Because data on time of vaginal
intercourse was not collected, it was not possible to determine whether vaginal intercourse occurred before or after testing. Therefore,
those 4 infections were excluded.
f
Eight infections detected in women who both enrolled less than 8 months prior to incident detection and reported their first vaginal
intercourse more than 2 weeks prior to enrollment were excluded because complete sexual histories for the 8 months prior to incident
detection were not available.
g
Four infections that were first detected in women reporting no vaginal intercourse in the past 8 months were excluded.
h
In the time interval between incident detection and the subsequent 4-month visit.
i
Twenty-nine infections that were first detected in women reporting no vaginal intercourse in the time interval between incident
detection and the subsequent 4-month visit were excluded.
b

Nineteen percent of type-specific infections that became
undetectable were redetected within 1 year and sequencing data indicated the presence of the same type-specific
variant in samples collected before and after the intercurrent negative period. Redetection of the same HPV
type after intercurrent negative periods may reflect fluc-
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tuations in viral levels (or low-level viral shedding; ref. 2),
sampling inconsistencies, intercurrent false-negative test
results, or new infection. Regardless, estimates of duration or clearance that are based on 1 or 2 negative HPV
tests following a string of positive tests may be insufficient for distinguishing between persistent and transient
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2 days before testing
0.72 (0.31–1.69)
Sex partner(s) in the prior 8 monthsd
No sex partners
1.00
Non-new sex partners only
2.25 (0.16–31.11)
1 new sex partner(s)
4.95 (0.41–60.15)
Total no. of sex acts in the prior 8 monthsd (n ¼ 123)f
0
1.00
1–16
4.69 (0.39–55.96)
17–41
4.80 (0.35–65.64)
42þ
3.16 (0.24–41.89)
No. of condom-unprotected sex acts in the prior 8 monthsd (n ¼ 119)fg
0
1.00
1–6
1.19 (0.39–3.67)
7–25
1.47 (0.35–6.10)
26þ
0.43 (0.12–1.57)
Sex partner(s) after incident infectionh
No sex partners
1.00
Non-new sex partners only
1.14 (0.47–2.74)
1 new sex partner(s)
2.28 (0.82–6.38)
Total no. of sex acts after incident infectionh
0
1.00
1–11
1.44 (0.54–3.79)
12–27
1.87 (0.70–4.95)
28þ
0.99 (0.32–3.05)
No. of condom-unprotected sex acts with a nonnew partner after incident infectionh (n ¼ 102)i
0
1.00
1–8
2.00 (0.52–7.63)
9–22
0.73 (0.21–2.49)
23þ
0.73 (0.25–2.08)

No. persistent/
no. transient
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Cumulative probability of cervical SIL
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Figure 4. Cumulative probability of developing cervical SIL among women with incident HPV infection at any site (thick black line; n ¼ 82 sexually active women
with incident HPV infection at any site; 3 sexually active women who developed cervical SIL prior to first incident HPV detection were excluded from
the analysis) and women with incident HPV infection at the cervix (thin black line; n ¼ 73 women with incident HPV infection at the cervix (ignoring any HPV
results from previously collected vulvar/vaginal samples); 3 sexually active women who developed cervical SIL prior to first incident cervical HPV detection
were excluded from the analysis). Of 27 cases of newly detected cervical SIL, 25 were low grade and 2 were high grade. Eleven of the 25 women with low-grade
SIL were subsequently referred for colposcopically directed biopsy; 2 women had biopsy-confirmed CIN 2 (1 woman had biopsy-confirmed CIN 3 diagnosed
by her primary care provider). One of the 2 women with high-grade SIL had biopsy-confirmed CIN 2 diagnosed at a subsequent visit. The time between
first incident HPV infection (at any site) and CIN 2 or CIN 3 ranged from 4 to 32 months.

infections. Furthermore, while our data do not address
whether repeat detection in the early course of an HPV
infection is predictive of long-term viral persistence, we
previously reported that it was common for long-term

HPV
negative
10%
≥3 HPV types
37%
1 HPV type
30%

2 HPV types
23%

Figure 5. Distribution of the number of HPV types detected in the cervical
swab sample collected at the same visit as the first SIL diagnosis (n ¼ 30).
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persistent infections (defined as infections detected 4–12
years after incident detection) to have been detected
sporadically in the first several years following incident
detection (2).
Characterizing the early course of new HPV infections may further our understanding of infectivity and
provide estimates that can be used in models of HPV
transmission. Presumably, there is a positive correlation between duration of detectable HPV DNA and
duration of infectivity, suggesting that repeat DNA
detection is associated with a longer window of infectivity and therefore a greater probability of transmission to new sex partners (based on the positive
relationship between the duration of infectivity and
the reproductive rate of an infection; ref. 3). Therefore,
to identify factors that might increase an infected
woman’s risk of transmitting her infection to a new
sex partner, we sought to identify risk factors for repeat
versus transient detection (in the first 8 months after
incident infection).
Smoking was positively associated with repeat HPV
detection, but the proportion of smokers in our cohort
was small and the association did not reach statistical
significance. Although smoking is a clear risk factor for
cervical cancer (6), the relationship between smoking and
HPV persistence in the literature is inconsistent and the
stage at which smoking exerts an effect on carcinogenic
progression is unclear (8).
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in concurrently collected cervical swab samples, a finding
that is consistent with data from an Oklahoma colposcopy clinic showing that 75% of women with ASCUS or
low-grade SIL tested positive for multiple HPV types in
the cervix (in that study, younger age was also associated
with multiple type infections in all cervical disease categories; ref. 20). Therefore, our estimates of the median
time from first incident HPV detection (with any type) to
cervical SIL among women who developed SILs within
12 months of first incident HPV infection were likely
overestimates, as the HPV type(s) present in the cervical
swab at the time of SIL detection were not necessarily the
same type(s) present at the time of first incident HPV
detection. While we could not estimate the unconstrained
median time to SIL development (due to limited followup), restricting our estimate to women who developed
SILs within 12 months of their first incident HPV infection was a reasonable analytical approach, as all cervical
HPV types detected concurrently with new SILs were
first detected within the prior 12 months (data not
shown). SILs detected more than 12 months after first
incident HPV infection were likely due to more recently
acquired HPV types. Another limitation is the potential
for false-positive or false-negative results in either our
HPV or cytologic testing. (The 3 cases of SIL that were
detected prior to first incident HPV infection likely indicate either false-positive Pap results or false-negative
HPV results.)
In summary, our results indicate that sporadic detection of incident HPV infections is common in newly
sexually active young women. Whether or not potentially modifiable risk factors can be identified to reduce
the duration of infectivity (and the likelihood of transmission to new sex partners) remains unclear. Finally,
clinically evident low-grade cervical lesions were
a common early manifestation of HPV infections,
but did not appear to be associated with early HPV
persistence.
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