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Abstract
Background—The association of anal cancer with human papillomavirus (HPV) infection is well
established; however, little is known about epidemiology of anal HPV in healthy women. We
investigated patterns of duration and clearance of anal HPV infection in a cohort of healthy women
in Hawaii.

Methods—Viral and non-viral determinants of anal HPV clearance were examined through a
longitudinal cohort study of 431 sexually active women. At baseline and at 4-month intervals,
interviews were conducted and cervical and anal cell specimens were obtained for HPV DNA
detection.

Results—Fifty percent of the 431 women experienced a total of 414 incident anal HPV infections
at one or more clinic visits from baseline through an average 1.2 year follow-up period. Of these
infections, 58% cleared during follow-up. The clearance rate for a high-risk (HR) anal infection was
9.2 (95% confidence interval (CI): 6.9–11.9) per 100 woman-months with a median duration of 150
days (95% CI: 132–243 days). The slowest clearing HR-HPV types were HPV-59 (median, 350 days)
and HPV-58 (median, 252 days). Median clearance times for HPV-16 and -18, the predominant types
associated with anal cancer, were 132 days and 212 days, respectively. Non-viral factors that delayed
clearance of anal HPV included douching, long-term tobacco smoking and anal sex.

Conclusions—The majority of anal HPV infections resolve in a relatively short time. Although
anal HPV is commonly acquired in healthy women, its rapid clearance suggests limited efficacy of
HPV testing as an anal cancer screening tool.
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INTRODUCTION
Anal cancer is an uncommon malignancy and similar to cervical cancer, a causal role for high-
risk human papillomavirus (HPV) infection has been postulated. A key feature of the disease
is higher incidence among women compared to men. In the U.S., there will be an estimated
5,070 new cases of anal cancer in 2008, with 3,050 cases occurring in women and 2,020 cases
in men [1]. The reason for this sex difference is uncertain, although women with a history of
cervical dysplasia and cervical cancer [2,3], a history of anal receptive intercourse [4,5], and
multiple sexual partners [4,6] are at greater risk for this disease.

HPV infection of the anal canal has now been established as a risk factor for anal precursor
lesions [2,7,8] and anal cancer [9]. Although estimates vary, at least 70% of squamous cell
carcinomas of the anus are HPV-related, most of these with oncogenic types HPV-16 and -18.
Only a few investigators have examined prevalence and incidence of anal HPV infection, and
these have been limited to HIV-infected and immunocompromised populations [8,10,11].
Little is known regarding the natural history of anal HPV among non-HIV infected women,
particularly the correlates of HPV clearance among women who are generally healthy and not
at high risk of sexually transmitted infections. Such knowledge is important because anal cancer
incidence has increased worldwide during the past several decades [12–14]. Invasive anal
squamous cell carcinoma rates increased by 1.7% per year among females in the U.S. between
1973 and 2005 (Figure 1). During the same period, a marked annual increase in the rate of in
situ tumors was observed among females (2.9% per year).

Although not generally recognized, the recent U.S. Food and Drug Administration licensure
of a prophylactic vaccine against oncogenic HPV types 16 and 18 may have a profound effect
on the incidence of anal cancer, potentially reducing the incidence of anal malignancy among
women by 2,000 or more cases. An urgent need exists to improve our understanding of anal
HPV epidemiology, to facilitate screening and prevention methods to combat this malignancy.
In a longitudinal cohort study of Hawaii women, we examined the natural history of anal HPV
infection to identify risk factors and patterns of occurrence [16]. The objective of the present
report was to determine viral and non-viral factors associated with the duration and clearance
patterns of anal HPV.

MATERIALS AND METHODS
Subject Recruitment and Follow-Up

Between 1998 and 2003, a cohort of sexually active women was established [16–19] for a
longitudinal study of cervical and anal HPV infection. Cohort participants were recruited
among women attending five clinics on Oahu, Hawaii, who were able to read, understand, and
sign an informed consent form and medical release form approved by the University of Hawaii
Institutional Review Board. Potentially eligible patients included those with appointments for
new or annual gynecologic examinations or for family planning services, who were not
pregnant or postpartum within the past six months, and had no plans to relocate within a year.

Collection of anal specimens following the gynecologic examination was optional. At the first
and subsequent visits, anal cell specimens were obtained among willing women using a Dacron
swab moistened with sterile water. The swab was inserted 1.5 to 2.0 cm into the anus and placed
in 1.0 mL buffered medium (Digene Corp., Gaithersburg, MD). Women entering the cohort
were asked to return every four months for repeat examination and testing.

Upon completion of each clinical examination, the study coordinator administered a study
questionnaire to the participant. The baseline interview included demographic and sexual
activity data, history of tobacco and alcohol use. A second, more detailed questionnaire,
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conducted during the second visit after a four-month interval, included gynecological,
menstrual, reproductive and sexual histories, hormone use, medical history, history of sexually
transmitted infections, and income. Information covered in the baseline questionnaire (sexual
activity, tobacco and alcohol use) was also updated. The questionnaire used at subsequent
interviews was modified slightly for use during the follow-up period; questions included
changes in sexual and reproductive information during the intervening period between clinic
visits.

Laboratory Analysis
HPV DNA was extracted from exfoliated cervical and anal cell specimens using commercial
reagents (Qiagen Inc, Valencia CA). Specimens were analyzed for presence of HPV DNA by
PCR using a modified version of the PGMY09/PGMY11 primer system [20], which showed
good sensitivity and accuracy of HPV DNA detection in recent validation studies [21,22]. HPV
DNA-positive specimens were genotyped using a reverse line blot detection method [23] for
36 different HPV types including high-risk (HR) types 16, 18, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, 68, 70, 73, and 82; low-risk (LR) types 6, 11, 42, 54, 61, 72, 81, and 89; and
undetermined-risk types 44, 62, 67, 71, 83, and 84 [24,25] (Roche Molecular Systems,
Pleasanton, CA). We defined the risk (oncogenic potential) associated with various HPV types
using the International Agency for Research on Cancer definition [25]. HPV-positive
specimens subsequently found to be negative in the genotyping assay were considered
unclassified HPV-positive specimens. All specimens were also tested for the human β-globin
gene as an internal control for sample sufficiency. 163 (20.3%) specimens testing negative for
β-globin were considered to be insufficient and were excluded from analyses.

Statistical Analysis
Analyses were conducted using SAS version 9.1.3 (SAS Institute, Inc) and limited to the 431
women who completed at least two clinic visits and the detailed questionnaire at visit 2. To
prevent bias in estimates due to left censoring, we only considered incident infections, i.e.
infections first detected at the second or subsequent visit. Duration of infection was the time
from the first detection of anal HPV infection until the first negative result for that infection.
Kaplan-Meier method was used to calculate median duration of anal and cervical HPV
infections grouped by oncogenic risk and phylogenetic species. HPV type-specific clearance
rates per 100 person-months were calculated for all detected anal HPV genotypes and grouped
by the number of other genotypes present at the clinic visit preceding clearance of the index
infection. Poisson exact confidence intervals were constructed for all clearance rates [26].
Clearance rates for five age groups were calculated using the same techniques, and were used
to construct age-specific anal HPV clearance curves.

The association of anal HPV clearance with exposures of interest was modeled through Cox
regression using days since infection acquisition as the time metric, after adjustment for age
at study entry. Infections with unclassified HPV types were excluded from the analysis.
Because nearly 10% of study participants did not provide the number of their lifetime sexual
partners, this factor was not included as an adjustment variable. Other adjustment factors were
considered, but their inclusion in the models did not result in over 10% change in the parameter
estimates [27] nor in a significantly better fit according to the likelihood ratio test. The
proportional hazards assumption for Cox models was verified by plotting scaled Schoenfeld
residuals against time to HPV clearance [28]. Relative risks (RR), as estimated by hazard ratios,
and 95% confidence intervals (CI) were used as measures of association. Because each subject
was allowed to experience more than one clearance event throughout the course of the study,
we used a robust sandwich variance estimate [29], aggregated over subjects, to prevent
artificially deflated standard errors and confidence interval estimates.
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RESULTS
Among the 431 women included in this analysis, 215 (50%) experienced at least one incident
anal HPV infection, and 177 (41%) were HPV negative on all study visits. The remaining 9%
had a prevalent infection at baseline but no incident infections. Baseline and follow-up included
1508 visits in which anal specimens were collected (median, 3.5 visits/subject). The cumulative
follow-up experience for this cohort was 7004 woman-months (mean, 487 days). The
prevalence of anal HPV infection at enrollment was 42% (183 HPV-positive cases). The cohort
had a multiethnic composition, with the majority of subjects non-Caucasian women. The
median age of cohort participants was 40 years (mean, 39.4 years); 14% of women were current
tobacco smokers and 23% were current alcohol drinkers at baseline [16].

The rate of clearance of incident anal HPV infections was 8.57 (CI: 6.89–10.54) per 100
woman-months (Table 1). HR-HPV infections cleared faster (9.16; CI: 6.94–11.87 per 100
woman-months) than LR-HPV infections (7.85; CI: 5.68–10.57 per 100 woman-months).
Accordingly, the median duration of LR-HPV infections (224 d) exceeded that of HR-HPV
infections (150 d). Two HR-HPV types, HPV-59 and -58, and two types of undetermined
oncogenicity, HPV-83 and -71, had the longest clearance times. Among the alpha-
papillomavirus species, the fastest clearing were alpha-5 infections (15.23; CI: 6.96–28.91 per
100 woman-months), and the slowest clearing were alpha-10 infections (7.71; CI: 3.33–15.19
per 100 woman-months).

The presence of another HPV genotype increased the clearance rate of both HR-and LR-HPV
infections, but the difference was not statistically significant. The rate of clearance of anal HR-
HPV infections was 3.86 (95% CI: 2.47–5.74) per 100 woman-months among women without
a coinfection at the visit prior to clearance, and 5.30 (95% CI: 3.65–7.45) per 100 woman-
months among women with one or more HPV coinfections. This pattern was observed across
most HPV groups. Compared to infections with a single HPV genotype, the clearance rate
among women with one or more coinfections was over 4 times higher for HPV-16, -52, -54,
and species alpha-1 and -9; nearly 3 times higher for HPV-56, -42, -84, and species alpha-7
and -10, although the confidence intervals overlapped.

Based on Cox regression, the risk of clearance of LR-HPV infection was higher in the presence
of HPV-61 (RR: 3.95; CI: 1.83–8.55) or any two other genotypes (RR: 2.54; CI: 1.18–5.46)
(Table 2). Coinfections with other HPV types tended to increase the chances of clearance of
LR-HPV infection, although the differences were not significant. The presence of other
genotypes did not substantially affect the clearance of HR-HPV. A higher number of co-
existing genotypes did not change anal HPV clearance rates.

No significant association was observed between the age of participants at baseline and anal
HPV clearance (Table 3). Clearance rates of HR-HPV were slightly elevated for those 45 years
and older, while clearance rates of LR-HPV were nearly constant across age groups and
consistently lower than those of HR-HPV (Figure 2). Older age at first sexual intercourse was
associated with higher clearance rates for any HPV, while greater number of lifetime sexual
partners reduced clearance rates, but the associations were not significant. Women who took
oral contraceptives for 2–4 years exhibited higher anal HPV clearance rates, but no particular
trend was observed.

History of tobacco smoking was associated with non-significantly reduced risk of anal HPV
clearance, with a tendency toward increased HR-HPV persistence by pack-years of tobacco
smoking (Table 3). A lower risk of HR-HPV clearance was also observed in women who
douched. Current practice of anal sex significantly reduced the chances of anal HPV clearance
overall, and among women with LR-HPV infections. Including these factors in a multivariate
Cox model yielded similar risk estimates (data not shown).
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DISCUSSION
In this study of anal HPV duration and clearance among healthy adult women, we found that
anal HPV infections were moderately common [16], and had relatively short duration. Most
anal HPV infections in our study were transient, with 87% of cleared infections clearing within
1 year. The median duration of anal HR-HPV infections was 5 months, shorter than the median
duration of 8 months for cervical HR-HPV in the same group of women [19]. The latter figure
is in agreement with the 8–20 month median duration of cervical HR-HPV reported by most
other studies [30]. It is unclear whether the much lower incidence of anal cancer compared to
cervical cancer is due to faster clearance of anal HPV or to different biology. Faster clearance
of anal HR-HPV, as compared to cervical HR-HPV, may result from a number of factors. A
higher concentration of keratinized cells in the epithelial tissues of the anus may hinder HPV
persistence and facilitate more rapid clearance. Whether non-specific immunity of the
gastrointestinal tract could contribute to reduced duration of anal HR-HPV is unclear and
warrants further investigation. Association between cervical and anal HPV in our cohort will
be the subject of a separate report.

The effect of multiple genotypes on clearance of anal HPV is largely unexplored. Hernandez
et al. [17] speculated that women with multiple-type anal HPV infections are more susceptible
to such infections due to impaired immune function or other factors. In the present study,
clearance of both HR-and LR-HPV anal infections was enhanced in the presence of one or
more other HPV genotypes. This could possibly be explained by competition among the
established HPV infections, generally not found in the cervix [31,32]. An effect of multiple
infections has also been found in our cohort for anal HPV acquisition. Goodman et al. [16]
reported that the risk of acquisition of a new anal HPV infection was increased in the presence
of another HPV genotype, and that certain genotypes, such as HPV-16, had greater effect on
the acquisition of new HPV infections.

Overall, anal infections with LR-HPV types took longer to resolve in our cohort than did HR-
HPV types. This is in contrast to findings from most cervical HPV natural history studies in
which LR-HPV types generally clear faster than HR-HPV types [30,33]. HPV-16, the most
common oncogenic genotype found in association with cervical malignancy, tends to persist
longer in cervical tissue than other types [34]. In contrast, anal HPV-16 infections generally
cleared within ~4 months in our study, much faster than many other genotypes. The ability to
rapidly clear HPV-16 may protect anal cells from clonal progression of the persistently infected
epithelium to anal pre-cancer and invasion. Our observation supports the hypothesis that certain
HPV types have different tropism to the anus than to the cervix [17]. Frisch et al. [6] found
LR-HPV DNA in only 4% of anal cancers; therefore, longer persistence of LR-HPV types is
unlikely to influence their oncogenic potential. Nonetheless, the presence of LR-HPV
genotypes may delay clearance of concurrent HR-HPV infections or, through weakening the
host’s immune system, increase susceptibility to subsequent acquisition of high-risk anal HPV.

Non-viral factors that delayed clearance of anal HPV in our study included long-term tobacco
smoking. Tobacco smoking has been established as a risk factor for anal cancer [4,35], but it
is not associated with increased risk of anal HPV acquisition in our cohort [16] and other studies
[10]. The results of the present analysis suggest that the effect of smoking in the etiology of
anal cancer is in part due to a longer clearance time, but not higher acquisition rate of anal
HPV. Behavioral factors, such as current practice of anal sex, also reduced the risk of anal
HPV clearance in our cohort. One possible explanation is that increased exposure through anal
intercourse contributes to continued reinfection. Since we are unable to distinguish HPV
infections that were resolved and reacquired between clinic visits from those that persisted
from one visit to the next, this reinfection with the same HPV genotype may help explain the
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slower clearance we have found in this study. An association of douching with reduced
clearance time may also be a result of inadvertent reinfection of the anus with HPV.

If anal cancer rates continue increasing in the U.S., more consideration should be given to the
implementation of anal cancer screening programs. However, it is unclear whether anal HPV
testing would be an effective cancer screening technique. The potential benefits of cervical
HR-HPV testing as a cancer screening tool have recently been addressed in the literature. In a
study of 10,154 women, Mayrand et al. [36] reported sensitivity of HPV testing for cervical
intraepithelial neoplasia to be 94.6%, as compared to 55.4% sensitivity for the Pap smear.
Given the highly transient nature of anal HPV infections and a relatively low incidence of anal
cancer, a test for anal HPV is more likely to pick up short-term infections that resolve
spontaneously, rather than persistent infections with the potential to progress to precancerous
lesions. Therefore, as a cancer screening tool, anal HPV testing would likely have lower
sensitivity and positive predictive value than cervical HPV testing and thus may not be as cost-
effective.

Further, because we do not completely understand how specific HPV types affect anal cancer
development, it is unclear which HPV genotypes should be targeted in a population-wide anal
HPV testing program. Further research is necessary to address these issues. The risk factors
identified in this report that hinder clearance of anal HPV may be helpful in designing a
screening program based on risk stratification, whereby individuals with higher perceived risk
for anal cancer would be given priority screening [37].

The advantages of this study include a long mean follow-up period of ~16 months and a
relatively short interval between visits. The unique ethnic composition of Hawaii population
enabled us to compare anal HPV clearance rates in women from various racial and ethnic
groups. Limitations of this study included its recruitment scheme. Study subjects were recruited
among college students and patients of health maintenance organizations, so our results may
not be generalizable to the entire population. In addition, collection of anal specimens was
optional; women who chose to provide them comprised 66% of cervical study participants and
differed from those who did not with respect to age and ethnicity [17]. Another limitation of
this and other longitudinal studies of HPV infection is the assumption that the same genotype
detected at consecutive visits represents the same persistent infection, rather than reinfection
after clearance. We defined clearance as a single negative visit after a positive, whereas some
investigators have argued in favor of a two-negative-visit definition. In our study, the same
genotype reappeared after a negative in 39 subjects, indicating that these genotypes could have
been missed during PCR hybridization-based genotyping.

In summary, the differences in duration between anal and cervical HPV infections found in
this cohort suggest a different disease natural history at these two sites. Shorter overall duration
of anal HPV infection could reduce sensitivity of anal HPV testing, rendering it less cost-
effective than cervical HPV testing as a cancer screening tool. The potential of anal HPV testing
for anal cancer prevention should be re-evaluated when more affordable, cost-effective HPV
testing is developed and when the longer-term effects of HPV vaccination on the prevalence
of HPV-16 are better understood.
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Figure 1.
Age-adjusted incidence rates (per 1,000,000) of anal cancer among women: 1973–2005.
Source: Survey Epidemiology and End Results (SEER) program data file, “Incidence SEER 9
Registries Limited-Use, Nov 2007 Sub (1973–2005)”. Trends and incidence rates calculated
using SEER*STAT software [15].
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Figure 2.
Clearance rates of anal HPV infection, by age group and oncogenic risk.a
aClearance rates among the 215 participants who experienced an incident anal HPV infection
during the study period. HR-HPV: any high-risk HPV genotype; LR-HPV: any low-risk HPV
genotype.
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