1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Cancer Epidemiol Biomarkers Prev. 2010 August ; 19(8): 2055—-2065. doi:
10.1158/1055-9965.EPI-10-0394.

The role of sexual behavior and HPV persistence in predicting
repeated infections with new HPV types

Anna-Barbara Moscicki, MD1, Yifei Ma, MSL, Janet Jonte, NP1, Susanna Miller-
Benningfield, BAL, Lynn Hanson, NP1, Julie Jay, NPl Cheryl Godwin-deMedina, BAL,
Sepideh Farhat, MScl, Lisa Clayton, BS!, and Stephen Shiboski, PhD?

1 Department of Pediatrics, Division of Adolescent Medicine, University of California, San
Francisco

2 Department of Epidemiology and Biostatistics, University of California San Francisco

Abstract

Background—Although HPV infections are common in young women, the rate of and risk for
repeated new infections are not well documented. We examined the rate of and risks for new HPV
detection in young women.

Methods—We used data from an ongoing study of HPV, initiated in 1990. Sexually active
women aged 12-22 years were eligible. Interviews on behaviors and HPV testing were performed
at 4-month intervals; sexually transmitted infection (STI) testing was annual or if symptomatic.
Starting with 15t HPV detection, time to the next (2"d) visit (event) with detection of new HPV
types and then the 2" event to time to 3™ event was calculated. Risks were determined using Cox
Proportional hazard model.

Results—Sixty-nine percent of 1,125 women had a 2" event and of those with a 2"d event, 63%
had a 3" event by 3 years, respectively. Women with HPV persistence from initial visit to 2"
event [Hazard ratio (H.R.) = 4.51 (3.78 - 5.37)], an STI (H.R. = 1.47 (1.00 — 2.17), bacterial
vaginosis (H.R. = 1.60 (1.07 — 2.39), and number of new sex partners (H.R. = 1.10 (1.05-1.15
per partner/month) were independent associations for HPV. Risks for 3™ event were similar.

Conclusion—This study documents the repeated nature of HPV infections in young women and
their association with sexual risk behaviors.

Impact—This finding underscores the lack of clinical utility of HPV testing in young women.
Further studies are needed to examine host factors that lead to HPV acquisition and persistence.
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INTRODUCTION

Prevalence and incidence studies have repeatedly demonstrated the common nature of
human papillomavirus (HPV) infections in young women with prevalence rates averaging
20% and incident rates reaching 50% within 3—4 years after the initiation of sexual activity.
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(1-3) Most of these infections belong to HPV’s high risk category (i.e. those associated with
cancer). Risks for acquisition of cervical infections are almost exclusively those associated
with sexual behavior with a recent new sexual partner reflecting the strongest risk. (2-5)
Although a marker of sexual risk, associations with sexually transmitted infections (STIs)
including HIV have been less consistent. In part, the inconsistency may be due to the lack of
documented STIs preceding HPV infection. Since STI’s induce inflammation, they may
reflect a biologic risk in that they allow access to basal epithelial cells, the key portal for
viral entry. Using serologic evidence, we previously showed that a previous herpes simplex
virus (HSV) infection was an important risk for acquisition. (2) Although C. trachomatis has
been shown to be a risk for invasive cervical cancer (6), most prospective studies of incident
HPV either have not measured past history or have not found an association with C.
trachomatis and subsequent incident of HPV. (2—4,7) In contrast there have been a few
cross-sectional studies showing a higher rate of C. trachomatis in women with HPV than
without. (8)

It has been proposed that repeated infections with new HPV types in young women are
equally common as initial infections, hence, new guidelines for cervical cytology screening
have precluded HPV DNA testing in young women. (9,10) However, the actual rates of
these “new” infections have not been well documented. In a lower socioeconomic Brazilian
population aged 18 to 60 years, Roussea et al (11) found that 25-35% of women acquired a
new infection within 12 months of a previously documented HPV infection.

As described above, most studies have focused on risk for first detected infection, whether
prevalent or incident. In contrast, no studies to date have examined behavioral risks for
repeated infections. There has been some thought that frequent detection reflects recurrence
of latent infections, specifically as a women ages. Overall, the rates of HPV have been
shown to decline with age. (1,12) This would be expected since clearance of HPV in a
young women leads to type specific immunity protecting her from future infections of these
types. The remaining types which she has not been exposed to as a young woman are likely
to be less common types helping to explain the lower incidence as a woman ages. (13) On
the other hand, some studies have demonstrated a rise in HPV prevalence in perimenopausal
women.(1) In addition, there have been reports of high rates of abnormal Pap smears in
women over 65 years of age suggesting the recurrence of a latent infections. (14)

The aim of the study was to examine the rate of acquiring new HPV type infections after the
first detected infection in a cohort of adolescents and young women and to examine risks for
these repeated infections.

MATERIALS AND METHODS

Subject population

Women in this study were recruited into the Teen HPV natural history study starting in
1990. Recruitment of these women has been detailed previously. (15-18) In brief, sexually
active women from 1990 to 1994 were recruited from a state university medical clinic and
Planned Parenthood clinic. Women were screened for HPV DNA. (16) If positive, women
were contacted for eligibility. Inclusion criteria included being between 13 and 21 years of
age and having had less than 5 years of sexual experience. Women were excluded if they
were immunosuppressed, currently pregnant or had a history of ablative or surgical therapy
of the cervix. A smaller group of HPV negative women were randomly identified and
recruited. A total of 908 women were recruited into this study. In 1999, women who were
still actively participating and had become HPV negative for over two years (a minimum of
7 consecutive negative tests at 4 month intervals) were exited; 125 (31%) continued in the
study after 1999. This cohort is referred to as the old cohort. Between 2000 and 2004, a
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second wave of recruitment (referred to as new cohort) was initiated from the same sites,
however, women were randomly approached and not recruited based on HPV status. Other
inclusion criteria as described above were applied. Six-hundred fifty one women were
recruited into the new cohort. Although the cohort is ongoing, the data was censored as of
September, 2007.

There were some differences in cohorts at baseline: the older cohort had more subjects that
were white compared to the new cohort (54% vs 27%, respectively; p<0.0001); were more
likely to report a past pregnancy (32% vs 18%, respectively; p<0.0001) and report a past
history of C. trachomatis (23% vs 9%, respectively; p<0.0001). The older cohort also had
more number of lifetime sexual partners (6.9 vs 4.5; p<0.0001). The differences were likely
due to the recruitment strategies for the older cohort as well as sexual and screening
practices within the intervening decade. No differences were found in regards to age,
condom use, past history of other STls and age of first intercourse.

This study was approved by the University of California, San Francisco and San Francisco
State. University institutional review boards. Women were seen at baseline and 4-month
intervals for interview on demographics including race and ethnicity and detailed sexual and
substance use behaviors as detailed previously. (2,16,17) Examinations included samples for
HPV DNA testing, cytology, and wet mounts for diagnosis of T. vaginalis, yeast, and
bacterial vaginosis. (2,15,17,18) Samples for C. trachomatis and N. gonorrhoeae were
obtained at annual visits or if symptomatic and tested using amplification techniques. For
one year, all samples were screened for T. vaginalis using wet mount and culture
(InPouchTV, Biomed Diagnostics, White City, Oregon). Since no cases were missed by wet
mount, cultures were discontinued. Subjects were encouraged to use the study clinic for all
lower genital tract symptoms in order to document infections. Lesions suggested of HSV
were tested by standard culture and direct fluorescent antibody. Only those lesions positive
for HSV were considered HSV infected.

All samples were processed in the same laboratory. HPV typing for the old and new cohorts
were previously described using the PGMY09/11 primer system. (17,18) Briefly, denatured
biotin-labeled PCR product was hybridized to an array of immobilized oligonucleotides:
HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 55, 56, 58, 59, 68, 82, 83, 73, 6, 11, 40, 42,
53, 54, 57, 66, 84 and two B-globin controls for monitoring sample adequacy. An enhanced
chemiluminescence (ECL) system in a dot blot format tested for HPV 67, 70 and 72. In
2003, HPV types 61, 62, 64, 67, 70, 71, 72, 81 and 89 were added to the set of immobilized
oligonucleotides and the ECL was discontinued. Samples with negative beta-globin or
positive for three or more HPV types were re-prepped and re-amplified by PCR. Only those
types matching in both amplifications were considered positive. Five percent of all samples
were chosen at random and run in duplicate on each plate.

DATA ANALYSIS

Subjects for this analysis must have had at least one visit with a positive HPV test (whether
prevalent or incident) and at least one follow-up visit following the positive HPV test.
Sexual behaviors and reported sexually transmitted infections (STI) were calculated as
recent (reported on the 4 month questionnaire as “since your last visit, have you had”) or
cumulative. Most variables were time-dependent except race/ethnicity, age at menarche, first
cigarette use, and first sexual intercourse. Baseline data for both groups has been previously
reported. (2,16,18) Since the study has been ongoing for several years, characteristics from
the last study visit (recent and/or cumulative) is shown in Table 1. Race/ethnicity was
examined since disparaties among race/ethnicity have been noted for many of the STIs.
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Kaplan-Meier estimates of the distribution of time to reinfection were based on the visit of
the first detected infection (incident or prevalent) and the first visit for which at least one
new HPV type was detected (termed the 2"d event). Actual event times were imputed as the
midpoint of the intervals between these two visits. Separate estimates were made for groups
of women defined by number of HPV types detected at the visit of first infection, including
one, two, three, and four or more types. Occurrence of a new type was based on the first
visit where a type distinct from the type(s) detected at the visit of first infection.

Separate estimates were also made for women with persistent first infections and those who
had cleared the first infection at the time of detection of a second infection. Persistence was
defined as continued detection of the first type at the 2"d event. For those with persistence,
the median time of persistence prior to 2" event was 5.4 months (interquartile range (IQR)
= 4.2 - 9.8). Clearance of a particular type was defined as occurring on the first of two
consecutive negative tests for that type. At least 3 consecutive follow-up visits were required
for a woman to be eligible for estimates of clearance distributions. Women whose observed
tests ended with a single HPV negative visit and no subsequent negative confirmatory visit
were right-censored at the last positive visit. Time from the 2" event to a 3" event for new
HPV types was defined using the same procedure just described. The median time of
persistence between the 2"d and 3" event was 8.0 months (IQR = 4.4 — 13.0). Between-
group differences in estimated distributions of time to re-infection were evaluated using log-
rank tests.

To assess sensitivity of Kaplan-Meier estimates of the distribution of time to the 2"d event to
the inclusion of prevalent initial infections and midpoint imputation of reinfection event
times, we made alternate estimates for these distributions using methods for doubly censored
event time data. This approach avoids assumptions about the exact time of occurrence of the
initial infection and reinfections, and uses the information about possible event times
contained within the visit intervals in which the events occurred. Rather than imputing
possible event times within these intervals, the estimate is based on semiparametric
maximum likelihood techniques that average over possible event times in producing a final
estimate. (19). Intervals for the initial infection extended from the date of first reported
sexual activity to the date of the first prevalent HPV test. The interval for the 2nd event
extends from the last date the person was known to be negative for the new type, to the first
time observed positive with that type. The resulting estimates were compared to the Kaplan-
Meier estimates at specific distribution times (1 and 3 years). We did not perform doubly
censored estimates for time to 3" event from 2" event since all 2" events by definition
were incident.

Cox proportional hazards regression models were used to evaluate the effects of both fixed
and time-dependent covariates. For the 2" event analysis, covariates displaying marginal
associations significant at 0.10 level or below were considered in multivariate regression
models. Final models included variables significant at 0.05 or below, as well as those that
were considered a priori as important to control for including source cohort (new vs. old)
and prevalent vs. incident 15t detected HPV. The models for the 3" event were selected in
the same fashion, except that we also included the variables significant in the models for the
2"d event as potential candidate variables. Overall statistical significance of the models was
measured by the likelihood ratio chi-square statistic. We examined each STI separately in
the model as well as combined. HSV was examined using the cumulative lab documented
data only since too few cases were available for visit specific analysis (previous or current)
using lab data. For reported history, we used HSV since last visit and cumulative. We
excluded HSV from the combined STI variable since HSV is considered a latent infection
with known recurrences and hence would not reflect necessarily new STI exposure. HSV
serology was not available. We also compared relative hazards for the effects of fixed
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covariates in Cox models for the 2"d event analyses to corresponding relative hazards
estimated from proportional hazards models for doubly censored event times, to assess
sensitivity of results to inclusion of prevalent infections. These analyses did not extend to
evaluation of covariate effects for time varying covariates because regression methods for
doubly censored outcomes including such covariates have not been developed.

As mentioned, in 2003, HPV types 61, 62, 64, 71, 81 and 89 were added to the set of
olignonucleotides for HPV testing. Since we did not have information on these types
previous to this date, the chance of acquiring HPV increased after 2003. To examine the
impact these types had on the analysis, we made additional Kaplan-Meier estimates
excluding these 6 types. Since the effects on resulting estimates were minimal (see text), and
exclusion could also lead to bias assessment of covariate effects, we chose not to exclude
them in regression models. The new types did not affect the old cohort since most had their
3" event prior to 2003. For women with follow-up pre-and post-2003 and for whom at least
one of the 6 types was detected as an event, we pulled the previous samples and retested
them for the 6 types to determine if the infection was truly new. Five women were excluded
from the analysis since we were unable to determine exactly when this type appeared.

One thousand one hundred twenty-five women, reflecting 13,775 visits, were eligible for
this analysis; 635 women from the old cohort and 490 from the new cohort. Table 1
describes the demographics at baseline and sexual and substance use behavior at the last
available study visit for both recent and cumulative behaviors. The mean age at end of
follow-up was 24.01 years (range 14.5-39.25). The rate of reported C. trachomatis, N.
gonorroeae and T. vaginalis were approximately twice as high as the laboratory documented
rate. The majority of the reported infections that were not verified were from the baseline
visit.

Time to 2"9 and 3™ event with new HPV types

Forty-eight percent had a 2" event with new HPV types detected by one year follow-up and
69% by three years. Of the women with a 2" event, 43% had a 3'd event with new HPV
types detected within the following year and 63% by three years. Figures 1a and 1b show the
Kaplan-Meier curves for time to 2"d and 3" event. When we ignored the 6 HPV types
introduced in 2003, rates were relatively unchanged: 45% and 67% had a 2" event by one
and three years, respectively, and 42% and 62% had a 3" event by one and three years,
respectively. Because the prevalent cases may differ in risk for HPV acquisition, we made
alternate estimates for these distributions for the 2" event using methods for doubly
censored event time data as described above. Using this method, we found that 28% had a
2"d event by one year and 64% by three years. This showed that the prevalent cases may
bias early estimates of 2nd HPV events but that this difference lessens over time.
Comparison of the two estimates of 24 HPV events is shown in Figure 1a.

Multiple vs Single HPV type infections

Forty-four percent of women with a single HPV type detected at the 15t event had a 2"
event by one year of follow-up and 67% by three years. The corresponding percentages for
one and three years are 49% and 73% for women with two HPV types, 53% and 69% for
women with three types, and 65% and 78% for women with four or more types. Overall, the
difference between two types and single type is statistically significant (p=0.04), as well as
the difference between four or more types and single type (p=0.001), two types (p=0.03),
and three types (p=0.02). Figure 2 shows the Kaplan-Meier curves for multiple vs single

types.
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For time from 2" event to 3™ event, 39% of women with one HPV type at a 2" event had a
3" event by one year and 62% by 3 years. The corresponding percentages for one and three
years are 39% and 60% for women with two HPV types at a 2" event, 58% and 72% for
women with three types, and 45% and 64% for women with four or more types. Overall,
there is no significant difference between number of types in time to the 3/ event.

Persistence vs clearance

We next examined rate of acquisition by whether any of the types detected at the 15t event
persisted and by presence of multiple types. Figure 3 shows that persistence of any of the
HPV types detected at the 15t event highly influenced the rate of acquisition independent of
whether there were multiple or single types present. Overall, for those with a 15t event, 35%
of women acquired a new HPV type within one year and 60% within 3 years if the initial
infection was cleared. In comparison, 78% of women acquired a new HPV type within one
year and 93% within 3 years if one HPV type from the 15t event persisted (p<0.0001). When
we examined the incident cases only for first detected HPV visit, the results were consistent
(data not shown). Among those with a 2" event, 30% of women had a 3" visit with a new
HPV type within one year and 52% had a 3" visit within 3 years if the previous infection
cleared. In comparison, 72% and 91% had a 3" visit with new HPV types within one and
three years, respectively, if an HPV type from the 2" event continued to persist to 3" event
(p<0.0001).

Univariate associations for new HPV type detection

Univariate associations using Cox proportional hazards model for the 2"d and 3
acquisitions with new HPV types are summarized in Table 2. In addition to persistent
infection, associations for the 24 HPV event (new incident infection) included cohort (new
vs old), illicit drug use, medroxyprogesterone acetate use, irregular menses, number of hew
sexual partners in past 8 months, total number of lifetime partners, recent history of reported
anal sex, African American race (vs white), and Asian/Pacific Islander (vs white). Older age,
greater number of years sexually active, and current oral contraceptive use were protective.

When looking at reported STI history, self-report of a recent case of N. gonorrhoeae, C.
trachomatis, HSV, bacterial vaginosis or an unspecified STI were all associated with
acquisition of a new HPV type. A cumulative report of having had a prior STI (included N.
gonorrhoeae, C. trachomatis and T. vaginalis) or HSV was also significant. When we
examined laboratory documented infections, having a current STI (same visit as incident
HPV) was not a risk. However, having a documented STI (inclusive of C. trachomatis, N.
gonorrhoeae and T. vaginalis) at the previous visit or prior to the incident visit was a
significant risk. More specifically this was true for C. trachomatis and N. gonorrhoeae but
not T. vaginalis. Cumulative history was also significant for C. trachomatis and N.
gonorrhoeae. Having a current, previous or cumulative history of bacterial vaginosis was
also a significant risk for acquiring a new HPV type. The presence of greater than 10
polymorphonuclear cells per high powered field (PMNs/hpf) on wet mount at the incident
visit was protective. Relative hazards for the effect of fixed covariates estimated using the
doubly censored approach were comparable to corresponding estimates from Cox models
(data not shown).

Similar associations were found for 3@ HPV event for the following factors: persistent
infection from the 219 to 3" event, cohort (new vs old), medroxyprogesterone acetate use,
irregular menses, number of new sexual partners in past 8 months, recent history of reported
anal sex,, previous history of C. trachomatis, bacterial vaginosis or any STI, current history
of bacterial vaginosis, and cumulative history of C. trachomatis, bacterial vaginosis or any
STI. Significant associations with reported histories included recent history of bacterial

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2011 August 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Moscicki et al.

Page 7

vaginosis, N. gonorrhoeae, C. trachomatis, any STI, and genital warts. Older age, greater
number of years sexually active, and current oral contraceptive use were protective.
Additional risks for the 3™ event not seen for the 2"d event included a recent history of
genital warts, smoking cigarettes, a recent history of douching and a current lab documented
N. gonorrhoeae infection.

We also compared persistence of HPV 16/18 to high-risk non-HPV 16/18 and low-risk
types. We found that there was no difference in risk for 2nd infection between low-risk type
persistence and HPV 16/18 persistence (HR= 1.12 95% CI .79-1.57). Persistence of high-
risk non HPV 16/18 had a slightly higher risk of a new infection compared to persistence of
HPV 16/18 (HR = 1.38 95% CI 1.04-1.81). No differences were found for 3™ infection
between HPV 16/18 persistence and either persistence of high-risk non HPV 16/18 or low-
risk HPV types.

Multivariate analysis for risk of 2"d and 3" event with new HPV types

Because the reported and the documented STI histories are correlated, having them in the
same model would likely result in collinearity issues. Consequently, we created 2 models. In
the first model using laboratory documented STIs, significant associations for acquisition of
anew HPV type included persistent HPV infection from 15t visit with HPV, African-
American race (vs white), mixed race (vs white), number of new partners in past 8 months,
recent anal sex, diagnosis of bacterial vaginosis at the previous visit, and diagnosis of an STI
(inclusive of N. gonorrhoeae, C. trachomatis and T. vaginalis) at the previous visit.
Increasing age and having greater than 10 PMNs/hpf at the incident visit were protective.
Multivariate associations are summarized in Table 3.

Although having a current STI was not significant in the univariate analysis, we ran the
model with current STI and found it not significant in the multivariate as well. When we
examined the multivariate model with all the individual significant STIs from Table 2, N.
gonorrhoeae at the previous visit [HR = 2.48 (95% CI 1.07-5.74)] was significant but not C.
trachomatis [HR =1.08 (95% CI .67-1.72)].

The second model using reported STI history had similar findings. The only difference was
that reported history of bacterial vaginosis was not significant and the trend for weekly drug
use was no longer seen.

The analysis showed similar risks for the 3™ event as the 2"d event except race, diagnosis of
bacterial vaginosis and presence of PMNs at incident visit were not significant. The model
with reported STI history showed similar findings.

DISCUSSION

This is the first study that we are aware that has looked at behavioral factors and laboratory
based infection status as risks for repeated HPV detection events with new types. Not
surprisingly, since HPV is a sexually transmitted infection, we found that significant risks
were primarily those associated with sexual behavior. As in many incident studies, reporting
a recent new partner was one of the strongest risks.(12) There was a 9% increase in risk for
every partner reported in the past 8 months. Interestingly, abstinence was not protective
compared to having no new partners underscoring the protection associated with
monogamous relationships. On closer examination, the risk associated with a new partner
was greater if the new partner was reported within the past 8 months rather than the past 4
months (data not shown). This risk found within the past 8 months was also shown by Winer
and colleagues (3) suggesting that it may take up to 8 months before an infection is
established and replication has reached a level adequate for detection. We also note that total
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number of sexual partners was not significant in either event underscoring the importance of
recent exposure rather than past history.

As found in numerous prevalence studies, increasing age was protective. It is reported that
as a woman ages, she has fewer current sexual partners. (20) However, the lower risk in
older women has been found to be independent of the number of reported new partners
suggesting that young age also reflects a biologic vulnerability. (13) One reason for this
protection is the natural immunity women develop after clearing HPV infection. Hence, the
older the woman, the more likely she has acquired and cleared infections and remains
protected from repeat exposures. This was supported by the observation that the old cohort
was less likely to have repeat infections than the new cohort. Since the old cohort had more
number of lifetime sexual partners, pregnancies and STIs at baseline, they were also more
likely to have had previous HPV exposures. On the other hand, the topography of the cervix
in young versus older women may also explain this difference. Young women have a
predominance of metaplastic tissue on the ectocervix, which may be more vulnerable than
squamous epithelium.

The finding associated with race, specifically African Americans is not new to STI
epidemiology. African Americans have higher rates of C. trachomatis, N. gonorrhoeae,
syphylis, herpes simplex virus, and HIV. (21) These behaviors are not explained by
individual sexual behaviors rather are thought to be a complex interaction of determinants of
social health specifically access to health care and sexual networks. (22) We found African
Americans in our study were an independent risk factor for the 2" event underscoring the
vulnerability of this group. The loss of race/ethnicity for the 3" event may imply that access
to health care did, in fact, influence risk early in the study. Since we offer reproductive
health care to all of our subjects, we would have expected that the longer our subjects were
in the study, the more likely they were all receiving similar health care regarding STI
screening.

The role of anal sex certainly is interesting as well as plausible specifically in those who
practice both vaginal and anal intercourse regularly. Several studies have shown that HPV
infections of the anus are quite common in women with some studies showing higher rates
of HPV in the anus than the cervix. (23—-25) Many have suggested that the anus is an
important reservoir for HPV since similar types can be detected in the anus and the cervix.
(23) Most of our women did not practice anal sex without also engaging in vaginal
intercourse during the same sexual encounter and condom use during anal sex was rarely
practiced (data not shown).

Our finding associated with STI acquisition was not surprising since STls can induce
inflammation resulting in breaks in the epithelial barrier allowing HPV direct access to basal
epithelial cells. STIs also reflect partner risk (i.e. polygamy on part of one of the partners)
and therefore is a marker for HPV exposure and not necessarily a biologic risk. Of interest,
studies controlling for sexual behavior have not found STIs to be important. (26) We believe
our close surveillance of STIs allowed a more thorough examination of risk compared to
other studies. Of note, our laboratory documented and reported histories of infection gave
similar results. Since we followed the women at close intervals, we likely enhanced their
recall of STls. Since the pooled STI variable appeared to reflect a stronger risk than any one
single STI, it may imply the risk is primarily behavior-associated. On the other hand,
inflammation in general, rather than the effects of a specific infectious agent, may be the
risk. This latter hypothesis is supported by the significant association with a reported HSV
event. In this case, reported history is likely more accurate than our lab documented variable
since the brevity of HSV shedding in recurrences precluded us in documenting infection. In
a previous publication, we found that HSV infection defined by serology was associated
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with HPV acquisition. (2) Unfortunately, serology was not available for this analysis. The
lack of association with T. vaginalis alone was likely due to the small number of cases and
insensitivity of the wet mount to diagnose T. vaginalis. Although the relationship with
bacterial vaginosis with sexual activity is less well established, it has been associated the
acquisition of other STIs such as HIV and HSV (27) but less so with HPV. (28,29) The loss
of association with the 3'd event may be due to the fact that we used a relatively imprecise
measure of bacterial vaginosis. (30)

One of our findings not well explained was the protection seen with the presence of
inflammation on wet mounts at the 279 event. Since this association was no longer seen at
the 3 event, this finding may have been a product of a type I error and small sample size.
On the other hand, the concomitant inflammation due to unknown factors may have resulted
in the production of inflammatory cytokines which were protective of acquisition. (18,31)
The loss of association with the 3™ event may have been due to the imprecise measurement
of PMNs associated with wet mounts.

One of the most striking findings in the study was the role of persistence and risk of
acquisition. Of those with HPV persistence, almost three-quarters had a new type detected
within one year compared to only one-third who showed clearance of initial infection.
Persistence and detection of multiple types are interconnected. However, if a woman is
unable to clear her infection rapidly and continues to acquire infections, she is more likely at
any cross-sectional point to have multiple HPV types detected. A few studies have shown
that detection of multiple HPV types is a risk for persistence and development of CIN.
(32,33) Some have also shown that having multiple types is a risk for acquiring additional
types. (11,34) Our data emphasize that the detection of multiple types is not a risk for
acquiring a second infection similar to a study by Plummer et al. (35) Rather we believe the
detection of multiple types likely reflects immune dysregulation in a woman.
Immunocompromised women frequently have slower clearance rates resulting in the
detection of multiple types at any one cross sectional point. (36) Only one other study
examined persistence as a risk for subsequent infections for comparison. Rousseau et al (11),
who followed women over a short period of time (18 months) and defined persistence over
two consecutive visits, found no association. We found no difference between HP 16/18,
other oncogenic or non-oncogenic underscoring the risk is associated with the women’s
immune dysfunction and not the HPV type. However, we strongly doubt that these
infections reflect reactivation since strong associations were observed with sexual risks.

Few studies are available for comparison. Our findings were similar to Ho et al (37) who
showed that 70% of college women had a second infection with a new HPV type within 24
months with the majority occurring within 6 months and that risks included having a new
sexual partner and being non-white. Interestingly, oral contraceptives were protective, a
finding we reported in a previous study. (2) The study did not examine STIs. In an older
group of women (mean of 33 years of age) who had a total of 4 visits, Rouseau et al (11)
found similar results in that of women with HPV16 or 18, approximately 35% acquired
another infection by 12 months whereas 25% of those with high-risk non HPV 16/18 or low-
risk, had another infection. An important limitation in our study and similar studies is that
infection events are usually only documented in broad intervals. In particular, inclusion of
prevalent infections as incident events in analyses can lead to biased estimates of the
distribution of times to subsequent events. Our estimates allowing for doubly interval
censored event times suggests that prevalent infections may bias the 2" event calculations.
The observed slight shift to the right at 1 year (i.e. longer time to reinfection) would be
expected since the assumption made by the analysis was that the prevalent infections may
have occurred as early as the first day of sexual debut. The greater number of infections
within the first 6 months in the study by Ho et al (37) may be a reflection of the greater
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number of prevalent infections in that study than ours. However, the bias seen in our study
seems to lessen with time and corresponding bias in relative estimates of the effect of fixed
covariates appears minimal.

In summary, we found that new HPV infections occur repeatedly among young women with
up to 28% to 48% having another infection within 12 months. Having recent new sexual
partners and having a laboratory documented STI were the strongest sexual risks. We
believe the influence of persistent HPV on repeat acquisition is reflective of immune
dysfunction which is a risk for acquisition as well as the inability to clear the virus.
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Figure 1A
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Figure 1. Time to 2"d and 39 event with new HPV infections

Figure A is time to 2" event with new HPV types among those with a 1t event (prevalent
or incident). The thick black line represents the Kaplan-Meier curve estimates and the dark
dashed line is the 95% confidence intervals (C.I.). The thin black line represents the interval-
based curve estimated using methods for doubly-censored outcomes. Figure B is time to 3"
event with new HPV types among those with a 15t and 2" event. Only the Kaplan-Meier
curve estimate and 95% C.1. is shown since the methods for double-censored outcomes is
not relevant to the estimate for time to 3" event.
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Figure 2. Time to 2nd (Figure A) and 3rd (Figure B) event with new HPV types by number of
HPV types detected previously
1, 2, 3, and greater than 4 refer to the number of HPV types detected at 15t and 2" events in

figures A and B, respectively.
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Figure 3A
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Figure 3. Time to acquisition of a 21 and 374 event with HPV by number of HPV types and
history of persistence vs. clearance

Clear refers to those who clear their HPV types from the 1t event prior to 2"d event (A) or
2"d to 31d event (B). Persist refers to those with a persistent HPV type from 15t event to the
2"d event (A) or 2" to 3" event (B). 1, 2, 3, and greater than 4 refers to number of types at
the 15t and 2"d event in figures A and B, respectively.
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Table 1

Demographics and Behavioral Characteristics of the Population N = 1125

Characteristics N (%)
Race (N %)
White 475 (42.2)
African-American 157 (14.0)
Asian 166 (14.8)
Hispanic 264 (23.5)
Mixed/other 63 (5.6)
Weekly alcohol usel 441 (39.2)
Weekly marijuana usel 180 (16.0)
Weekly drug2 usel 19 (1.7)
Currently smokes cigarettes? 251(22.3)
Ever engaged in anal sex3 577 (51.6)
History of pregnancy3 568 (50.7)
History of douching3 790 (70.5)
History of genital warts3 276 (24.8)
History of reported C. trachomatis 3 318 (28.5)
History of reported N. gonorrhoeae 3 62 (5.6)
History of reported T. vaginalis 3 99 (8.9)
History of reported STI, but can’t remember the name3 36 (3.2)
History of reported genital herpes simplex3 146 (13.0)
Ectopy noted at least at one visit 299 (26.6)
N. gonorrhoeae infection? 28 (2.5)
C. trachomatis infection? 144 (12.8)
T. vaginalis infection® 46 (4.1)
Herpes simplex virus 25(2.2)
Bacterial vaginosis? 253 (22.5)
Yeast infection? 290 (25.8)
Mean (+S.D.)
Mean Age at entry (years) 18.97 (£ 2.13)
Mean years of sexual activity (at entry) 2.93(x1.82)
Mean time in study (months) 57.65 (+ 47.28)
Mean age at menarche (years) 12.6 (£ 1.35)

Mean months of combined hormonal contraceptive used 5 32,5 (32.00)
Mean months of medroxyprogesterone use3: 5 17.5 (+ 17.60)

Mean number of lifetime sexual partner53 11.63 (£ 10.97)

1 . -
Reported behavior at last visit.
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2Other than alcohol or marijuana

3 . . . .
Cumulative reporting by subject up to last visit

4 . . . . .
Cumulative reporting of laboratory documented infection up to last visit.

5 . . . .
Among those using hormonal contraceptives: 19% reported ever using hormonal contraception
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Univariate assocations for risk of infection with new HPV types detected at 2" and 3'd event

Table 2

New cohort? (vs. old)

Persistent HPV infection3 (vs. cleared)

Age (per year)

Years sexually active (per year)

Weekly drug use

Currently smoking cigarettes

Current oral contraceptive use

Months of medroxyprogesterone use (per month)

Irregular mense (greater than 36 days since last menstrual period)
# of new partners per month in last 8 months (per partner)

# of lifetime sexual partners (per partner)
Recent? history of anal sex

Recent4 history of douching
African American (vs White)
Asian/Pacific Islander (vs White)

Reported history of infections

Recent# Bacterial Vaginosis

Recent? N. gonorrhoeae

Recent? C. trachomatis

Recent HSV

Recent4 STI®

Reported4 history of ever having an STI®
Recent? STI, but cannot remember name

Recent4 reported genital warts
Laboratory-documented infections
C. trachomatis (current)

C. trachomatis (previous visit)6

C. trachomatis (cumulative history)
N. gonorrhoeae (current)

N. gonorrhoeae (previous visit)6

N. gonorrhoeae (cumulative history)
Bacterial vaginosis (current)
Bacterial vaginosis (previous visit)6

Bacterial vaginosis (cumulative history)

Any STI? (current)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2011 August 1.

Hazard Ratio (95% confidence interval)

2nd eventd
1.76 (1.5 — 2.05)
3.5 (2.97 - 4.15)
0.92 (0.88 - 0.96)
0.93 (0.89 - 0.97)
1.8 (1.01-3.2)
NS
0.86 (0.73 — 1.00)
1.01 (1.003 - 1.026)
1.26 (1.02 - 1.56)
1.08 (1.04-1.12)
1.02 (1.007 - 1.03)
1.26 (0.99 - 1.6)
NS
1.6 (1.33 - 2.4)
1.35 (1.06 - 1.72)

15 (1.03 - 2.12)
5.08 (2.40 - 10.8)
1.5 (0.99 — 2.24)
2.07 (1.39-3.07)
1.8(13-26)
1.33 (113 - 1.56)
7.5 (2.35 — 23.89)

NS

NS
2.1 (1.4-3.11)

1.59 (1.24 — 2.03)
NS

478 (2.3-10.14)

1.68 (0.95 — 2.97)

1.53 (1.06 — 2.21)

159 (1.1-2.31)

1.56 (1.24 — 1.95)
NS

31 event!
2.29 (1.85 - 2.83)
3.51(2.85-4.33)
0.84 (0.78 - 0.92)
0.89 (0.84 — 0.95)

NS
1.23 (0.98 - 1.54)
0.75 (0.61 - 0.94)

1.02 (1.009 - 1.032)

1.38 (1.01 - 1.88)
1.09 (1.05 - 1.13)

NS
1.27(0.94-1.7)
1.26 (0.98 — 1.64)

NS

NS

1.55 (1.0 - 2.39)
7.87 (1.89 — 32.74)
2.07 (1.23 - 3.48)
NS
1.74 (1.08 - 2.81)
NS
NS

1.65 (.98 - 2.77)

NS
3.02 (1.88 - 4.87)

1.72 (1.33-2.23)
7.79 (1.87 - 32.5)
NS
NS
1.99 (1.36 - 2.89)
1.69 (1.12 - 2.54)

2.25 (1.77 - 2.85)
NS
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Hazard Ratio (95% confidence interval)

2nd gyentl 3rd eventl
Any STI (previous visit)® 254 (179-361) 262 (1.67-4.12)

Any sTI? (cumulative history) 1.76 (1.37 - 2.15) 1.60 (1.24 - 2.03)

Greater than WBC/hpf on wet mount (current) 0.52 (0.26 — 1.04) NS

1AII subjects begin with a known initial HPV infection. 2 nd event reflect the visit at which an HPV type is detected which was not previously

detected at the initial visit. 3 'd event reflects the visit after the 2 "d event in which a new HPV type was detected.
2 . N .
New cohort reflects those women recruited starting in 2000; old cohort reflects women recruited from 1990 — 1994.

For incident 2 Nd event, persistence is defined as persistence of a type found at initial HPV event to 2 nd event. For 3 d event, persistence is

defined as persistence of a type found at the 2 nd event to 3 " event.
Recent is reported to have infection/behavior since the last visit. For HSV, refers to new or recurrent infection

Sexually transmitted infections (STI) include C. trachomatis, N. gonorrhoeae, T. vaginalis, and an infection that the subject cannot remember the
name.

Includes any interim visits between previous and current visit but excludes current.
7 . -

Includes C. trachomatis, N. gonorrhoeae, and T. vaginalis.
NS = not significant

Other variables found not significant (p greater than 0.1) include yeast (history or lab documented), condom use, T. vaginalis (history or lab),
herpes simplex virus (lab), alcohol or marijuana use, smoking history, monogamy, menarchael age, reported number of STI at baseline, and
pregnancy history.
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