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Persistent infection with one or more carcinogenic
types of human papillomavirus (HPV) is an impor-
tant etiologic factor in the development of cervical

intraepithelial neoplasia and the progression to cervical
cancer.1–3 HPV DNA has been detected in up to 99.7% of
invasive cervical cancers worldwide.4

Carcinogenic types of HPV are highly prevalent in On-
tario women, infecting about one in 4 women aged 20–
24 years.5 Despite this high prevalence of HPV infection, the
incidence of cervical intraepithelial neoplasia and invasive
cervical carcinoma in women infected with HPV is relatively
low.1–3,6–8 HPV is often transiently detectable in young
women, and lower prevalence rates are expected in older age
groups as infection clears or becomes latent.1,2,5–9 Risk-factor
profiles also vary with age.5 Determining age-specific rates of
infection and clearance and potential risk factors in low-risk
women selected from family practice settings will further our
understanding of the natural history of HPV. This knowl-
edge will also help to clarify the role of HPV testing in pri-
mary screening to identify women at risk of developing cer-
vical cancer in the Canadian general population.

Although HPV incidence and clearance have been stud-
ied in women attending maternal and child health pro-
grams,3 family planning clinics,7 a multistate health mainte-
nance organization,8 HIV clinics10,11 and student health
centres in various countries,2,9 findings in these groups may
not reflect the range of ages and corresponding risk profiles
of women in a family practice setting. To our knowledge,
no studies have investigated age-specific HPV incidence and
clearance in a group of low-risk women drawn from Cana-
dian family practices. As a follow-up to our survey of HPV
prevalence in randomly selected women accessing the pri-
mary health care system in Ontario,5 we examined annual
incidence and clearance rates in the same group of Ontario
women and extended our investigation of risk factors.

Methods

Thirty-one of the 33 physician practices that enrolled women
in the earlier survey5 agreed to participate in the follow-up study;
however, 4 practices were not successful in recalling any patients
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Abstract

Background: Persistent infection with carcinogenic human pa-
pillomavirus (HPV) is linked to high-grade lesions and cer-
vical cancer. To better understand the natural history of
HPV, we sought to determine the rates of incident and
cleared carcinogenic HPV infection, by age, among
women aged 15–49 years and to explore risk factors for in-
cident infection.

Methods: Women enrolled in an earlier HPV prevalence survey
(500 of 800 who were HPV-negative and all 121 who were
HPV-positive) were invited to participate in follow-up HPV
testing at their periodic health examination one year later. A
cervical soft-brush specimen for HPV testing and a smear for
cytologic examination were obtained, and participants com-
pleted a questionnaire on their demographic characteristics
and sexual history.

Results: Two hundred and fifty-three (50.6%) previously HPV-
negative women and 54 (44.6%) previously HPV-positive
women were retested. The mean interval between visits was
14.0 (standard deviation 2.0, median 13.5, range 9.0–21.3)
months. Incident HPV infection occurred in 11.1% (28/253) of
the women overall, with the highest rate, 25.0% (6/24), in the
15–19-year age group. In the univariate analyses, risk factors
for incident HPV were the median number of sexual partners
in the past year (≤ 1 v. ≥ 2: odds ratio [OR] 8.2, 95% confi-
dence interval [CI] 3.0–22.2; p < 0.001) and the median num-
ber of sexual partners over a lifetime (> 3 v. ≤ 3: OR 3.0, 95%
CI 1.2–7.2; p = 0.014). In multivariate logistic regression mod-
elling adjusted for age, median number of sexual partners in
the past year, median number of sexual partners over a
lifetime, marital status, current smoking and current use of
oral contraceptives, only the median number of sexual part-
ners in the past year remained significantly associated with
incidence (OR 6.2, 95% CI 1.6–24.5; p = 0.009). Of the pre-
viously HPV-positive women, 51.9% (28/54) had cleared the
infection.

Interpretation: Incident infection with carcinogenic HPV was
highest in women aged 15–19 years, and risk factors were
consistent with a sexually transmitted infection. A large pro-
portion of the women who were HPV-positive appeared to
have cleared the infection after one year.
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for retesting. Each practice was sent a list that included all previ-
ously HPV-positive women and a randomly selected sample of
previously HPV-negative women. Physicians and their staff were
blinded to the women’s HPV status. The office staff of each fam-
ily physician contacted the women by telephone or mail to ask
them to return for their annual cervical cytologic screening ap-
pointment, with the option of continued participation in the re-
search study. Women were seen for follow-up HPV testing from
July 1999 to May 2000. If repeat cytology had been performed al-
ready, but less than 3 months had elapsed, the woman was still eli-
gible for follow-up. In addition to written informed consent ob-
tained at initial testing, women who continued to take part in the
study gave verbal consent. The St. Joseph’s Healthcare Research
Ethics Board approved both the initial and follow-up protocols.

To determine incidence rates, we used an electronic random
selection function to identify 500 of the 955 women, stratified by
age and region, who participated in the prevalence study and who

had tested negative for 13 carcinogenic types of HPV by the hy-
brid capture II (HCII) assay and had tested negative for all HPV
types by polymerase chain reaction (PCR) testing with genotyp-
ing, as previously described.5 To determine clearance rates, we se-
lected all women who had tested positive for carcinogenic HPV
infection (n = 121) by the HCII assay. Fig. 1 shows the patient
flow during recruitment and follow-up.

A cervical soft-brush specimen was obtained by the family
physician for HPV DNA testing by the HCII assay, in addition to
the annual cytologic smear. The detailed clinical procedures and
specimen transport have been described previously.5 The HCII
assay is a second-generation signal amplification–based DNA
probe test with chemoluminescent readout that is used to detect
the presence of one or more of 13 carcinogenic HPV types as a
group (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68). The
detailed assay procedure has been described previously.12 Briefly,
the mean relative light units of triplicate positive controls contain-
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Fig. 1: Flow diagram showing how 253 HPV-negative and 54 HPV-positive women were recruited for 1-year follow-up from
among those who had been enrolled in our previous population-based survey of HPV prevalence in Ontario.5 *HPV-positivity
for follow-up purposes was determined by the hybrid capture II (HCII) assay (Digene Corporation, Gaithersburg, Md.). †HPV-
negative women were found to be negative by both HCII and polymerase chain reaction (PCR) testing; PCR testing indicates the
presence of any type of HPV, and genotyping may be used to identify carcinogenic types. ‡Practices that withdrew from the
study or discontinued recruitment. §Women were considered lost to follow-up if they refused to participate in the follow-up
survey, did not have the physicians’ office procedures (no study samples taken at visit for cervical cytology and/or or no ap-
pointment within 3 months of Pap test), changed physicians, did not attend their appointment, could not have Pap test (third
trimester of pregnancy or recent childbirth), could not be contacted or had no reason/contact recorded (practices did not com-
plete follow-up for lists provided). ¶Several samples were lost or improperly stored and/or questionnaires were not completed
by patients or forwarded by the practices.
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ing HPV 16 DNA at 1.0 pg/mL constituted the cutoff value, and
specimens with relative light units equal to or above this level
were regarded as positive.

Changes in the risk factors investigated in the earlier study
were determined for returning women by using a self-adminis-
tered follow-up questionnaire. These risk factors included age
category, geographic region, marital status, highest level of educa-
tion completed, lifetime number of sexual partners, number of
sexual partners in the past year, age at first intercourse, parity,
current smoking status, condom use, current use of oral contra-
ceptives and history of sexually transmitted disease (STD). We
performed univariate regression analyses for the same subset of
factors previously identified as significant correlates of positivity.5

The multivariate model was adjusted for age, marital status, life-
time number of sexual partners, number of sexual partners in the
past year, current cigarette smoking and current use of oral con-
traceptives.

Results

Of the 800 women who were previously HPV-negative,
500 (62.5%) were randomly selected for follow-up HPV
testing, and 253 (50.6%) of these women were retested by
the HCII assay (Fig. 1). Fifty-four (44.6%) of the 121 pre-
viously HPV-positive women were retested by the HCII
assay. Incidence and clearance analyses were thus based on
307 (49.4%) women who had given informed consent and
for whom HCII testing data were available. The mean in-
terval between annual periodic health examinations was
14.0 (standard deviation [SD] 2.0, median 13.5 months,
range 9.0–21.3) months. The 307 women who had follow-
up HPV testing had a mean age of 32.7 years (SD 9.4).
Questionnaires were missing for 2 (0.7%) women at the

time of analysis. The incidence and clearance rates of car-
cinogenic HPV infection, based on the 5-year age cohorts,
are shown in Fig. 2.

Overall, 11.1% (28/253) of the women showed incident
HPV infection at their return visit for cytologic screening.
The results of the univariate and multivariate regression
analyses appear in Table 1. In univariate analyses, factors
associated with incident carcinogenic HPV infection were
the median number of sexual partners in the past year (≤ 1
v. ≥ 2: odds ratio [OR] 8.2, 95% confidence interval [CI]
3.0–22.2; p < 0.001) and the median number of sexual part-
ners over a lifetime (> 3 v. ≤ 3: OR 3.0, 95% CI 1.2–7.2; p =
0.014). A nearly significant statistical association between
single or separated/divorced marital status and incident
HPV infection (OR 2.3, 95% CI 1.0–5.1; p = 0.053)
prompted inclusion of marital status in the multivariate
analyses. In multivariate logistic regression modelling ad-
justed for age, median number of sexual partners in the past
year, median number of sexual partners over a lifetime,
marital status, current smoking and current use of oral con-
traceptives, only the median number of partners in the past
year remained significantly associated with incidence (OR
6.2, 95% CI 1.6–24.5; p = 0.009).

No statistically significant association was found be-
tween incidence of HPV and history of any of 6 STDs as
a group (chlamydia, genital herpes, genital warts, gonor-
rhea, syphilis, trichomoniasis), and the number of cases was
not sufficient to examine STDs individually (data not
shown).

Among women who were previously HPV-positive ac-
cording to the HCII assay, 51.9% (28/54) appeared to have
cleared the infection.

Incidence, clearance and predictors of HPV in women
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Fig. 2: Age-specific incidence and clearance rates for carcinogenic types of HPV determined
by the hybrid capture II (HCII) assay performed at a follow-up visit after an average interval
of 14 months on 253 women who had been negative for HPV by both the HCII assay and
PCR testing (incidence) and 54 who had been positive by the HCII assay (clearance).
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Interpretation

These results suggest that the acquisition and clearance
of carcinogenic types of HPV, as a group, were common
among these women recruited from primary care settings
across Ontario. The highest incidence of HPV in the
15–19-year age group (25%) is consistent with the highest
prevalence of 24% that we reported previously in women
aged 20–24 years in the inception cohort.5

The risks associated with changing sexual partners, both
in the previous year and over a lifetime, were consistent
with what has been reported for incident infection.1–3,6,7

Moscicki and colleagues followed HPV-negative women for
a median period of 50 months, finding that a history of her-
pes simplex virus and a history of vulvar warts were also risk
factors and that current use of oral contraceptives was a pro-
tective factor.7 If HPV infection was persistent, current cig-
arette smoking was a risk factor for squamous intraepithelial

neoplasia. A history of STD has been identified as a risk fac-
tor for HPV infection.7,13 In this group of low-risk women,
we did not detect any association between self-reported
STD history and incidence of HPV. The women in our
survey were not tested for HIV, but longitudinal studies
that compared HIV-negative and HIV-positive cohorts of
women have shown that HPV is more prevalent in HIV-
positive women and that the probability of HPV persistence
is associated with the degree of immune suppression.10,11

Although we were hampered by small numbers in the
analysis of clearance, our results confirmed what others
have found, namely, that a sizeable proportion of women
are no longer HPV-positive after one year.2,6,8,9 Variability
in the expression of HPV and the ability of laboratory test-
ing to detect it are also possible reasons why some women
would have been HPV-negative.9 Because the HCII assay
tests for the presence of one or more carcinogenic HPV
types as a group, it is plausible that some of the women

who were HPV-positive both at base-
line and at follow-up had in fact
cleared the initial infection and were
subsequently re-infected with a differ-
ent or even the same HPV type. A
study that followed Brazilian women
over several years for specific types of
HPV showed that women with persis-
tent HPV type 16 or 18 infection had
a relative risk of squamous intraepithe-
lial lesions of 10.2 (95% CI 5.9–17.6)
as compared with women who were
HPV-negative at baseline.3

In cross-sectional studies, the sensi-
tivity and specificity of a single HCII
test for the detection of high-grade le-
sions have been found to be 88% and
89% respectively.14 It appears that the
potential role of HPV testing in pri-
mary screening to detect women at in-
creased risk of developing cervical can-
cer is limited by its low specificity,
especially in younger women. Our
previous survey showed that the age-
specific prevalence of infection with
carcinogenic types of HPV is much
lower after the age of 29 years.5 Con-
sistent with the notion that HPV
screening may be more useful in older
women, testing by the HCII assay has
been shown to have higher specificity
in women aged 29 years and older
with ASCUS (atypical squamous cells
of undetermined significance) cytol-
ogy.15 Because of the sexual mode of
transmission of HPV and the general
decrease in incidence of infection after
the age of 24 years, it appears that
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Table 1: Crude and adjusted odds ratios for the incidence of carcinogenic HPV
among women who were previously HPV-negative, by potential predictors

Variable

No. of
women

n = 253*

No. (and %)
with incident

HPV†
Crude OR

 (and 95% CI)
Adjusted OR‡
 (and 95% CI)

Age, yr
15–19 24 6 (25.0) 4.0 (0.9–17.9) 1.6 (0.2–11.1)
20–24 34 3   (8.8) 1.2   (0.2–6.2) 0.9   (0.1–5.6)
25–29 36 3   (8.3) 1.1   (0.2–5.8) 0.9   (0.2–5.5)
30–34 34 5 (14.7) 2.1   (0.5–9.4) 1.5   (0.3–7.8)
35–39 46 5 (10.9) 1.5   (0.3–6.6) 1.0   (0.2–5.1)
40–44 40 3   (7.5) 1.0   (0.2–5.1) 0.6   (0.1–4.1)
45–49 39 3   (7.7) 1.0§ 1.0§
Marital status¶
Cohabiting or
widowed 191 17   (8.9) 1.0§ 1.0§
Single or separated/
divorced 61 11 (18.0) 2.3   (1.0–5.1) 1.2   (0.4–4.0)
Median no. of sexual partners in lifetime

≤ 3 133 8   (6.0) 1.0§ 1.0§
> 3 112 18 (16.1) 3.0   (1.2–7.2) 1.9   (0.7–5.2)
Median no. of sexual partners in past year

≤1 209 19   (9.1) 1.0§ 1.0§
≥ 2 20 9 (45.0) 8.2 (3.0–22.2) 6.2 (1.6–24.5)
Current smoking**
No 178 19 (10.7) 1.0§ 1.0§
Yes 72 9 (12.5) 1.2   (0.5–2.8) 0.6   (0.2–1.9)
Current use of oral contraceptives
No 155 17 (11.0) 1.0§ 1.0§
Yes 98 11 (11.2) 1.0   (0.5–2.3) 0.7   (0.2–2.0)

Note: HPV = human papillomavirus, OR = odds ratio, CI = confidence interval.
*Some data collected by a self-completed questionnaire were missing at follow-up.
†Incident HPV determined by the hybrid capture II assay (Digene Corporation, Gaithersburg, Md.).
‡Multivariate model adjusted for age, median number of sexual partners in the past year, median number of sexual partners
in lifetime, marital status, current smoking and current use of oral contraceptives.
§Reference category.
¶Widowhood was combined with cohabitation because these categories are similar in sociologic terms, and single women
were grouped with separated/divorced women because no single women had incident HPV infection.
**Never smoked or smoked previously versus current smoking.



HPV positivity after the age of 29 years is likely to be a re-
sult of persistent infection.

The small sample size and our limited knowledge con-
cerning which factors are responsible for clearing HPV infec-
tion precluded a more thorough investigation of clearance in
this group. The small sample size and single follow-up visit
also prevented meaningful analysis of any association between
cervical pathology and persistence or clearance of HPV.

Further studies of this common sexually transmitted viral
infection among cohorts of women and men are needed to
extend our understanding of what factors are important for
the development of viral persistence, squamous intraepithe-
lial lesions and, subsequently, cervical cancer. The role that
HPV testing might play in the primary screening of women
in developing countries, where there is limited access to cy-
tologic screening services, requires further investigation.
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