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Little is known about the factors that influence clearance of human papillomavirus (HPV), the primary cause of
cervical carcinoma. A total of 227 women cytologically normal and HPV positive at baseline were identified from
a population-based cohort of 1,995 Bogota, Colombia, women aged 13-85 years followed between 1993 and
2000 (mean follow-up, 5.3 years). HPV DNA detection and viral load determination were based on a GP5+/GP6+
polymerase chain reaction enzyme immunoassay. Rate ratio estimates for HPV clearance were calculated by
using methods for interval-censored survival time data. Analyses were based on 316 type-specific HPV
infections. HPV 16 had a significantly lower clearance rate than infections with low-risk types (rate ratio (RR) =
0.47, 95% confidence interval (Cl): 0.32, 0.72), HPV types related to HPV 16 (types 31, 33, 35, 52, 58) had
intermediate clearance rates (RR = 0.62, 95% Cl: 0.47, 0.94), and other high-risk types did not show evidence of
slower clearance compared with low-risk types. Infections with single and multiple HPV types had similar
clearance rates. There was no evidence of a dose-response relation between clearance and viral load. Observed
was slower clearance in parous women (RR = 0.64, 95% Cl: 0.47, 0.89) and faster clearance in ever users of oral

contraceptives (RR = 1.38, 95% CI: 1.07, 1.77).

cervix neoplasms; cohort studies; cytology; oral contraceptives; papillomavirus

Abbreviations: CIN Ill, cervical intraepithelial neoplasia, grade llI; EIA, enzyme immunoassay; HPV, human papillomavirus;

PCR, polymerase chain reaction.

Epidemiologic and molecular studies have shown a causal
relation between human papillomavirus (HPV) infection
(principally high-risk types) and cervical cancer (1, 2).
However, HPV is also one of the most common sexually
transmitted agents and has been detected in the cervical
epithelia of 10—40 percent of women who have no cytologic
abnormalities (3, 4). The prevalence of HPV is age depen-
dent, with a peak in young women after they start sexual
activity (3, 5-7).

HPYV infection is mostly a transient phenomenon resulting
in no cervical lesions or leading to low-grade lesions that
often regress spontaneously (8, 9). HPV presence is thus a
necessary, but not sufficient cause of cervical neoplasia
development (1). Persistence of an HPV infection appears to

be a prerequisite for the development of cervical intraepithe-
lial neoplasia, grade III (CIN III), and cervical cancer (10—
13). Viral, host, and environmental factors may influence the
course of HPV infection (2, 9, 14).

In 1993, the National Cancer Institute, Colombia, in
collaboration with the International Agency for Research on
Cancer, started a population-based cohort study on the
natural history of HPV infections and cervical neoplasia in a
group of low-income women from Bogota, Colombia. The
country has one of the highest incidences of cervical cancer
in the world (age-standardized rate, 34.4/100,000) (15), and
the present study cohort showed a high prevalence of HPV at
enrollment (15 percent among cytologically normal women,
26 percent among women aged <20 years) (3).
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We present here results from a 5-year follow-up analysis
of HPV-positive women who had normal cervical cytology
at baseline. Analysis focuses on the possible role of HPV
types, viral load, and various women’s characteristics on the
clearance rate of HPV infection.

MATERIALS AND METHODS
Patients and study design

Between November 1993 and November 1995, the
National Cancer Institute, Colombia, conducted a population
census in four health districts of Bogota (3). Two thousand
women aged 18-85 years were randomly identified and were
invited to participate in the cohort study. Additionally, to
increase information on sexually active adolescents, 200
sexually active women aged 13-17 years who self-referred
to an adolescent clinic for contraceptive counseling were
also invited to participate. At recruitment, the women
answered a structured questionnaire on sociodemographic
characteristics, sexual behavior, reproductive history,
smoking, and dietary habits. After interview, all women
were asked to undergo a gynecologic examination, to
provide a cervical scrape (for cytologic evaluation and HPV
DNA testing), and to give 10 ml of blood. Of 2,200 women
invited to join the study, 53 refused to participate, eight were
considered ineligible (on account of mental illness, hysterec-
tomy, or history of cervical cancer), 29 did not provide cell
specimens for HPV detection, and 14 did not fill in the
epidemiologic questionnaire. In addition, the HPV test was
inadequate in 101 women because of poor DNA quality (i.e.,
failure to amplify the B-globin gene).

A total of 1,995 (91 percent) women who had a valid ques-
tionnaire, a valid HPV test, and adequate cervical cytology
were thus included in the cohort study (3). Informed consent
was obtained from all study participants. The ethical
committees at the National Cancer Institute, Colombia, and
the International Agency for Research on Cancer approved
the study protocol and the manner in which informed
consent was obtained from subjects.

Follow-up consisted of a visit every 69 months. At each
visit, a short follow-up questionnaire was administered, and
a cervical scrape was obtained for cytologic evaluation and
HPYV testing. Follow-up ended in December 2000 or at the
diagnosis of CIN III, whichever occurred first. Women who
had a CIN III diagnosis underwent confirmatory biopsies
and treatment. Women’s HPV status was not known during
the follow-up and did not influence clinical management.

The analysis described here was carried out on a subset of
the study cohort. We selected 330 women who were positive
for one or more HPV types at baseline. We then restricted
the analysis to women whose cytology was normal (i.e., we
excluded three women with inadequate cytology and 51
women with abnormal cytology; the majority (39/51)
evidenced low-grade lesions). Finally, we excluded 49
women who did not have at least one follow-up visit, thus
yielding a total of 227 women. Since each woman could
have one or more infections with different types of HPV, we
based the analyses on type-specific HPV infections rather
than on individual women. Clearance of a given HPV type
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was defined as disappearance of the HPV type detected at
enrollment. At any visit, if the HPV test was inadequate,
clearance status was considered unknown and follow-up was
continued.

HPV detection by polymerase chain reaction

Testing for HPV was conducted by using a standard GP5+/
GP6+ polymerase chain reaction (PCR) enzyme immu-
noassay (EIA) (3). Briefly, HPV-positive samples were
subjected to EIA-HPV group-specific analysis by using
cocktail probes for high-risk and low-risk HPVs (16). The
high-risk HPV cocktail probe consisted of oligoprobes for
HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68;
the low-risk HPV probe consisted of oligoprobes for HPV 6,
11, 26, 34, 40, 42, 43, 44, 53, 54, 55, 57, 61, 70, 71
(CP8061), 72, 73, 81 (CP8304), 82 (MM4), 83 (MM7), 84
(MMS), 1S39, and CP6108. Additionally, HPV positivity
was assessed by Southern blot hybridization of GP5+/GP6+
PCR products with the general probe of specific DNA frag-
ments from cloned DNA of HPV 6, 11, 16, 18, 31, and 33
(17). Samples positive by Southern blot analyses and nega-
tive by high-risk/low-risk EIA were considered HPV X or
undetermined type and were classified as low risk. The low-
risk cocktail probe contained some HPV types—namely, 26,
34, 53, 73, and IS39—of unknown oncogenic potential.
These types were classified as “high-risk” for analysis
purposes.

During follow-up, a new GP5+/GP6+ PCR reverse line
blot analysis was developed and was used to type the same
37 different HPV types detected by EIA. The findings from
the GP5+/GP6+ PCR reverse line blot analysis were
compared with those from the PCR-EIA assay and were
found to agree in 96 percent of cases (kappa = 0.77) (18).

Viral load analysis

PCR-EIA can be used as a semiquantitative method to
assess the relative amount of HPV DNA in cervical scrapes
because of the linear relation between the amount of DNA
and the optical density in the range of 10-10° genome equiv-
alents. A semiquantitative, noncompetitive GP5+/GP6+
PCR-EIA was carried out according to the method described
by Jacobs et al. (19). Viral load of the samples was analyzed
in two ways: 1) by using an a priori classification of low
(optical density, <0.5), medium (optical density, 20.5—<1.5),
and high (optical density, 21.5); and 2) by classifying the
optical density into quintile groups to obtain a clearer picture
of the dose-response relation.

Statistical methods

The time of clearance of an HPV infection was modeled
by using methods for interval-censored survival time data.
Doing so is necessary since clearance times are never
observed precisely but are known only to have occurred
between two visits. The survival function, which describes
the probability that an HPV infection has cleared as a func-
tion of time, was estimated by using the nonparametric
maximum likelihood estimator (20, 21), which is the natural
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generalization of the Kaplan-Meier estimator to interval-
censored data. Rate ratio estimates were derived by applying
Cox regression to imputed clearance times, as described by
Pan (22). The analyses were implemented in R language (23)
by using the survival package. Custom software was written
to calculate the survival function and carry out the multiple
imputation.

The following factors potentially associated with HPV
clearance were considered: HPV type in which a classifica-
tion (2) based on phylogenetic groups was used (low-risk
types, HPV 16, types linked to HPV 16 (31, 33, 35, 52, 58),
HPV 18 and types linked to HPV 18 (18, 39, 45, 59, 68),
other high-risk types), multiplicity of infection, viral load (in
quintile groups), age (<18, 18-24, 25-34, >35 years or
older), educational level (none or primary, secondary,
higher), number of regular sexual partners (1, >2), parity (0O,
1-2, >3 children), use of oral contraceptives (ever, never),
intrauterine device use (ever, never), and smoking (ever,
never). For each factor, the value at baseline was used. The
basic unit of analysis when modeling clearance times was an
HPV infection. To account for possible correlations in the
clearance of times of multiple infections in the same woman,
a cluster term was included in the model, and standard errors
were calculated that are robust to correlations within clusters
(24).

HPV infection may clear as a consequence of treatment of
cervical lesions. Follow-up time was therefore censored at
the date of any biopsy or treatment and, in any case, when a
cytologic diagnosis of CIN III or worse was observed. This
choice led to the censoring of five women. Three were
infected with HPV 16 only; two developed CIN III (at
months 17 and 54 after enrollment), and one developed inva-
sive cervical carcinoma (at month 58). The other two women
had single infections with HPV 52 and HPV 58 and devel-
oped one CIN III at month 5 and one CIN III at month 10
after enrollment, respectively.

RESULTS
Characteristics of the cohort

This paper presents data on 227 HPV-positive, cytologi-
cally normal women for whom a total of 1,373 cervical spec-
imens were tested at enrollment and during follow-up visits.
The median duration of follow-up for this group of women
was 5.3 years, the median time interval between visits was 7
months, and the median number of visits was six. Seventy-
seven percent of the women had at least four visits.

Table 1 shows the characteristics of the study population
subdivided into three age groups. Median age of the partici-
pants was 29 years. Twenty-eight percent of the women
reported a primary education only, 76 percent had one life-
long sexual partner, and 20 percent had not given birth to any
children. Ever use of oral contraceptives was reported by 54
percent and ever use of an intrauterine device by 57 percent
of the women. Twenty-nine percent of the women reported
ever smoking.

In total, 316 infections were detected in the 227 studied
women at the start of the study. HPV 16 was the most
frequently detected HPV type (16 percent of all infections)

(table 2). HPV types phylogenetically linked to HPV 16
accounted for 23 percent of infections, those linked to HPV
18 for 17 percent, and other high-risk HPV types for 15
percent. After HPV 16, HPV 58 (8 percent), HPV 18 (5
percent), and HPV 45 (5 percent) were the most common
high-risk types. Low-risk types represented 30 percent of all
infections. Among the low-risk HPV types, the most
frequently detected were HPV 42 (5 percent) followed by
HPV 81 (CP8304) (4 percent). Compared with women aged
35 years or older, women younger than age 25 years tended
to have proportionally fewer HPV 16 infections but more
infections with other high-risk HPV types, whereas low-risk
HPV types were distributed approximately equally across
the three age groups considered. Fifty-one percent of the
HPYV infections detected were single infections, whereas 20
percent of infections were present along with two or more
other HPV types. Multiple infections were more common in
women younger than age 25 years versus age 25 years or
older (table 2). High viral load was found in 42 percent of
HPV infections and tended to decrease slightly with
women’s age (table 2).

Of the single infections, 52 (32 percent) were low-risk
types, 73 (45 percent) were high-risk types other than HPV
16, and 37 (23 percent) were HPV 16. Of the multiple infec-
tions, 14 (9 percent) were HPV 16, 97 (63 percent) were
infections with high-risk HPV types other than HPV 16, and
43 (28 percent) were infections with low-risk HPV types.
Some correlation was found between the presence of high-
risk types and viral load. High viral load was detected in 55
percent of HPV 16 infections, 46 percent of infections with
high-risk HPV types other than HPV 16, and 27 percent of
low-risk HPV infections (data not shown).

HPV-DNA clearance

Figure 1 shows the proportion of persistent HPV infection
as a function of time, overall and according to HPV phyloge-
netic groups. The clearance rate was not constant, but it was
highest in the first 6 months of follow-up. Globally, 23
percent of HPV infections were still present at 1 year and 7
percent at 5 years. Clearance rates were lower for HPV 16
than for low-risk HPV types.

Table 3 shows age-adjusted and multivariate rate ratios of
HPV clearance by several viral and host characteristics.
Regarding viral characteristics, noticeable differences were
found in clearance rates between different HPV types but not
with multiplicity of infection or viral load. Both HPV 16 and
its related types (31, 33, 35, 52, 58) showed reduced clear-
ance rates compared with low-risk types. Conversely, there
was no evidence of reduced clearance for HPV 18-linked
types. The difference in clearance rate between HPV 16- and
HPV 18-linked types was statistically significant (p = 0.001).
In terms of host characteristics, reduced clearance was
observed among parous women and increased clearance
among ever users of oral contraceptives. Weak trends with
education and age were evident, but they were not significant
(table 3).

HPV type, oral contraceptive use, and parity were then
combined in a multivariate model. Age and multiplicity of
infection were also included as potential confounders. The
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TABLE 1. Distribution of various characteristics* of 227 HPVt-positive, cytologically normal women, by

age group, Bogota, Colombia, 1993-2000

Age (years)
Total
<24 25-34 >35
No. % No. % No. % No. %

Education

Primary or less 9 10.8 25 26.6 30 60.0 64 28.2

Secondary, incomplete 46 55.4 38 40.4 10 20.0 94 41.4

Secondary or more 28 33.7 31 33.0 10 20.0 69 30.4
Age at first intercourse (years)

<15 35 42.2 14 14.9 7 14.0 56 247

16-18 36 43.4 32 34.0 20 40.0 88 38.8

>19 12 14.5 48 51.1 23 46.0 83 36.6
No. of regular sexual partners

1 63 81.8 62 68.1 40 81.6 165 76.0

>2 14 18.2 29 31.9 9 18.4 52 24.0
Parity

0 33 39.8 11 11.7 2 4.0 46 20.3

1-2 44 53.0 54 57.5 13 26.0 111 48.9

>3 6 7.2 29 30.9 35 70.0 70 30.8
Oral contraceptive use

Never 49 59.0 36 38.3 19 38.8 104 46.0

Ever 34 41.0 58 61.7 30 61.2 122 54.0
Intrauterine device use

Never 49 59.0 34 36.2 15 30.0 98 43.2

Ever 34 41.0 60 63.8 35 70.0 129 56.8
Smoking

Never 70 84.3 60 63.8 32 64.0 162 71.4

Ever 13 15.7 34 36.2 18 36.0 65 28.6

* Some percentages do not total 100 because of rounding.

1 HPV, human papillomavirus.

multivariate model confirmed the independent effects of
HPV type, oral contraceptive use, and parity.

DISCUSSION

To the best of our knowledge, our study of the natural
history of HPV infection includes the longest follow-up
reported so far. It also shows that clearance of HPV infection
occurs chiefly in the 2 years after HPV is first detected, but
rarely afterwards.

In some previous studies (25), two or more consecutive
HPV-negative tests were required before HPV infection was
considered cleared. We considered an infection cleared
when it was absent during a single visit; in our study, the
time interval between visits was relatively long (6—9 months)
and thus probably sufficient to clear the infection. Indeed,
only five of 223 HPV infections that had cleared and could
be reevaluated during a subsequent visit were positive again
for infection with the same HPV type. Defining HPV clear-
ance as two consecutive HPV-negative tests, rather than one
only, therefore would not have materially altered our results.

Am J Epidemiol 2003;158:486-494

In our analysis, the clearance rate of HPV 16 was lower
than that of low-risk HPV types. High-risk HPV types phylo-
genetically linked with HPV 16 showed clearance rates
intermediate between those of HPV 16 and low-risk types,
whereas HPV types linked with HPV 18 and other high-risk
types had clearance rates similar to those of low-risk types.
Franco et al. (9), in a follow-up study from Brazil (Ludwig-
MCcGill cohort), showed that 12-month clearance was higher
for low-risk HPV types (12.2 percent, 95 percent confidence
interval: 9.6, 15.4) than for high-risk HPV types (9.5 percent,
95 percent confidence interval: 7.5, 11.9), but no clear differ-
ence was found between infections with HPV 16 and those
with high-risk types other than HPV 16 (8.9 percent, 95
percent confidence interval: 5.8, 13.1) (9). A tendency for
HPV 16, but not HPV 18, to persist longer than other HPV
types has been noted in previous follow-up studies (7, 8, 26,
27), but the reasons for this phenomenon remain unclear.
HPV 16 is by far the predominant type in invasive cervical
cancer (28), although HPV 18 is suspected to induce a more
rapid transition to malignancy than HPV 16 does (29).
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TABLE 2. Distribution of 316 infections in study participants,* by viral characteristics and age group,

Bogota, Colombia, 1993—-2000

Age (years)
Total
<24 25-34 >35
No. % No. % No. % No. %
HPVt types
HPV 16 13 10.1 21 17.4 17 25.8 51 16.1
HPV 31, 383, 35, 52, 58 30 23.3 32 26.5 10 15.2 72 22.8
HPV 18, 39, 45, 59, 68 24 18.6 19 15.7 9 13.6 52 16.5
Other high-risk 22 17.1 16 13.2 8 12.1 46 14.6
Low-risk 40 31.0 33 27.3 22 33.3 95 30.1
Multiplicity of infection
Single 52 40.3 72 59.5 38 57.6 162 51.3
Multiple
2 types 38 29.5 36 29.8 16 242 90 28.5
>3 types 39 30.2 13 10.7 12 18.2 64 20.2
Viral load (optical density)
Low (<0.5) 36 28.1 41 35.0 28 43.1 105 33.9
Medium (=0.5-<1.5) 37 28.9 23 19.7 15 23.1 75 242
High (=1.5) 55 43.0 53 45.3 22 33.9 130 41.9

* Some percentages do not total 100 because of rounding.

1 HPV, human papillomavirus.

Studies using DNA sequencing have shown a considerable
intratypic diversity for HPV 16 compared with other high-
risk types, which may be critical to understanding the greater
ability of HPV 16 to escape immunologic surveillance (30).
Several studies have suggested that non-European variants
of HPV 16 could be associated with longer persistence than
European variants (31, 32) and more frequent progression
into clinically relevant cervical lesions (33-35). Unfortu-
nately, we did not have information on HPV 16 variants.

Numerous authors have suggested an association between
viral load and persistence of HPV infection (11, 36-38). We
used a semiquantitative PCR-EIA method to distinguish
between high- and low-viral-load infections but found no
evidence of a trend in persistence or a threshold effect. Other
studies showed associations between high viral load and
persistent cytologic abnormalities (39, 40). van Duin et al.
(38) observed that high-viral-load infections in women with
normal cytology conferred an increased risk of developing a
CIN, most notably a high-grade CIN. Conversely, Lorincz et
al. (41) reported that high viral load for 13 high-risk types of
HPV, evaluated by using the Hybrid Capture 2 test, did not
predict risk of CIN III.

It is worth noting that most previous studies (39) focused
on HPV 16 only or measured overall viral load, whereas we
had information on HPV type-specific viral load. Unfortu-
nately, it is as yet unclear whether high viral load is the result
of a few cells with a large number of virions or a large
number of cells with a few virions.

Another interesting finding of our study was the similar
clearance rate of single and multiple HPV infections. Some
studies have shown an association between persistent HPV
infection and the presence of multiple types (8). These

studies have been interpreted as if women who have multiple
types (e.g., women infected with human immunodeficiency
virus) (42) had certain characteristics, such as a deficient
immune response to HPV, that could predispose to persistent
infection. Other studies (27), like ours, have shown that
clearance of a type-specific HPV infection seems to be inde-
pendent of the presence of a coinfection with other types, at
least in immunocompetent women.

Several cross-sectional studies have shown that a woman’s
age is the strongest determinant of HPV prevalence, with a
peak in HPV infections generally observed in women
younger than age 25 years (3-5, 43). Some studies have
shown that HPV infections in older women may be more
persistent than those in younger women (8, 44). Possible
explanations for this difference are selection of persistent
infections, a decrease in the immune response (14),
hormonal changes, and specific lifestyle characteristics of
older women (or of their sexual partners). However, we did
not confirm any unfavorable effect of age on clearance, at
least among women with a normal cytologic smear. We did
find a steady increase in the proportion of HPV 16 infec-
tions, but not of high-risk types other than HPV 16, across
the three age groups considered.

Women’s characteristics associated with persistence and/
or clearance of HPV infections are not totally consistent
across studies (8, 9, 11, 44) and do not always coincide with
characteristics found to increase cervical cancer risk. Use of
oral contraceptives, for instance, is a risk factor for CIN III
and cervical cancer (45). In our study, however, HPV infec-
tions were less persistent in women who had ever used oral
contraceptives than in never users. A consistent association
is lacking between oral contraceptive use and the prevalence
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FIGURE 1. Persistence of human papillomavirus (HPV) infection, overall and by viral characteristics, Bogota, Colombia, 1993-2000.

of HPV infection in cross-sectional studies (6, 46) and
among controls in case-control studies (45). In prospective
studies, Moscicki et al. (25) found no association between
oral contraceptive use and clearance of HPV infection, and
Castle et al. (47) found no association between oral contra-
ceptive use by HPV-positive women and subsequent inci-
dence of CIN III or cervical cancer. High parity is associated
with an increased risk of CIN III and cervical cancer (48).
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Our findings suggest that HPV infection in parous women
may persist longer than among nulliparae.

Our follow-up study has several strengths, including the
large number of women involved, the low proportion of
those refusing to participate, and the presence of information
on a broad range of viral and lifestyle factors. HPV testing
and typing were conducted in a central laboratory by means
of well-validated, sensitive methods. Some misclassification
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TABLE 3. Rate ratios and 95% confidence intervals for clearance of 316 HPV* infections in study
participants, Bogota, Colombia, 1993-2000

No. of No. of Age-adjusted model Multivariate modelt
subjects infections RR* 95% Cl* RR 95% Cl
HPV types
Low-riskf 95 1.00 1.00
HPV 16 51 0.47 0.31, 0.69 0.48 0.32,0.72
HPV 31, 33, 35, 52, 58 72 0.67 0.47,0.94 0.66 0.47,0.94
HPV 18, 39, 45, 59, 68 52 0.98 0.70, 1.39 1.09 0.75, 1.55
Other high-risk 46 0.87 0.56, 1.35 0.89 0.55, 1.36
Multiplicity of infection
Singlet 162 162 1.00 1.00
Multiple 65 154 1.05 0.81, 1.36 0.97 0.74,1.28
Viral load (quintile)
| (lowest)t 67 1.00
1 55 1.24 0.87,1.76
n 61 0.89 0.56, 1.20
I\ 63 0.60 0.42,0.85
V (highest) 69 1.11 0.79, 1.57

p for trend = 0.11
Age (years)

13-17% 32 57 1.00 1.00

18-24 51 72 1.02 0.70, 1.48 1.06 0.72,1.56

25-34 94 121 0.74 0.52, 1.05 0.90 0.62, 1.30

>35 50 66 0.79 0.52,1.22 0.92 0.59, 1.43

p for trend =0.10 p for trend = 0.53

Education

Highert 69 104 1.00

Secondary 94 127 0.81 0.59, 1.10

None or primary 64 85 0.77 0.54,1.11

p for trend = 0.11
Age at first intercourse (years)

<15% 56 86 0.74 0.52, 1.06

>15 171 230 1.00
No. of regular sexual partners

11 165 223 1.00

>2 52 73 1.14 0.86, 1.51
Parity

Nulliparous$ 46 79 1.00 1.00

Parous 181 237 0.64 0.48,0.88 0.64 0.47,0.89
Oral contraceptive use

Nevert 104 150 1.00 1.0

Ever 122 164 1.30 1.00, 1.67 1.38 1.07,1.77
Intrauterine device use

Nevert 98 147 1.00

Ever 129 169 0.87 0.66, 1.11
Smoking

Nevert 162 227 1.00

Ever 65 89 0.98 0.74,1.30

* HPV, human papillomavirus; RR, rate ratio; Cl, confidence interval.
1 Controlling for all other variables in the model.
I Reference category.
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in our semiquantitative evaluation of viral load is possible,
which would attenuate any underlying dose-response rela-
tion between viral load and HPV clearance. In the present
study, follow-up visits were less frequent than those in some
other investigations. Although this difference may have
hampered to some extent our ability to capture rapid varia-
tions in HPV status, it enabled us to reduce the number of
unnecessary treatments resulting from the cytologic mani-
festations of transient HPV infections. Finally, the informa-
tion on HPV status became available only at the end of the
present follow-up, ruling out any influence of this knowl-
edge on the clinical management of study participants.

The decision to analyze prevalent rather than incident
HPYV infections has both advantages and disadvantages. An
advantage is that we were able to include infections that had
persisted for many years prior to the start of the study, espe-
cially in older women. A disadvantage is that we did not
have the complete natural history of the infections studied.
For this reason, the clearance curve in figure 1 should not be
interpreted as the clearance of incident infections. Note that
the clearance rate was high in the first 6 months of follow-up
and diminished thereafter. This finding may be taken as
evidence of some heterogeneity in the potential for persis-
tence among prevalent infections. Our estimate of the
median clearance time (6 months) is lower than in previously
reported studies. This estimate correctly accounts for the
uncertainty in the clearance time, which is not known
exactly, but is known to only have occurred between two
visits. An analysis that equates the clearance date with the
visit at which the subject was HPV negative is incorrect and
leads to an overestimation of persistence. In our study, such
an analysis yields an (incorrect) estimate of median clear-
ance time of 19.5 months.

In conclusion, we found that less than half of prevalent
HPV infections persist after 6 months and only 7 percent
after 5 years. The strongest risk factor for persistence of
infection was the presence of HPV 16.

ACKNOWLEDGMENTS

Financial support was received from the Department of
Pathology, Vrije Universiteit Medical Centre, the Nether-
lands; the Department of Epidemiology, Instituto Nacional
de Cancerologia, Colombia; the International Agency for
Research on Cancer, France; and the United Nations Devel-
opment Programme/United Nations Population Fund/World
Health Organization/World Bank Special Program of
Research, Development and Research Training in Human
Reproduction, Department of Reproductive Health and
Research, World Health Organization, Switzerland (grant
94053A).

Dr. Molano obtained a fellowship from Colciencias of the
Colombian government.

The authors are indebted to all of the gynecologists,
nurses, and social workers who collaborated on the field-
work. They also thank Dr. L. Rozendaal for comments and
Drs. R. Pol, N. Fransen-Daalmeijer, R. Van Andel, and H.
Schrijnemakers for technical support.

Am J Epidemiol 2003;158:486-494

HPV Study Group: Drs. Mauricio Gonzalez, Joaquin
Luna, Gilberto Martinez, Edmundo Mora, Gonzalo Perez,
Jose Maria Fuentes, Constanza Gomez, Eva Klaus,
Constanza Camargo, Cecilia Tobon, Teodolinda Palacio,
Carolina Suarez, and Claudia Molina.

REFERENCES

1. Walboomers JM, Jacobs MV, Manos MM, et al. Human papil-
lomavirus is a necessary cause of invasive cervical cancer
worldwide. J Pathol 1999;189:12—19.

2. Human papillomaviruses. IARC monographs on the evaluation
of carcinogenic risks to humans. Vol 64. Lyon, France: Interna-
tional Agency for Research on Cancer, 1995.

3. Molano M, Posso H, Weiderpass E, et al. Prevalence and deter-
minants of HPV infection among Colombian women with nor-
mal cytology. Br J Cancer 2002;87:324-33.

4. Jacobs MV, Walboomers JM, Snijders PJ, et al. Distribution of
37 mucosotropic HPV types in women with cytologically nor-
mal cervical smears: the age-related patterns for high-risk and
low-risk types. Int J Cancer 2000;87:221-7.

5. Kjaer SK, van den Brule AJ, Bock JE, et al. Determinants for
genital human papillomavirus (HPV) infection in 1000 ran-
domly chosen young Danish women with normal Pap smear:
are there different risk profiles for oncogenic and nononcogenic
HPV types? Cancer Epidemiol Biomarkers Prev 1997;6:799—
805.

6. Lazcano-Ponce E, Herrero R, Mufioz N, et al. Epidemiology of
HPV infection among Mexican women with normal cervical
cytology. Int J Cancer 2001;91:412-20.

7. Woodman CB, Collins S, Winter H, et al. Natural history of
cervical human papillomavirus infection in young women: a
longitudinal cohort study. Lancet 2001;357:1831-6.

8. Ho GY, Bierman R, Beardsley L, et al. Natural history of cervi-
covaginal papillomavirus infection in young women. N Engl J
Med 1998;338:423-8.

9. Franco EL, Villa LL, Sobrinho JP, et al. Epidemiology of
acquisition and clearance of cervical human papillomavirus
infection in women from a high-risk area for cervical cancer. J
Infect Dis 1999;180:1415-23.

10. Kjaer SK, van den Brule AJ, Paull G, et al. Type specific per-
sistence of high risk human papillomavirus (HPV) as indicator
of high grade cervical squamous intraepithelial lesions in young
women: population based prospective follow up study. BMJ
2002;325:572-8.

11. Ho GY, Burk RD, Klein S, et al. Persistent genital human pap-
illomavirus infection as a risk factor for persistent cervical dys-
plasia. J Natl Cancer Inst 1995;87:1365-71.

12. Remmink AJ, Walboomers JM, Helmerhorst TJ, et al. The
presence of persistent high-risk HPV genotypes in dysplastic
cervical lesions is associated with progressive disease: natural
history up to 36 months. Int J Cancer 1995;61:306-11.

13. Nobbenhuis MA, Walboomers JM, Helmerhorst TJ, et al. Rela-
tion of human papillomavirus status to cervical lesions and con-
sequences for cervical-cancer screening: a prospective study.
Lancet 1999;354:20-5.

14. Gostout BS, Podratz KC, McGovern RM, et al. Cervical cancer
in older women: a molecular analysis of human papillomavirus
types, HLA types, and p53 mutations. Am J Obstet Gynecol
1998;179:56-61.

15. Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide inci-
dence of 25 major cancers in 1990. Int J Cancer 1999;80:827—
41.



494 Molano et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33

Jacobs MV, Snijders PJ, van den Brule AJ, et al. A general
primer GP5+/GP6(+)-mediated PCR-enzyme immunoassay
method for rapid detection of 14 high-risk and 6 low-risk
human papillomavirus genotypes in cervical scrapings. J Clin
Microbiol 1997;35:791-5.

van den Brule AJ, Meijer CJ, Bakels V, et al. Rapid detection of
human papillomavirus in cervical scrapes by combined general
primer-mediated and type-specific polymerase chain reaction. J
Clin Microbiol 1990;28:2739-43.

van den Brule AJ, Pol R, Fransen-Daalmeijer N, et al. GP5+/6+
PCR followed by reverse line blot analysis enables rapid and
high-throughput identification of human papillomavirus geno-
types. J Clin Microbiol 2002;40:779-87.

Jacobs MV, van den Brule AJ, Snijders PJ, et al. A non-radio-
active PCR enzyme-immunoassay enables a rapid identifica-
tion of HPV 16 and 18 in cervical scrapes after GP5+/6+ PCR.
J Med Virol 1996;49:223-9.

Peto R. Experimental survival curves for interval censored data.
Appl Stat 1973;22:86-91.

Turnbull BW. The empirical distribution function with arbi-
trarily grouped censored and truncated data. J R Stat Soc (B)
1976;38:290-5.

Pan W. A multiple imputation approach to Cox regression with
interval-censored data. Biometrics 2000;56:199-203.

Ihaka R, Gentleman R. R: a language for data analysis and
graphics. J Comput Graph Stat 1996;5:299-314.

Therneau TM, Grambsh P.M. Modeling survival data: extend-
ing the Cox model. New York, NY: Springer, 2000:170.
Moscicki AB, Shiboski S, Broering J, et al. The natural history
of human papillomavirus infection as measured by repeated
DNA testing in adolescent and young women. J Pediatr 1998;
132:277-84.

Elfgren K, Kalantari M, Moberger B, et al. A population-based
five-year follow-up study of cervical human papillomavirus
infection. Am J Obstet Gynecol 2000;183:561-7.

Liaw KL, Hildesheim A, Burk RD, et al. A prospective study of
human papillomavirus (HPV) type 16 DNA detection by poly-
merase chain reaction and its association with acquisition and
persistence of other HPV types. J Infect Dis 2001;183:8-15.
Clifford GM, Smith JS, Plummer M, et al. Human papillo-
mavirus types in invasive cervical cancer worldwide: a meta-
analysis. Br J Cancer 2003;88:63-73.

Burger RA, Monk BJ, Kurosaki T, et al. Human papillomavirus
type 18: association with poor prognosis in early stage cervical
cancer. J Natl Cancer Inst 1996;88:1361-8.

Tindle RW. Immune evasion in human papillomavirus-
associated cervical cancer. Nat Rev Cancer 2002;2:59-65.
XiLF, Demers GW, Koutsky LA, et al. Analysis of human pap-
illomavirus type 16 variants indicates establishment of persis-
tent infection. J Infect Dis 1995;172:747-55.

Villa LL, Sichero L, Rahal P, et al. Molecular variants of
human papillomavirus types 16 and 18 preferentially associated
with cervical neoplasia. J Gen Virol 2000;81:2959-68.

. Ellis JR, Keating PJ, Baird J, et al. The association of an HPV16

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

oncogene variant with HLA-B7 has implications for vaccine
design in cervical cancer. Nat Med 1995;1:464-70.
Londesborough P, Ho L, Terry G, et al. Human papillomavirus
genotype as a predictor of persistence and development of high-
grade lesions in women with minor cervical abnormalities. Int J
Cancer 1996;69:364-8.

Xi LF, Koutsky LA, Galloway DA, et al. Genomic variation of
human papillomavirus type 16 and risk for high grade cervical
intraepithelial neoplasia. J Natl Cancer Inst 1997;89:796-802.
Cuzick J, Meijer CJ, Walboomers JM. Screening for cervical
cancer. Lancet 1998;351:1439-40.

Franco EL, Villa LL, Richardson H, et al. Epidemiology of
cervical human papillomavirus infection. In: Franco EL,
Monsonego J, eds. New developments in cervical cancer
screening and prevention. Oxford, United Kingdom: Blackwell
Science, 1997:14-22.

van Duin M, Snijders PJ, Schrijnemakers HF, et al. Human pap-
illomavirus 16 load in normal and abnormal cervical scrapes:
an indicator of CIN II/III and viral clearance. Int J Cancer 2002;
98:590-5.

Ylitalo N, Josefsson A, Melbye M, et al. A prospective study
showing long-term infection with human papillomavirus 16
before the development of cervical carcinoma in situ. Cancer
Res 2000;60:6027-32.

Sun CA, Liu JF, Wu DM, et al. Viral load of high-risk human
papillomavirus in cervical squamous intraepithelial lesions. Int
J Gynaecol Obstet 2002;76:41-7.

Lorincz AT, Castle PE, Sherman ME, et al. Viral load of human
papillomavirus and risk of CIN3 or cervical cancer. Lancet
2002;360:228-9.

Sun XW, Ellerbrock TV, Lungu O, et al. Human papillomavi-
rus infection in human immunodeficiency virus-seropositive
women. Obstet Gynecol 1995;85:680-6.

Sellors JW, Mahony JB, Kaczorowski J, et al. Prevalence and
predictors of human papillomavirus infection in women in
Ontario, Canada. Survey of HPV in Ontario Women (SHOW)
Group. CMAJ 2000;163:503-8.

Hildesheim A, Schiffman MH, Gravitt PE, et al. Persistence of
type-specific human papillomavirus infection among cytologi-
cally normal women. J Infect Dis 1994;169:235-40.

Moreno V, Bosch FX, Muiioz N, et al. Effect of oral contracep-
tives on risk of cervical cancer in women with human papillo-
mavirus infection: the IARC multicentric case-control study.
Lancet 2002;359:1085-92.

Deacon JM, Evans CD, Yule R, et al. Sexual behaviour and
smoking as determinants of cervical HPV infection and of
CIN3 among those infected: a case-control study nested within
the Manchester cohort. Br J Cancer 2000;83:1565-72.

Castle PE, Wacholder S, Lorincz AT, et al. A prospective study
of high-grade cervical neoplasia risk among human papilloma-
virus-infected women. J Natl Cancer Inst 2002;94:1406-14.
Muiioz N, Franceschi S, Bosetti C, et al. Role of parity and
human papillomavirus in cervical cancer: the JARC multicen-
tric case-control study. Lancet 2002;359:1093-101.

Am J Epidemiol 2003;158:486—-494



