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Abstract
Background—Human papillomavirus (HPV) is the cause of cervical cancer. To better understand
the natural history of HPV, we assessed the incidence of type-specific HPV infection and examined
risk factors for acquisition of high-risk (HR) HPV infection in Danish women.

Methods—A population-based prospective cohort study of women aged 20 – 29 years was
conducted. Participants were interviewed and underwent two gynaecological examinations 2 years
apart. Women for whom Hybrid Capture 2 results were available at both visits were included in the
analysis (n = 7454).

Results—A HR HPV infection was acquired by 12.8% of the women during follow-up. The
incidence decreased with increasing age. The commonest types were HPV16, HPV31 and HPV52.
HPV66, HPV58 and HPV53 were mainly acquired with other HR types. Multiple HR types were
acquired in 50% of the women who became HPV positive during follow-up. In initially HPV negative
women age, number of sexual partners and oral contraceptive use were the main risk factors for
acquisition, particularly of multiple HR HPV types.

Conclusions—HPV infections were commonly acquired. We confirmed the sexually transmitted
nature of the infection. Our findings show that both the level of potential exposure and other
behavioural factors increase the risk for HR HPV acquisition.
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INTRODUCTION
Some human papillomavirus (HPV) types have a carcinogenic potential, and high-risk (HR)
HPV types are detected in almost all cervical cancers. HPV is also causing a proportion of
other anogenital cancers, such as cancers of the vulva, vagina and anusas well as cancers of
the mouth and pharynx1. HPV16 and HPV18 are detected particularly frequently in patients
with cervical cancer 2. A prophylactic vaccine against these types is now available and might
be an effective instrument for primary prevention in the future. Nevertheless, to optimize the
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prevention of cervical cancer and other anogenital cancers, studies are still needed on the
natural history of HPV.

The earliest studies of the incidence of cervical HPV infection focused mainly on overall HPV
infection (any HPV type) 3–5. Other studies, however, recognized differences in acquisition
rate and risk factor profile between low-risk (LR) and high-risk HPV types 6–9 and infections
with single and multiple HPV types 10–12.

In the study reported here, we assessed the incidence of specific HR HPV types and differences
in the risk factor profiles for acquisition of a single and multiple HR HPV types in a large
population-based cohort of more than 7000 Danish women.

MATERIALS AND METHODS
Study population

The study population consisted of women participating in a population-based cohort study
initiated in 1991 to examine the association between HPV infection and the development of
cervical neoplasia. All the participants gave written informed consent before inclusion. The
study was approved by the Scientific Ethical Committee of Copenhagen and Frederiksberg
Municipality, Denmark.

A detailed description of the study design was given previously 13. Briefly, 17 949 women
aged 20–29 years were randomly sampled from the general female population of Copenhagen
through the computerized Central Population Register.

A total of 1,643 women had moved out of the study area before they were contacted. The
remaining 16,345 women were invited to participate, and 11,088 women (68%) accepted the
invitation and were enrolled in the study. Two years later, the participants were invited again
in the same order as that in which they were originally included, and 8656 women (78%)
underwent a second examination.

At the first examination, all participants had a personal interview, in which they answered
questions about sociodemographic variables, contraceptive use, sexual habits, reproductive
history, and smoking habits. Furthermore, they gave blood samples and had a gynaecological
examination, at which a Pap smear was taken and cell material for HPV testing was obtained
from the ecto- and endocervix. At the second examination, the women underwent a new
gynaecological examination and participated in a new interview. The second interview
contained to a large extent the same questions as the first interview, only for sexual habits
(number of sexual partners) we focused on the period between the two visits (number of sexual
partners during follow-up).

HPV was detected by Hybrid Capture 2 (HC2) and LiPA V2 polymerase chain reaction (PCR)
assay. We excluded from the present analyses women for whom HC2 results were not available
from both examinations, either because they participated only in a telephone interview at the
second examination (n = 371) or because the HPV test results were missing (due to
menstruation at the time of examination (n=90) or because the sample was lost (n=411) or
insufficient for HPV analysis (n=95)). In addition, we excluded women for whom the PCR
result was missing at either the first (n=24) or the second examination (n = 128). Finally, we
excluded women who reported that they were virgins at the second examination (n = 83). This
left 7454 women for analysis.
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HPV detection and genotyping
The laboratory personnel were fully blinded to the cytological and clinical diagnosis at the time
of the HR HPV DNA test. As described previously, the specimens were collected into a
medium, not originally recommended for the HC2 test; therefore, a conversion protocol was
performed (HC2; Qiagen Corporation, Gaithersburg, Maryland, USA) 14. The assay was
performed with the cut-off of 1.0 pg/ml recommended by the United States Food and Drug
Administration, only with the HR probe that detects at least 13 carcinogenic types (HPV 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68) 15. Replicate assays were performed on a number
of plates, with virtually identical results.

Genotyping was performed in HC2 positive samples by use of the validated PCR method
LiPAv2 (Innogenetics Inc., Ghent, Belgium) 16. Genotyping was performed on 200 μl of the
remaining denatured specimen transport medium sample of positive HC2 tests, from which
total nucleic acid (DNA) was isolated with the MagnaPure device (Roche Systems,
Indianapolis, Indiana, USA). The efficiency of DNA extraction was tested by including 104

HPV16-positive SiHa cervical carcinoma cells. For the LiPaV2 SPF-PCR assay, 5 μl of the
DNA solution were used in a final volume of 50 μl, with AmpliTaq Gold and 40 cycles of 30
s of denaturation at 95 °C, followed by 45 s at 52 °C annealing temperature and 45 s of extension
at 72 °C run on a MJ Thermocycler PCT 200. The PCR product was then denatured, and a 10-
μl aliquot was hybridized onto an HPV genotype detection strip at 49 °C for 60 min, followed
by multiple washings. The genotype was detected in the substrate solution provided. The
hybridized strips were read with a scanner and the LiRAS prototype software (Innogenetics
Inc., Ghent, Belgium), which reports the band intensities in greytone values of 0.1–1.0 and
allows direct data transfer onto Excel spreadsheets.

Statistical analysis
We estimated the overall acquisition rate of HR HPV for women who were HPV-negative at
enrolment and became HR HPV-positive during the 2-year follow-up. In addition, we estimated
the type-specific 2-year incidence of HR types of HPV (i.e. the number of women infected
with a specific type at the second examination divided by the number of women who were
HPV-negative for that HPV type at the first examination). Age-specific 2-year incidence was
estimated overall and for each HPV type. Finally, we examined whether specific HPV types
were acquired as single HPV infections or with other HR HPV types.

We also estimated the overall acquisition rate of new HR HPV types in initially HR HPV-
positive women. We distinguished between acquisition by women who were HPV16-positive
initially and those who were initially positive for other HR types than HPV16.

In the risk factor analysis, we distinguished between acquisition by women who were HC2
HPV-negative at enrolment and became HC2 HPV-positive for respectively, a single or
multiple HR HPV types in the follow-up period.

The risk factors included were selected on the basis of the literature. In the analyses, we used
variables from the baseline (first interview), but included in addition number of partners during
follow-up (second interview). We first examined each variable in age-adjusted regression
models (SAS STAT version viewer 8.2). The measure of association was the odds ratio (OR)
with a 95% confidence interval (CI). Age was included in all the multivariate models. Further
selection was made among variables that were significant at the 10% level in the age-adjusted
model. Stepwise regression was performed to define the final multivariate model. In the final
model we included those variables found to be significantly associated with risk of acquisition
and/or those which changed the estimates of the other variables. When interaction was tested
in a regression model, we found a significant interaction between marital status and number
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of sexual partners. The continuous variables age, number of sexual partners during follow-up
and duration of oral contraceptive use were initially modelled as linear splines with knots placed
according to quartiles in cases. We tested whether the model could be reduced to one with
linear associations. As none of the variables deviated from linearity, they were treated as linear
in the multivariate models.

RESULTS
In our study population of 7454 women, all women had a HC2 test result 1208 were HR HPV-
positive at the time of the initial examination (16.2%; 95% CI: 15.4–17.0). At the second
examination, 16.7% (95% CI: 15.9–17.6) were HR HPV-positive. A total of 5448 women were
HPV negative at both examinations (73.1%), whereas 448 women (6.0%) were HR HPV-
positive at both examinations. In all, 720 women (63%) went from HC2 HPV positive at the
first examination to HC2 HPV negative at the second examination (Table 1).

Risk of HR HPV acquisition
The overall 2-year incidence of HR HPV infection in initially HPV-negative women was 12.8%
(798/6246; 95% CI: 12.0–13.6) (Table 2). The age-specific incidence was significantly higher
in women aged 20–23 years (17.9%; 95% CI: 16.2–19.6) than in women aged 24–26 years
(12.3%; 95% CI: 10.9–13.7) and women aged 27–29 years (8.7%; 95% CI: 7.6–9.9) (Table 2).
The type-specific 2-year incidence of oncogenic types was highest for HPV52 (3.0%; 23.1%
of women who became HPV-positive), HPV16 (2.9%; 22.8% of women who became HPV-
positive) and HPV31 (2.6%; 20.2% of women who became HPV-positive). The cumulative
proportion of women positive for specific types of HPV at either the first and/or at the second
examination ranged from 7.5% for HPV16 to 1.5% for HPV35 (data not shown). For all HPV
types, a decreasing trend in incidence was observed with increasing age (Table 2).

Overall, 50% of the women who became HPV-positive during follow-up acquired multiple
HR HPV types (Table 2). Examination of the type-specific acquisition of single and multiple
HR HPV types showed that HPV66, HPV58 and HPV53 in particular were acquired mainly
with other HR HPV types (97%, 89% and 86%, respectively); HPV16 and HPV45 were also
often acquired with other HR HPV types (61.4% and 61.5%, respectively) (Figure 1). However,
no two types were more likely to be acquired together than others; neither did we find that
HPV types from the same species groups were more likely acquired together (data not shown).

Of the initially HR HPV-positive women, 20.8% (95% CI: 18.5–23.1) acquired new HR HPV
types during follow-up (data not shown). Initially HPV-positive women who did not have
HPV16 at baseline were more likely to acquire a new HR HPV type during follow-up (22.8%;
95% CI: 20.0–25.6) than women who had an HPV16 infection at baseline (15.8%; 95% CI:
11.9–19.6) (data not shown).

Risk factors for acquisition of HR HPV
Table 3 shows the risk factors for incident HR HPV infection in initially HPV-negative women.
We distinguished between acquisition of a single and multiple HR HPV types. In both analyses,
age and number of sexual partners were the most important risk determinants, with the strongest
association in women who acquired multiple HR HPV types. Younger age implied an increased
risk for HR HPV acquisition, the odds ratio per younger year being 1.06 (95% CI: 1.02–1.11)
for women who acquired a single HR HPV type and 1.14 (95% CI: 1.10–1.19) for women who
acquired multiple HR HPV types.

We found a significant interaction between number of sexual partners during follow-up and
marital status (single HR type: p = 0.0005; multiple HR types: p < 0.0001). The risk associated
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with the number of sexual partners increased more for married or cohabiting women than for
women who reported that they were single. For married women the OR for acquisition of
multiple HPV types was 15.39 (95% CI: 9.26–25.58) in women with ≥4 sexual partners during
follow-up compared to women with ≤ 1 sexual partner, whereas the corresponding OR for
single women was 4.15 (95% CI: 2.45–7.02). The number of sexual partners between the two
examinations (i.e. recent partners) was a stronger determinant of acquisition of HR HPV than
the lifetime number of sexual partners, e.g. in women with multiple HR HPV types the OR in
married women was 1.47 (95% CI: 1.33–1.62) per each recent sexual partner, whereas the OR
was 1.11 (95% CI: 1.07–1.15) per each lifetime sexual partner.

Self-reported history of genital warts and genital Chlamydia infection were not associated with
acquisition of HR HPV, nor did we observe an association with current genital Chlamydia
infection (DNA) (data not shown). Parity was associated with a decreased risk for acquiring
multiple HR HPV types (OR=0.57; 95% CI: 0.37–0.90 for parous women compared with
nulliparous women).

The risk for acquiring HR HPV infection, notably the acquisition of multiple HPV types,
increased with increasing years of oral contraceptive use. Current users who had taken oral
contraceptives for 7 years or more had a higher risk for acquiring multiple HR HPV types than
women who were not current users (OR=1.66; 95% CI: 1.17–2.35). Use of condoms was not
strongly associated with acquisition of HR HPV. Current smokers of more than 10 cigarettes
per day had a higher risk for acquiring a single HR HPV infection (OR=1.52; 95% CI: 1.22–
1.90) than non-current smokers, but no association was seen with acquisition of multiple HR
HPV types. We found no association with alcohol intake, age at first sexual intercourse or
number of sexually active years (data not shown).

The analysis of the risk for acquiring HPV16 during follow-up showed similar results, age and
number of sexual partners being the most important risk factors (data not shown).

DISCUSSION
The 2-year acquisition rate of HR HPV in our study was 13%, implying frequent exposure to
HPV. As expected, age and number of sexual partners were the main determinants of HPV
acquisition, once more emphasizing the sexually transmitted nature of the HPV infection.
Beside this, we found that oral contraceptive use was significantly associated with the risk of
HPV acquisition.

Although the age range of our study population was quite narrow, we observed that the
incidence decreased with age, in agreement with other cohort studies 7,11,17,18. The type-
specific 2-year incidence analysis showed that HPV52, HPV16 and HPV31 are acquired most
frequently. Previous studies have similarly found that HPV52 4,6,7,17, HPV16 4–7,12,17–20 and
HPV31 7,12 are commonly detected.

In line with previous findings for women 4,12,18,22 and men 23, we found that acquisition of
multiple HPV types was common. Having multiple HPV types is recognized as a possible risk
factor for HPV persistence and for cervical precancerous lesions 24. It is not yet known whether
the increased risk is due to the sum of risks from all individual types acquired or whether the
risk for cervical lesions accumulates with the number of HPV types acquired 24. Consistent
with two previous studies in women 22 and men 23, we observed that women who were initially
HR HPV-positive were particularly likely to acquire new HR HPV types. These findings may
indicate that acquisition of one HPV type facilitates acquisition of other HPV types or,
alternatively, that some women are more susceptible to HPV acquisition.
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Our analysis indicated that the likelihood of acquiring new HPV types was lower for women
who were initially HPV16-positive than for women who were HPV positive for other HR HPV
types. Women without HPV16 at baseline, however, reported slightly more sexual partners,
which may partly explain their increased likelihood of acquisition. Furthermore, from a
statistical point of view acquisition of new HPV types may occur more frequently in women
who are not HPV16-positive (HPV16 is very common and therefore more frequently acquired
than other HPV types). Alternatively, it may be hypothesized that HPV16 may initiate an
immune response that alters the ability to acquire other HPV types, thus making it less likely
that new HPV types will be acquired by a woman who is already HPV16-positive25. However,
in contrast to our finding, Rousseau et al. (22) and Liaw et al. (25) observed a slightly elevated
risk for new HPV types in women who were initially HPV16- or HPV18-positive. In view of
the relatively small numbers in the present analysis, however, more studies are needed to
understand the implications of HPV positivity on subsequent acquisition of new HPV types.

In our analysis of whether HR HPV types were acquired mainly as a single infection or together
with other types, some HR HPV types, particularly HPV66, were almost always detected in
combination with others. In agreement with the results of Thomas et al. 12, however, we found
no evidence of a pattern of concurrent acquisition of other HR HPV types, and no HR HPV
types were acquired together more frequently than others.

We found that lower age, increasing number of sexual partners and the use of oral
contraceptives were the main determinants of HPV acquisition, and in particular of the
acquisition of multiple HR HPV types even after mutual adjustment and adjustment for other
potential confounders. This indicates that both the level of potential exposure to HPV as well
as behavioural factors are strong predictors of whether women will acquire single or multiple
HR HPV types. Like Winer et al. 5, we observed that the number of recent partners was a
stronger predictor of HPV acquisition than the lifetime number of sexual partners. In addition,
we observed that only four of the 112 women who were initially HPV-negative and who
reported not having had a sexual partner during follow-up acquired an HR HPV infection,
which further supports the role of sexual transmission in the acquisition of HR HPV infections.
The four cases might have been due to transmission of HPV during sexual activity not involving
intercourse; however, as we did not obtain information on sexual activity other than sexual
intercourse, we cannot confirm this theory. Alternatively, it may be due to misinformation
about sexual activity among the four women. We also found an interaction between marital
status and number of sexual partners. Our finding can be explained if this group of married or
cohabiting women who have new sexual partners have more risky sexual behaviour, resulting
in increased exposure to HPV, e.g. sexual intercourse without barrier contraceptives or sexual
intercourse with men who are more likely to be infected. Women who reported that they were
married at baseline and had new sexual partners during the follow-up had in some cases
changed their marital status and were separated or divorced at the second examination, however
this cannot explain the entire interaction found.

Oral contraceptive use increased the risk for acquisition significantly, even after adjustment
for age and sexual partners. The results of existing studies are inconsistent; one study reported
an increased risk with use of oral contraceptives 5, another found a decreased risk 3 whereas
other studies observed no association 4,7,9. Our results support the hypothesis that use of oral
contraceptives increases the risk for acquisition of HPV. It is possible that oral contraceptive
use increases the occurrence of cervical ectropion, thus exposing the squamo-columnar
junction more to potential carcinogens 26; alternatively, oestrogen and progestogen may
increase cell proliferation and stimulate transcription of HPV allowing the establishment and
maintenance of the viral infection 26,27 or oral contraceptives may alter the host immune
response making the women more susceptible 28.
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In women who acquired multiple HR HPV types we observed an increased risk with condom
use, which is in agreement with several previous studies 29. Condoms may not seem effective
in protecting against HPV because the virus can be transmitted through contact with areas of
unprotected genital skin or more likely because the condom is not used consistently during the
entire intercourse 5,23,30.

In women who acquired a single HR HPV type we observed an increased risk of acquisition
with current smoking of ten or more cigarettes per day, but no such association was found in
women who acquired multiple HR HPV types. Some previous studies have found smoking to
be a risk factor for acquisition of HPV 5,10 whereas others have not 2,3,9. We have no
explanation for the different effect of smoking for acquisition of single or multiple HPV types.
The association could be due to chance, or alternatively, it has been suggested that smoking
may increase susceptibility to infection 28. We found no significant association with a history
of genital Chlamydia infection. Underreported information about previous genital Chlamydia
infection may have occurred, as routine testing for genital Chlamydia infection was not
widespread during this period.

The main strength of our study is the large number of participants, thus yielding stable
estimates, even in the type-specific analyses. Most previous studies have had significantly
fewer participants. As our follow-up visit took place after 24 months, we might have
underestimated the acquisition rate. The clearance rate in our study was 63%, Ho et al. 4 found
that 70% of all women had cleared their infections after 12 months and 80% after 18 months,
a finding that is also supported by later studies 18,19. Therefore, some women in our study
might have acquired an infection and cleared it again in the time between the two examinations.
Most recent studies have used selected groups of participants, such as students 4,5,20 and
patients at family planning clinics or practices 3,6,7,9,11,17,19. Our use of randomly sampled
women from the general population will potentially allow us to generalize our results to a wider
range of women.

Acquisition of respectively a single or multiple HR HPV types has been assessed separately
in only a few previous studies, so the present population-based study is important for
understanding the natural history of HPV. In summary, we found that the acquisition rate of
HR HPV infections was high overall, and for multiple HR HPV types. Distinguishing between
acquisition of single and multiple HR HPV types showed that age, sexual habits and oral
contraceptive use were even stronger determinants of acquisition for women who acquired
multiple HR HPV types.
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Figure 1.
Acquisition of specific human papillomavirus (HPV) types as single high- risk (HR) infections
or together with other HR HPV types (multiple HR infections)
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Table 1

Distribution of study participants according to high risk (HR) Hybrid Capture (HC2) status at enrollment (1st
examination) and at the follow-up visit (2nd examination)

2nd examination

1st examination HR HPV negative HR HPV positive Total

HR HPV negative 5448 798 6246
HR HPV positive 760 448 1208
Total 6208 1246 7454
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