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Follow-up study of HPVS8 variants in women with
incident HPVSS8 infection from a Colombian cohort
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Abstract. Certain variants of human papillomavirus (HPV)
type 58 are associated with an increased risk of high grade
squamous intraepithelial lesions and cervical cancer. However,
little is known about the persistence of HPV58 E6/E7 variants
in women with incident HPV58 infections. The aim of the
present study was to evaluate the presence and persistence
of HPV58 E6/E7 variants in 71 women with incident HPV58
infection throughout their follow-up. These women belonged
to a cohort examined in a longitudinal study of 1,610
Colombian women, who were HPV-negative and had normal
baseline cytology. E6/E7 DNA regions of HPV58-positive
samples were amplified and sequenced using automated direct
sequencing. A total of 639 samples were analyzed from the
71 women, and 117 samples (18.3%) were HPV58-positive.
HPV58 E6/E7 variants were detected in 85.5% of the samples.
The T307/A694/G744/A761 variant was identified in 88% of the
samples, the T307/G744 variant was identified in 9% of samples
and the T187/T307/A367/G744/G793/T798/A801/T840/C852
was identified in 3% of the samples. Overall, 50% of the
HPV58 infections were present after 1 year of follow-up and
all infections were cleared after 7 years. Women who had first
sexual intercourse at >15 years of age had a lower clearance
rate than those who had sexual intercourse for the first time
at <15 years of age [hazard ratio (HR)=0.29; 95% confidence
interval (CI)=0.09-0.92]. Likewise, parous women had a
higher clearance rate than nulliparous women (HR=3.43,
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95% CI=1.23-9.60). There was no difference in clearance
rates between HPV58 E6/E7 variants. In conclusion, HPV58
variants were not associated with persistence of the infection
in this group of women.

Introduction

Clinical and epidemiological studies have established that
infections by certain human papillomavirus (HPV) types are
associated with the development of cervical cancer and its
precursor lesions (1-4). The marked geographic differences
in the incidence of cervical cancer are not only the result of
differences in screening patterns to detect and treat precursor
lesions, but also due to differences in exposure to various risk
factors. Different HPV genotypes, including variant presence,
genetic alterations, host factors and environmental factors
are involved in the pathways underlying cervical carcino-
genesis (5-8). A persistent infection with carcinogenic types
of HPV is a pivotal event in the incidence of cervical cancer.
However, few long-term studies following persistent HPV
infections and quantifying risk have been performed (9).

In Colombia, the incidence of cervical cancer is rela-
tively high at 26.1/100,000, and it is the principal cause
of cancer-associated mortality among women (10). In this
country, a prospective cohort study was initiated in the early
1990s by the Colombian National Institute of Cancer (Bogota,
Colombia) and the International Agency for Research on
Cancer (IARC; Lyon, France). The aim of the study was to
investigate the natural history of HPV infections and cervical
intraepithelial neoplasia (CIN) lesions among low-income
Colombian women (the Bogota cohort); however, viral factors
including variant presence were not studied (11-13).

HPV type 58 (HPV58) is the second most prevalent viral
type (6.2%) and has the second highest rate of incident infection
(11.2%) in women with normal cytology from the Colombian
population (11,12). The relative contribution of HPV58 to inva-
sive cervical cancer and CIN 3 lesions worldwide is 2.3 and
9.0%, respectively (14),and certain variants of HPV58 have
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been reported to have an increased risk of development of high
grade squamous intraepithelial lesions (HGSIL) and cervical
cancer in certain populations (15-17). In South America there
are few studies investigating HPV58 molecular variants, and
worldwide there are no follow-up studies analyzing their
involvement in the persistence and clearance of HPV58 inci-
dent infections in women with normal cytology. The present
study focuses on this analysis, and also provides information
concerning the function of other risk factors in the clearance of
HPV58 infections and whether the HPV58 infection-associated
risk of developing CIN 2,3 differs by variant. The aim of the
present study was to evaluate the presence and persistence of
incident HPV58 E6/E7 variants during a long follow-up period
in Colombian women with normal baseline cytology, and then
analyze variant status and other risk factors associated with
clearance of HPV58 infections.

Materials and methods

Study population. Between November 1993 and November
1995 a total of 2,200 sexually active women, 13-85 years
old, who presented to cervical cancer screening centres and
family-planning clinics in low socioeconomic settings in
Bogotd, Colombia, were invited to participate in a prospective
study of cervical HPV infection (11). Methods of recruitment
and data collection have been described previously (11,12).
The ethical committees of the National Cancer Institute and
the IARC approved the study protocol. A total of 1,610 women
who were HPV-negative and had normal cytology at base line
were included in the analysis of HPV incidence.

The analysis described in the present study was performed
in a subset of the study cohort of 71 women with incident
HPVS58 infections, together with their respective longitudinal
follow-up every 6-9 months. A total of 639 samples were
available for analysis over 7 years.

Biological specimens. The cell pellets used in the present study
were obtained from women who were HPV58 positive, and were
suspended in 1 ml Tris-HCI buffer (10 mM; pH 8.3) and stored
at -70°C. For analysis, 100 pl aliquots were boiled for 10 min
at 100°C, cooled on ice and centrifuged for 1 min at 3,000 x g
at4°C. A total of 10 ul of these pre-treated crude cell suspensions
were used for polymerase chain reaction (PCR) analysis. To
assess the quality of the target DNA, a 209 base pair amplifying
B-globin PCR was performed using the primer combination
BGPCO3 and BGPCOS, as described previously (18).

E6 and E7 HPV58 PCR amplification. The E6 and E7 regions
of HPV58 positive samples were amplified using E6 forward,
(5'-CAGACATTTTTTGGTAGGCTA-3"); E7 reverse 1,
(5-TCTTAGCGTTGGGTTGTT-3"); E7 forward 1, (5'-CTG
TAACAACGCCATGAGAG-3"); and E7 reverse 2, (5-TCA
GGGTCATCCATTGCAGA-3") primers, which amplify
fragments of 521 and 335 bp, respectively. The PCR amplifica-
tions were performed in a final volume of 50 ul containing
10 mM Tris HCI, 2.5 mM MgCl,, 0.2 mM of each dNTP,
25 pmol of each primer (Integrated DNA Technologies, Inc.,
Coralville, IA, USA) 1.25 U Taq polymerase (Amplitaq; Cetus;
PerkinElmer, Inc., Waltham, MA, USA) and 10 gl isolated
nucleic acid. The optimal amplification conditions for the
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PCR were as follows: Denaturation for 4 min at 94°C followed
by 40 cycles of amplification. Each cycle consisted of 1 min
at 94°C, 1 min at 50°C and 1.5 min at 72°C. The final elonga-
tion step was extended for a further 10 min. The amplified
DNA was analysed by 1.5% agarose gel electrophoresis and
ethidium bromide staining (0.5 pg/ml) and viewed with the
Gel Doc XR Gel Documentation System (Image Lab™ soft-
ware; Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Negative controls, with PCR mix and water, and positive
controls with 100 fg and 1 pg cloned HPV58 DNA in a back-
ground of 100 ng human placental DNA were included in each
experiment. These controls were obtained from the World
Health Organisation HPV DNA proficiency panel [HPV
LabNet Global Reference Laboratory (GRL), Sweden].

E6 and E7 HPV58 sequence analysis. The E6 and E7 HPV58
amplicons were purified using the commercial GFX PCR
kit (GE Healthcare, Chicago, IL, USA) according the manu-
facturer's protocol. Cycle sequencing was performed using
the 7-Deaza-dGTP-Cy5.5 Dye Primer Cycle Sequencing kit
(Visible Genetics, Inc., Toronto, Canada) according to the
manufacturer's protocol, and was run on an automated DNA
sequencer (SEQ 4x4; GE Healthcare). For the sequencing reac-
tion, the same primers were used as for the PCR. Sequences
of sense, antisense and combined strands of the PCR products
were generated. The sequences were analyzed using the Basic
Local Alignment Search Tool function (BLAST + 2.2.28;
National Center for Biotechnology Information; U.S. National
Library of Medicine, Bethesda, MD, USA), and variants were
interpreted visually in comparison with the HPV58R prototype
sequence (GenBank no. D90400.1) (19).

Statistical methods. Frequencies and percentages were used
to analyse HPV58 E6/E7 variants presence and viral load.
An incident HPV5S infection was defined as the first positive
type-specific result following a negative result for the same
type of HPV. Correspondingly, type-specific HPV58 clearance
was defined as the first negative PCR result following an
incident HPV58 infection. Duration of an HPV58 incident
infection was defined as the elapsed time from the date of
infection to the date of clearance. The survival function, which
describes the probability that an HPV infection has cleared
as a function of time, was estimated using Kaplan-Meier
analysis of interval-censored data, followed by the log rank
test. Cox regression analysis was performed to estimate
the age-adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs) on clearance of HPV58 infection according to
different risk factors. All analyses were performed using SPSS
software (version 17; SPSS Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference..

Results

Frequency of HPV58 E6/E7 variants in women with incident
HPV58 infections. A total of 71 women had incident HPV58
infections during the follow-up period. The median age of
the women was 33.6 years (range, 16-67.72). The follow-up
period lasted between 1 and 7 years, with a total of 2-12
visits (average, 8.72 visits). Of a total of 639 cervical scrapes
obtained during follow-up, 117 samples were HPV58-positive.
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Figure 1. E6 and E7/HPVS58 sequence variants detected during follow-up in women with incident HPV58 infections from the Colombian cohort. Upper-case
letters in bold indicate HPV58 R (reference sequence; Gen Bank no. D90400). Dashes indicate no nucleotide change, upper-case letters indicate mutations that
produce an amino acid change and lower-case letters indicate silent mutations. HPV, human papillomavirus.
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Figure 2. Persistence of HPV58 incident infections. The mean duration of
HPVS58 incident infections was 16.85 months (95% CI=14.02-19.68). HPV,
human papillomavirus; CI, confidence intervals.

However, variants were identified in 100 samples (85.5%).
Three different variants were identified: 88% of the samples
were positive for the T307/A694/G744/A761 variant, 9% were
positive for the T307/G744 variant and 3% were positive for the
T187/T307/A367/G744/G793/T798/A801/T840/C852 variant.
None of the samples were infected with multiple variants or
the reference sequence of HPV58. The E6 and E7/HPV58
sequence variants detected during follow-up in women with
incident HPV5S infections are presented in Fig. 1.

Clearance of incident HPV5S infections. From the 71 women
who had incident HPV58 infections, 50 (70.4%) were tran-
sient, whilst 21 (29.6%) were persistent at more than one visit.
The persistence of HPV58 infections as a function of time is
presented in Fig. 2. Overall, 50% of HPV58 infections were still
present at 1 year of follow-up, 15% at 2 years, 3% at 4 years and
0% at 7 years of follow-up. There was no difference in HPV58
persistence when the HPV58 infection was identified in single or
in multiple infections (co-infection; Fig. 3). The mean duration
of HPV58 infection as a single infection was 16.03 months and
in multiple infections was 15.53 months (P=0.84; log rank test).

Clearance of HPV58 E6/E7 variants. The probability
of persistence of HPV58 E6/E7 variants in women with
incident HPV58 infections is presented in Fig. 4. The same
variant was identified in persistent cases at all visits for all
women. The T307/A694/G744/A761 variant had a mean
duration of infection of 16.65 months, while the mean
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Figure 3. Persistence of single and multiple HPV58 infections. The mean dura-
tions of HPVS58 incident infections (single and multiple) were 16.03 months
(95% C1=12.70-19.37) and 15.53 months (95% CI=12.17-18.89), respectively.
Data were analyzed using the log rank test and there was no significant
difference (P=0.84). HPV, human papillomavirus; CI, confidence intervals.
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Figure 4. Persistence of human papillomavirus 58 infection stratified by
E6/E7 variants in women with incident infections. Data were analyzed using
the log rank test and there was no significant difference (P=0.98).

duration for the T307/G744 variant was 16.76 months and
for the T187/T307/A367/G744/G793/T798/A801/T840/C852
variant 17.91 months (P=0.98; log rank test).
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Table I. HR and 95% CI for clearance of HPV58 incident infections.

Clinicopathological characteristic No. % HR 95% CI
Age, years

<30 23 354 1.00

=30 42 64.6 0.78 0.35-1.73
Age at point of first sexual intercourse, years

<15 15 23.1 1.00

>15 50 76.9 0.29 0.09-0.92
Parity

None 11 16.9 1.00

=1 54 83.1 343 1.23-9.60
Use of oral contraceptives

No 48 750 1.00

Yes 16 25.0 0.63 0.27-1.47
Type of infection

Single 41 63.1 1.00

Multiple 24 369 0.72 0.32-1.00
Viral load, RLU

Low, <0.5 16 24.6 1.00

Medium, =0.5-<1.5 14 215 2.58 0.78-8.52

High,=1.5 35 539 1.67 0.71-3.93
HPV58 variant

1* 54 87.1 1.00

2° 5 8.1 0.54 0.12-3.29

3¢ 3 4.8 0.77 0.15-3.94

*T307 A694 G744 A761.°T307 G744.°T187 T307 A367 G744 G793 T798 A801 T840 C852. HR were adjusted for age and cofactors. Multiple
infections refer to the presence of HPV58 with other types of HPV. HR, hazard ratio; CI, confidence interval; HPV, human papillomavirus.

Table II. Characteristics of the patients with incident HPV58
infections that developed high grade squamous intraepithelial
lesions during follow-up.

Age Type of HPV58
Case Visit (years) infection variant
1 2 36 Multiple No amplification
(HPV31-33-58)
2 2 44 Multiple T307/A694/G744/A761
(HPV58-81)

HPV, human papillomavirus.

Risk factors associated with clearance of HPV5S incident
infections. Table 1 presents the age-adjusted and multi-
variate rate ratios of HPV58 clearance by several viral
and host characteristics. During follow-up, women that
first engaged sexual intercourse at >15 years of age had a
lower clearance rate than those who first engaged in sexual
intercourse at <15 years of age [hazard ratio (HR)=0.29;
95% confidence interval (CI)=0.09-0.92]. In contrast, parous
women were associated with a higher clearance rate than

nulliparous women (HR=3.43, 95% CI=1.23-9.60). There
was no difference in clearance rates between the HPV58
variants.

Characteristics of the women with incident HPV58 infections
that developed HGSIL during follow-up. Table 1I lists the
characteristics of 2 women with incident HPV58 infections
that developed HGSIL during the follow-up. In the two women
the HGSIL was diagnosed at the second visit. The women were
aged >35 years and had multiple HPV infections.

Discussion

A number of studies have demonstrated that certain HPV58
E6/E7 variants are associated with a higher risk of cervical
cancer (15,16,20-27). In the present study, the presence and
persistence of incident HPV58 E6/E7 variants was assessed
during a long follow-up period in women with normal baseline
cytology, as well as other risk factors associated with clearance
of HPV58 infections.

At present, information concerning sequence variability
of HPVS5S8 is limited. The majority of studies have been
performed in Asian populations where higher rates of
HPV58 prevalence have been reported compared with
the rest of the world (15,16,20-22). Only a few studies in



Latin-American countries have evaluated the presence of
HPVS58 variants (23-29).

Two previous publications by an Asian group analyzed
samples from 15 different countries (30,31). These studies
reported sequence variability of the E6, E7, E2, E5, L1 and
LCR regions of the HPV58 genome, and proposed a novel
classification of HPV58 variants into 4 lineages. They
also identified specific variants that are associated with an
increased risk of cervical intraepithelial neoplasia grade III
and invasive cervical cancer (30,31). However, there is only
one follow-up study that analyzes the function of HPV58 vari-
ants in predicting persistence of HPV58 infections in women
with low grade squamous intraepithelial lesions and atypical
squamous cells of undetermined significance (32). The
present study included women with normal baseline cytology
who developed incident HPV58 infections during follow-up.

Three different variants were identified in the E6/E7
regions, with the T307/A694/G744/A761 variant demonstrating
the highest frequency (88% of the samples); which is in
agreement with a previous study examining the same cohort
of women with prevalent HPV58 variants (27) as well as the
study published by Chan et al (16) in 2002, where this variant
was the most frequent in women with normal cytology.

To the best of our knowledge there are no follow-up studies
analyzing the involvement of incident HPV58 variants in the
clearance of HPV58 infections and other risk factors in women
with normal cytology. The variant analysis demonstrated
that for those women with persistent HPV58 infections, the
same variant was detected over time. This confirmed the
real persistence of HPV58 infections in the study popula-
tion (27). In total, 50% of the HPV58 incident infections were
still present after 1 year of follow-up and 3% after 4 years;
a similar result to those reported by others (33). The present
study also revealed no difference in HPV58 clearance rates
when the infection was a single event or comprised of multiple
infections. In a follow-up study of 2,462 women enrolled in the
Ludwig-Mc Gill cohort, Trottier et al (34) revealed differences
in HPV58 infection duration when the infection was analyzed
as mono-infection or co-infection with other HPV genotypes.
Differences between studies may be explained by study
design, the study population, and differences in data analysis
and methods of sampling and genotyping.

One of the aims of the present study was to analyze
whether there were differences in clearance rates between
HPV58 variants in women with normal baseline cytology. The
present study revealed that there was no significant difference
in clearance rates and the variants detected had similar time of
median duration, suggesting that these variants did not serve a
direct function in the clearance of the HPV58 infection in this
cohort of women.

Clinicopathological characteristics, including age at the point
of first sexual intercourse and parity, were associated with HPV58
incident infection clearance time. These factors may therefore
be added to the list of other previously reported host factors that
affect the clearance of HPV infections (12).

In the present study only 2 women infected by HPV58
incident infections developed HGSIL. It was not possible
to amplify the E6 and E7 region in 1 patient, and the other
presented with the variant T307/A694/G744/A761, which
has been previously reported in other studies in women with
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normal histology and HGSIL (31). Other molecular HPV58
variants isolated from HGSIL have been demonstrated to
exhibit different transcriptional activity that may be important
in the expression of E6 and E7 viral oncogenes (35).

The E6 and E7 regions of HPV58 positive samples
were amplified, but in a small number of samples it was
not possible to amplify these regions and therefore E6/E7
variants failed to be identified. A potential reason for this
may be low efficiency in the amplification process due to the
fragment size amplified (36). Other reasons may involve DNA
degradation or DNA fragmentation in the samples analyzed,
low viral loads, viral integration or disruption in the HPV58
genome (20).

The sample size in the present study was small, which was
a limitation to the analysis of the function of HPVS58 variants
in the development of HGSIL. Further studies are required
to examine the persistence of HPV58 E6/E7 variants in
women with abnormal cytology to analyze their pathological
implications.
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