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Concordance of HPV between vagina and cervix may be influenced by sample taking and by differences in flow of cervical
epithelial cells. To investigate the latter aspect, from 96 women visiting their general practitioner, and 63 sex workers visiting a
STI clinic, both vaginal and cervical samples for HPV detection were obtained by the doctor to standardize sample taking. To
identify factors that may influence the flow of cervical epithelial cells to the vagina, a questionnaire on intimate hygiene was
obtained. The overall HPV prevalence was 22.8%; 14.3% in the general population (14.3% in the cervix, 11.9% in the vagina),
compared with 34.4% in sex workers (31.1% in the cervix, 27.9% in the vagina). There was excellent agreement between HPV
prevalence in vaginal and cervical samples. The overall agreement was 94.5% (kappa�/0.83, 95% CI: 0.77 /0.89); in the general
population agreement reached 97.6%, compared with 90.0% in sex workers. Vaginal infection may influence concordance, but
for validation of this finding larger studies are necessary. The high concordance found between HPV prevalence in vagina and
cervix warrants further study of the applicability of self-sampling to improve coverage rates by attracting women who would
otherwise not obtain a pap test.
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INTRODUCTION
Introduction of mass screening for cervical cancer by pap
smear in the industrialized world has led to a reduction in
incidence and mortality. However, not all women participate
in screening, and women who have never been screened are
at an increased risk of developing invasive cervical cancer
(1). Both health service-related problems, e.g. the absence of
a female screener, and patient-centred problems, especially
fear of embarrassment or pain, are reasons for nonparticipation (2, 3). The pap smear, although not in the
medical sense of that word, is, in a woman’s perception an
invasive sampling method. Consequently, cervical cancer
screening could be more efficient if a less invasive test were
available. Human papillomavirus (HPV) is a common genital
sexually transmitted infection (STI), and persistent high-risk
HPV infection is strongly linked to cervical cancer (4).
Recently, several investigations have shown that self-sampled
vaginal material can be used for HPV detection. In these
studies a good correlation was found between self-sampled
vaginal material and a cervical sample taken by a professional (5 �/9). A previous investigation on Chlamydia trachomatis screening has shown that the threshold for selfsampling is low in general practice, and that most women
prefer this to sampling by a professional (10).
Potentially, concordance of HPV between vagina and
cervix may be influenced by sample taking and by differences in flow of cervical epithelial cells. By having the sample
taken by a professional we hoped to obtain the highest
concordance possible, by standardization of the sample
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taking. The prevalence of HPV in the cervix as well as the
vagina was investigated in a low-risk group of women
(women visiting their general practitioner (GP) for cervical
cancer screening) and a high-risk group of women (sex
workers visiting a sexually transmitted infection (STI) clinic
for prevention of STI and hepatitis B vaccination). Also,
using a questionnaire, we aimed to identify factors that
might influence the flow of cervical epithelial cells to the
vagina.
MATERIALS AND METHODS
Study group
Between October 2001 and March 2003, 159 women were enrolled in
this study. Of these women, 96 visited their general practitioner (GP)
for a routine pap smear, whereas 63 sex workers visited a STI clinic
for a regular check-up. All women were given written information
about the study and provided oral consent to participate in the
study. The study protocol was approved by the medical ethical board
of Antwerp University. The GP or STI doctor first took a vaginal
swab using a polyurethane-tipped swab (Culturette EZ, Becton
Dickinson) and then a cervical sample using a Cervex-Brush
(Rovers, Oss, The Netherlands). In the STI clinic separate brushes
were taken for cytology and HPV detection. Finally, a questionnaire
was completed by the doctor, in consultation with the patient.
Sample preparation and HPV detection
After vigorous vortexing, the cell suspension was centrifuged for 5
min at 3000 rpm. The cell pellet was resuspended in 0.5 ml TE
(10 mM Tris-HCl pH 8.0, 1 mM EDTA) and frozen at �/808C for
1h. After thawing, 100 ml of the suspension was taken, boiled for
10 min and centrifuged (5 min, 12,000 rpm). Isolation of DNA was
confirmed by b-globin PCR using primers PC03/04 (11). In
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b-globin-negative cases, the remaining material was incubated
overnight at 378C in the presence of 0.2 mg/ml proteinase K. After
boiling (10 min) and centrifugation the b-globin PCR was repeated.
Material positive for the b-globin PCR was subjected to the
GP5�//6�/HPV PCR (12). Detection of PCR products was
performed in an enzyme immunoassay (EIA) format as described
by Jacobs et al. (13). After detection of HPV with a high-risk (HR)
HPV probe cocktail, typing analysis was performed by EIA using
the probes for HR HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66 and 68, separately. The cut-off value for HPV positivity
was calculated as the mean plus 3 times the standard deviation
(SD) of all samples in the plate. Outliers were excluded and the mean
�/3SD was recalculated. This process was repeated until no further
outliers were found. The final mean �/3SD was taken as the cut-off
value (14).
Questionnaire
A simple questionnaire asked for the use of tampons, vaginal
showers, lubricants, condoms, vaginal cream, spermicidal cream
and/or other intimate products. Also, the women were asked whether
they had a vaginal infection and/or had used antibiotics during the
last month before their visit. Finally, the phase of the menstrual
cycle was noted (as d since last menstruation).
Statistical analysis
For comparison of the GP population and the STI clinic population
the x2 test was used. The correlation of HPV in the vagina and the
cervix was determined with an unweighted kappa statistic to
determine the percentage of correlation beyond that expected by
chance. To relate the HPV prevalence in the vagina and the cervix
with practices of intimate hygiene, the Fisher’s exact test was used. A
p -valueB/0.05 was considered statistically significant.

RESULTS
Eight cervical samples were lost due to logistic problems,
and 6 samples tested negative in the b-globin PCR. Therefore, in 145 women HPV detection was complete. The mean
age of the women was 31.5 y in the GP population (95% CI:
29.7 �/32.9 y), and 28 y in the STI clinic population (95% CI:
25.9 �/30.1 y) and this difference was statistically significant
(p �/0.01). Combined HPV prevalence (cervix and/or vagina) in this study was 22.8%; 14.3% in the general
population, compared with 34.4% in sex workers (p B/0.01,
Table I. Statistics of the HPV prevalence in vagina and cervix in lowrisk and high-risk populations

No. of women
HPV prevalence
Prevalence in Cx
Prevalence in Va
Overall agreement
HPV�/agreement
Kappa value
95%CI

Overall
n (%)

STI clinic
n (%)

GP
n (%)

145
33 (22.8)
31 (21.4)
27 (18.6)
94.5%
75.8%
0.83
0.77 �/0.89

61
21 (34.4)*
19 (31.1)
17 (27.9)
90.0%
71.4%
0.76
0.65 �/0.87

84
12 (14.3)*
12 (14.3)
10 (11.9)
97.6%
83.3%
0.90
0.83 �/0.96

* HPV prevalence STI clinic vs GP patients, x2 p B/0.01.
STI�/sexually transmitted infection, GP�/general practitioner,
Cx�/cervix, Va�/vagina, HPV�/agreement�/agreement in samples
with HPV in vagina and/or cervix, CI�/confidence interval.
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Table I). The overall agreement between HPV prevalence in
vaginal samples and in cervical samples was 94.5% (kappa�/
0.83, 95% CI 0.77 �/0.89); in the general population agreement reached 97.6%, compared with 90.0% for the STI clinic
population. The HPV prevalence in the cervix was slightly
higher than in the vagina (21.4% vs 18.6%, respectively). In
all but 1 positive case (CHA 135) at least 1 HPV type was
present in both sites (Table II). Multiple infections occurred
frequently, both in vagina (16 of 27 HPV positive women,
59%) and in cervix (18 of 31 HPV positive women, 58%).
The use of condoms was higher in the HPV positive group
than the HPV negative women (Fisher’s exact test, p B/0.01).
Practice of intimate hygiene (use of tampons, condoms etc.)
as a possible factor in HPV discordant samples did not give
significant results (Table III). Only self-reported recent
vaginal infections seemed to give more discordance (negative
in vagina, positive in cervix). However, because of the good
agreement, i.e. low number of discordant results, as well as
the low number of women with vaginal infections in this
study, the difference with respect to the presence of vaginal
infections did not reach significance (Fisher’s exact test,
p �/0.25). Finally, there was a difference in the self-report of
Table II. Type-specific prevalence of HPV in vagina and cervix
Pat. no.

HPV in Va

HPV in Cx

cha004
cha017
cha020
cha027
cha032
cha050
cha051
cha052
cha057
cha063
cha064
cha067
cha071
cha076
cha078
cha085
cha087
cha088
cha092
cha093
cha108
cha112
cha114
cha118
cha122
cha124
cha126
cha127
cha128
cha135
cha152
cha154
cha157

52
31
31
33�/58�/66
16
58
0
33�/58
0
0
16�/33�/35
58
0
33�/35�/58
45
16
45
18�/56
33�/35
31�/35
33�/35
16�/35�/59
18�/59
16�/18�/52
18�/31�/35
51�/56�/58
0
35�/45
35�/51
45
0
56�/66
16

52
31
31�/51
66
16
58
16
33�/58
31�/35
18�/45
33�/35
58
18�/66
35
45
16
45
18�/52�/56
33�/35
0
33�/35
16�/35�/59
18�/59
16�/18
31�/35
56�/58
58
0
33�/35�/51�/59
33�/35
31�/39
56�/66
16

Cx�/cervix, Va �/vagina.
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Table III. Practice of intimate hygiene as a possible factor in HPV discordant results

HPV in vagina and/or cervix

VA�//Cx�/
(n�/24)

%

Va�//CX�/
(n�/5)

%

Va�//Cx�/
(n�/2)

%

Tampons
Condoms
Vaginal shower
Lubricants
Vaginal cream
Spermicidal cream
Other intimate products
Antibiotics
Vaginal infections

9
18
4
3
2
0
1
3
7

37,5
75,0
16,7
12,5
8,3
0,0
4,2
12,5
29,2*

2
3
1
0
1
0
0
0
3

40,0
60,0
20,0
0,0
20,0
0,0
0,0
0,0
60,0*

1
2
0
1
0
0
0
0
0

50,0
100,0
0,0
50,0
0,0
0,0
0,0
0,0
0,0

Cx�/cervix, Va�/vagina.
* Fisher’s exact test, p�/0.25.

the number of d since last menstruation. Samples from
women who were HPV positive in the vagina and HPV
negative in the cervix were taken at an earlier stage in their
menstrual cycle (7 d, SD 1.4), compared to samples from all
other women (17.7 d, SD 9.2). However, the first group
consisted of only 2 women.

DISCUSSION
In this study we have shown in 2 populations at different
levels of risk for acquiring HPV infections that there is a very
high concordance between vaginal and cervical HPV prevalence when a polyurethane-tipped swab is used as a tool
for taking vaginal swabs by a professional. Sampling was
carried out by a professional as a means to standardize
sample taking. However, whether this standardization has an
impact on concordance is unclear. Only direct comparison of
self-sampled vaginal material and vaginal material obtained
by a professional can clarify this issue. This has not been
done, since it was not a primary aim of this study. The high
concordance found compares well with a number of studies
using various devices for self-sampling (5 �/9), although the
use of cotton-tipped swabs is less desirable (15). Condom use
was higher in the HPV positive group than in HPV negative
women. Condom use is generally associated with more risky
sexual activity, as is witnessed by significantly more frequent
condom use in the STI clinic population. Sex workers are at
higher risk for HPV as well as for other STI (16). On the
other hand, this finding is in line with the suggestion that
condom use does not protect against HPV infection (17).
Finally, the difference in HPV prevalence between the sex
workers and the general population found in this study is at
least partly due to the significantly different age of the 2
groups. It has been shown previously that HPV prevalence is
age related (18), and this is also the case in sex workers (19).
Of all possible factors investigated, only (self-reported)
vaginal infections seemed to give more discordance. Indeed,
it is possible that a vaginal infection speeds up the discharge
of (HPV-infected) cervical cells, thereby shortening the
period of time these cells are present in the vagina. However,

a larger number of women will need to be sampled to
substantiate this finding. We are currently performing a
larger-sized field study to validate the impact of vaginal
infection on cervical and vaginal concordance. There was
also a difference in the self-report of the number of d since
last menstruation. Samples from the 2 women who were
HPV positive in the vagina and HPV negative in the cervix
were taken at an earlier stage in their menstrual cycle
compared to samples from all other women. A recent study
has shown that there are strong fluctuations in the prevalence of HPV in the cervix during a single menstrual cycle,
with the highest rate of HPV positivity in the follicular phase
(7th to 11th d) (20). If the prevalence of HPV in the vagina
also fluctuates, this may have a serious impact on the efficacy
and guidelines of self-sampling. Further studies are necessary to investigate the optimal time for self-sampling during
the menstrual cycle.
Although the overall agreement in this study was high,
there was still better agreement between HPV prevalence in
vagina and in cervix in the low-risk GP population than in
the high-risk STI clinic population. This was not only caused
by a higher number of women negative in both cervix and
vagina in the low-risk population, but was also true for the
subgroup of HPV positive women (83.3% vs 71.4%). It
would seem, therefore, that screening by self-sampling is
more appropriate in low-risk populations. However, selfsampling is aimed to include women who presently do not
participate in screening, and this is by definition a population at higher risk for cervical cancer. The 90% concordance
we found in the high-risk population still suggests that selfsampling would be appropriate and feasible in such a
population.
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