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ABSTRACT

Objectives The assessment of the prevalence of
antibodies to human papillomaviruses (HPV) in the
healthy population is essential for effective planning of
HPV vaccine implementation into the preventive
programmes for HPV-associated diseases and for the
prospective monitoring of the impact of HPV vaccines in
the Czech population.

Methods The seropositivity for HPV-6, 11, 16, 18, 31
and 33 virus-like particles was determined in sera from
3150 healthy individuals (age range 6—76 years) by
means of enzyme-linked immunoassay.

Results The seroprevalences for HPV-6, 11, 16, 18, 31
and 33 were 23.8%, 15.2%, 14.5%, 9.9%, 16.4% and
9.6% in women and 18.4%, 13.7%, 6.5%, 5.4%, 6.1%
and 4.3% in men. For both genders, except for HPV11,
these rates were age dependent. The prevalence of
antibodies to HPV-16 and/or 18 reached the maximum of
27.0% in women 30—39 years of age and of 14.4% in
men 50—59 years of age. The highest proportion of
individuals” seropositive for any of the vaccine types
HPV-6/11/16/18 was in 30- to 39-year-old women
(50.0%) and in =60-year-old men (37.6%). Antibodies
specific for vaccine HPV types were detected in 18.0% of
children 6- to 14-year-old but in 26.4%, those older than
14 years.

Conclusions The data reveal age-specific differences in
the HPV seropositivity rates between healthy women
and men and support the implementation of HPV
vaccination in the Czech Republic before the age of 13.

INTRODUCTION

Cervical cancer is the third most common female
cancer worldwide with estimated 530 000 incident
cases and about 275000 deaths in 2008." There is
a substantial molecular, biological, epidemiological
and immunological evidence for the etiological role
of oncogenic (high-risk, HR) types of human
papillomaviruses (HPV) in the development of
cervical cancer and the respective precursor lesions.
HPV-16 and -18 are the most common oncogenic
types which account for approximately 70% of
cervical cancer cases worldwide.® The same HPV
types are also considered as a possible etiological
factor of other anogenital dysplasias and cancers,
that is, dysplasias and cancers of the vulva, vagina,
penis, anus and oropharynx.* Low-risk (LR) HPV
types, namely HPV-6 and -11, are involved in the
development of genital warts and recurrent respi-
ratory papillomatosis.” Nowadays, HPV infection is
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the most common sexually transmitted viral
infection in the developed countries; more than
50% of sexually active individuals are infected
during their lifetime. Following natural infection,
antibodies specific to HPV capsid proteins are
expanded; however, it is a slow process, which does
not necessarily occur in every woman.® It has been
shown recently that long-lasting high HPV-specific
antibody levels following natural infection are
associated with reduced risk of subsequent infec-
tion with concordant as well as with closely
phylogenetically related HPV type.”

The detection of HPV DNA in tissue samples is
a gold standard for the detection of infection;
however, the presence of viral DNA is often tran-
sient. The antibody response to HPV L1 virus-like
particles (VLPs) remains relatively stable over time
after clearance of infection, which predetermines it
to be a useful epidemiologic marker that reflects
cumulative exposure to HPV infection. Currently,
two prophylactic HPV vaccines are commercially
available, both containing antigens of the most
prevalent HR HPV types 16 and 18.° One, in
addition, contains also antigens of LR HPV types 6
and 11. Both vaccines were shown to be effective in
the protection against the development of diseases
caused by the vaccine and closely related HPV
types. The assessment of age-specific anti-HPV
antibody prevalence allows for estimating and
prospectively monitoring the impact of these
vaccines as well as for planning the implementation
of HPV vaccine into the cervical cancer prevention
programmes in individual countries.

The aim of the study was to determine the
prevalence of anti-HPV antibodies in the general
population of Czech women and men. This is the
first seroepidemiological study in the Czech
Republic to assess the prevalence of HPV antibodies
against four vaccine and two other closely related
HR HPV types—HPV-31 and 33—in a broad range
of ages of the Czech population.

METHODS

Study population

Serum samples originated from serological surveys
performed in the Czech Republic by the National
Institute of Public Health for multipurpose immu-
nological surveys carried out since 1971. Persons
enrolled in the survey were randomly selected in
cooperation with the regional and district public
health offices and general practitioners for adults,
adolescents and children. Blood samples were
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collected in various urban and rural populations from healthy
individuals 1—64 years old with no acute febrile disease and no
signs of immunodeficiency on the sampling day. Each practi-
tioner was provided by a list of blood samples to be taken by
gender and age of the subjects. All individuals enrolled signed an
informed consent form and in case of children, the informed
consent form was signed by parents. All sera were aliquoted,
registered in the Serum Bank of the National Institute of Public
Health and kept frozen at —20°C.° The set of samples analysed
in our study comprised sera collected in 1996 (# 539, age span
6—20 years) and 2001 (# 997, age span 9—64 years). In addition,
we included sera from anonymous blood donors sampled
between 1999 and 2005 (# 1614), mandatorily tested for the
presence of markers of infections transmitted by blood. All blood
donors recruited in the study donated the blood free of charge.
All subjects were divided based on gender and age. The differ-
ences in the prevalence of antibodies between various sets of
samples are given in table 1. There were no differences in the
prevalence of HPV-specific antibodies in between the two
cohorts of children 10—18 years old sampled in 1996 and 2001,
as well as between the group of blood donors and serological
survey 2001 in subjects up to 39 years of age when adjusted for
age and gender. In the older age groups (=40 years), differences
in the prevalence of HPV-specific antibodies for all tested anti-
gens in between blood donors and serological survey participants
has been found. Prevalences were two to three times higher in
the group of blood donors, but the slope of the curve of preva-
lence by age was the same. Children and young individuals were
categorised into 5-year age groups to provide conclusive evidence
for possible integration of HPV vaccination into the routine
vaccination schedule in the Czech Republic.

HPV serological test

The presence of antibodies specific to HPV was tested using an
in-house L1 VLP-based ELISA as described previously.'® ' HPV-6,
11, 16, 18, 31 and 33 VLPs were prepared in baculoviruses/insect
cells expression system. Plates were coated with purified VLPs,
blocked with bovine serum albumin and sera diluted 1:25 were
incubated in duplicate. Antibodies bound were detected with
donkey anti-human IgG, linked to horseradish peroxidise, the
reaction was visualised by o-phenylenediamine and optical
densities were read at 492 and 630 nm. Control sera known to be
positive and negative were tested on each plate. The optical
density cut-off (CO) value was calculated separately for each
antigen/plate. Each ELISA result was presented as a ratio
between the absorbance of the sample and the respective CO
value (OD index). To confirm the results, samples within 10%
above the CO value as well as about one-quarter of all serum

samples were retested. Only samples with repeated positive
results were considered reactive.

Statistical analysis

Statistical calculations were performed using CDC Epilnfo TM
software (V.3.5.1) and GraphPad Instat software (V.3.00). Test
comparing the two groups was based on normal approximation
of binomial distribution. The ¥ test with Yates’ correction or
Fisher’s exact test was used to calculate ORs and 95% Cls. The
trend in seropositive rates across age categories was calculated
by %2 for trend. p Values were two tailed, with p<0.05 consid-
ered statistically significant. In order to exclude the differences in
age structure between the group of men and women, we used
direct standardisation (WHO European standard).'?

RESULTS
The overall prevalence of antibodies to HPV types 6, 11, 16, 18,
31 and 33 in 3150 subjects (age range 6—7/6 years) were 21.2%,
14.5%, 10.6%, 7.7%, 11.4% and 7.0%, respectively. There were
25.8% seropositives for HPV-6 and/or 11, 15.0% for HPV-16 and/
or 18, 33.6% for any of the four vaccine types, 22.5% for any of
the four HR HPV and 38.7% for any HPV type tested. The
differences in the seropositivity rates between men and women
are shown in table 2. In comparison to men, women had higher
prevalence of antibodies specific for all antigens except for HPV-
11 VLDs. The differences were also found in case of seropreva-
lences of multiple HPV types in various combinations. All
differences remained significant after standardisation for the
WHO European age standard. The differences were more
pronounced in the case of antibodies against HR HPV types.

The seroprevalence rates of antibodies specific to all HPV
types tested were age dependent. The rate of seropositive
women increased with age, peaking in the age group
25—29 years for HPV-6 (32.0%), HPV-11 (19.7%) and HPV-16
(21.2%), in the age group 30—39 years for HPV-31 (23%) and
HPV-33 (15.3%) and in the age group 50—59 years for HPV-18
(16.7%). In men, the prevalence of antibodies reached the peak
rates of 8.6% for HPV-33 in 25—29-year-olds, 18.0% for HPV-11
in 30—39-year-olds, 9.6% for HPV-16, 6.9% for HPV-18 and 8.3%
for HPV-31 in the age group 40—49 years and 31.8% for HPV-6
in subjects older than 59 years. The age-specific shifts in the
seroprevalence rates were less marked in men, mainly in the case
of antibodies to HR HPV types. The prevalence rates of anti-
bodies to all antigens tested, except for HPV-11 (in both sexes),
had a significant linear trend across all age categories.

The seropositivity rates of antibodies to HPV vaccine types
(HPV-6, 11, 16 and 18) in women reached 27.0% for HPV-16
and/or 18 and 50.0% for any of the four vaccine types at the age

Table 1 The differences in prevalences of HPV-specific antibodies between populations from serological surveys performed in 1996 and 2001 and
between serological survey 2001 and blood donors

Age

9—19 years (N=539)* 19—39 years (N=1419)1 240 years (N=969)t

OR (95% CI p Value OR (95% CI) p Value OR (95% CI p Value
HPV-6 1.6 (0.9 to 2.8) 0.084 0.8 (0.6 to 1.0) 0.045 0.3 (0.2 to 0.5) >0.0001
HPV-11 1.5 (0.9 to 2.6) 0.140 1.1 (0.8 to 1.6) 0.388 0.4 (0.3 to 0.6) >0.0001
HPV-16 1.7 (0.7 to 3.9) 0.216 0.9 (0.6 to 1.2) 0.388 0.4 (0.2 to 0.6) >0.0001
HPV-18 1.1 (0.5 to 2.5) 0.877 0.8 (0.5 to 1.2) 0.225 0.2 (0.1 to 0.4) >0.0001
HPV-31 2.1 (1.0 to 4.6) 0.066 0.7 (0.5 to 1.0) 0.055 0.2 (0.1 to 0.4) >0.0001
HPV-33 0.9 (0.4 to 2.3) 0.811 0.6 (0.4 to 1.0) 0.040 0.3 (0.2 to 0.6) >0.0001

Adjusted for age and gender.
*Comparison of samples from serological survey performed in 1996 and 2001.
tComparison of samples from blood donors and serological survey 2001.
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Table 2 Seroprevalence rates for single and multiple human papillomavirus (HPV) types in women and men

Women (total =1632)

Men (total =1518)

Antigen no. (%) of positive no. (%) of positive OR (95% CI) p Value p Value*
HPV-6 VLP 389 (23.8) 279 (18.4) 14 (1.2t0 1.7) <0.001 0.008
HPV-11 VLP 248 (15.2) 208 (13.7) 1.1 (0.9 to 1.4) 0.254 0.251
HPV-16 VLP 236 (14.5) 99 (6.5) 2.4 (1.9 to 3.1) <0.001 0.012
HPV-18 VLP 162 (9.9) 82 (5.4) 1.9 (1.5 to 2.5) <0.001 <0.001
HPV-31 VLP 267 (16.4) 92 (6.1) 3.0(2.4 t0 3.9) <0.001 <0.001
HPV-33 VLP 156 (9.6) 65 (4.3) 2.4 (1.8 t0 3.2) <0.001 <0.001
HPV-16 and/or 18 VLPs 323 (19.8) 150 (9.9) 2.3 (1.8 to 2.8) <0.001 <0.001
HPV-6 and/or 11 and/or 16 and/or 18 610 (37.4) 433 (28.5) 15(1.31t0 1.7) <0.001 <0.001
VLPs

HPV-16 and 18 VLPs 75 (4.6) 31 (2.0 2.3 (1.5 to 3.5) <0.001 <0.001
HPV-6 and 11 VLPs 182 (11.2) 144 (9.51) 1.2 (1.0 to 1.5) 0.140 <0.001
HPV-6 and 11 and 16 and 18 VLPs 28 (1.7) 11 (0.7) 3.4 (1.2 to 4.8) 0.019 <0.001
Any HR HPV VLPs 489 (30.0) 220 (14.5) 2.5 (2.1 to 3.0) <0.001 <0.001
Any LR HPV VLPs 460 (28.2) 354 (23.3) 1.3 (1.1t0 1.5) 0.002 <0.001
Any HPV VLPs 732 (44.9) 496 (32.7) 1.7 (1510 1.9) <0.001 <0.001

*p Value after standardisation on WHO European standard.
HR, high risk; LR, low risk; VLP, virus-like particle.

of 30—39. The seroprevalences for HPV-16 and/or 18 in men
were increasing to 14.4% in 50—59-year-olds and for any of the
four vaccine types to 37.6% in the oldest age group. The pres-
ence of antibodies to LR HPV-6 and/or HPV-11 was found in
28.2% of women, reaching a peak of 39.2% in the age group
30—39 years, and in 23.3% of men, peaking with 31.8% in the
oldest age group.

Seropositivity to any of the six HPV antigens tested was
found in 44.9% of women and 32.7% of men, with the respective
peaks of 59.9% in the age group 30—39 years and 42.4% in over
59-year-olds. As in the case of individual antigens, p for trend in
the combined seroprevalences across all age categories was
statistically significant. Table 2 summarises the seroprevalence
rates to multiple HPV types included in the currently available
HPV vaccines and all HPV types tested in both women and men.

The presence of HPV-specific antibodies was detected in
16.5% (25/151) of children 6—9 years old. Mostly, the seroposi-
tivity for HPV-6 and/or 11 (13.9%) was observed. Five (3.3%) of
these 6—9-year-old children possessed antibodies to HR HPV

types.

DISCUSSION

This study is the largest (3150 subjects) population-based
seroepidemiological study of the cross-sectional prevalence of
antibodies to HPV performed in Central and Eastern Europe. To
our knowledge, the only report on the HPV seroprevalence in
this region are the study of Gorander er al/'® analysing the
seroprevalence of five HR HPV types in 199 blood donors in
Katowice, Poland, and our study from 1998 on the seropre-
valence of HPV-1 and three HR HPV types in 450 serum samples
from healthy subjects. Furthermore, to our knowledge, this is
one of the two studies published to date showing the prevalence
of antibodies specific for LR HPV-6 and -11 VLPs in children
<10 years of age.

We have found high prevalence of antibodies to LR HPV types
in children that reflects significant scale of non-sexual trans-
mission in this population. Similar results were obtained in our
previous study'® on substantially smaller cohort of subjects
using type-common synthetic peptide derived from L2 protein
of both HPV-6 and -11. In children aged 6—9 years, the sero-
prevalence rates were 11.3% for HPV-6 and 10.6% for HPV-11.
The seroprevalence for HR HPV types in this group of children
was low comparable to our previous results and to those

Sex Transm Infect 2013;89:133—137. doi:10.1136/sextrans-2012-050486

reported by others.’® ' The detailed analysis of the seroposi-
tivities in 1-year cohorts revealed in 11-, 12- and 13-years-old
girls marked increase for HPV-6/HPV-11 from 6.1% to 16.7% and
25.9% and for HPV-16/HPV-18 from 0.0% to 6.7% and 14.8%. In
the same age cohorts of boys, there were 13.3%, 17.1% and
21.3% HPV-6/11 seropositive, the seroprevalence for HPV-16/18
was low, with no clear trend. Though the main route of genital
HPV transmission is sexual contact, markers of HPV infection
have also been found in virgins (mostly for LR HPV, data not
shown) and several studies suggest that the infection may be
transmitted from mother to newborn before or during delivery
and may persist for several years.'” It has also been shown that
HPV infections in children might be acquired horizontally.'®

This study has several limitations. As serum specimens
analysed were originally collected in a scope of immunological
surveys organised in the Czech Republic, the only information
about age and sex was available. The same was true for blood
samples from blood donors included in our study. Therefore, no
demographic/behavioural data as well as information about
previous/current HPV infection and diseases associated with
HPV, except for malignancies, were available for the analyses.
Last but not least, the method we used in this study detects
both neutralising and non-neutralising antibodies.

There are several factors affecting seroprevalence in the
population: selection of the study cohort, demographic charac-
teristics of the subjects enrolled such as the place of residence—
urban versus rural—and the test used for the detection of anti-
bodies. The last but not least factor is the assignment of the CO
value above which the samples are considered reactive. There-
fore, the comparison of the data across studies is difficult and
should be made with caution. Nowadays, several assays are used
for the detection of anti-HPV antibodies. Each of the assays
measuring serum antibodies to VLP detects an overlapping but
distinct set of antibody responses.'” The assay currently
considered the gold standard for the assessment of HPV-
neutralising antibodies is an in vitro neutralisation assay. Specific
neutralising antibodies prevent the infectious pseudovirions to
enter the target cell.”” However, this assay is time consuming
and not suitable for large clinical studies. The direct ELISA test
with purified VLPs as antigens used in this study identifies
neutralising and non-neutralising polyclonal antibodies, directed
to various antigenic epitopes on the surface of VLP” ' Two
other methods, multiplexed immunoassays, are based on
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antigens bound on Luminex microspheres—a competitive test
with VLPs as antigen®” and a direct test with bacterially
expressed L1 proteins/capsomeres.”

In agreement with other studies,**2® we have found higher
prevalence of HPV antibodies among women than among men
for any of the HPV types tested. This observation is in contra-
diction with the reported higher prevalence of HPV DNA in men
than in women.?” ?® The lower prevalence of HPV-specific
antibodies in men most likely reflects the differences in the site
of HPV infection resulting in the difference in the immune
response to HPV infection between genders. While in women,
the infection occurs in the mucosal epithelium and the anatomy
of the site of infection might contribute to long-term persistence
of the virus, in men, the site of virus entry is probably
the external keratinised tissue that is immunologically less
prominent.

The seroprevalence rates for HPV-specific capsid antigens are
age dependent. In women, the rate of seropositives peaked
mainly in the age category of 30—39 years. The peak of preva-
lence of HPV-specific antibodies in men was observed later than
in women—in the age group 40—49 years. Similar observations
of the maximal seroprevalence shift among women and men
were reported by others?* ?° The growing seropositivity in
young individuals probably reflects repeated HPV infection early
after the onset of sexual life. The rapid HPV acquisition after the
sexual debut has been demonstrated in several prospective
studies.”” 3° The decline in seropositivity in older age groups
might be explained by a cohort effect, as older subjects had
fewer lifetime sexual partners compared with younger ones.
Non-negligible may be the difference between sexual behaviour
of older rural and urban populations. Furthermore, also the
effect of immune senescence in older age is to be considered.

The seroprevalence rates for any of four HPV vaccine types
reached in women maximum in the age group of 30—39 years
and in men in over 50-year-olds. Antibodies to HPV-16 and/or
HPV-18 possessed 18.8% of women and 9.8% of men. The
prevalence of antibodies to both HPV-16 and HPV-18 was rare in
both genders. These findings are similar to the data reported
in recent Australian and American studies on the healthy
population,?* ?° using competitive multiplexed assay, even
though the rates of seropositives were lower. The differences
in seroprevalence rates might be explained by different methods
used.

We conclude that in order to prevent the diseases aetiologi-
cally linked with the vaccine HPV types, the routine vaccination
against HPV in the Czech Republic should be implemented in
girls under 18 years of age. Despite the increasing prevalence of
antibodies to the HR HPV vaccine types in women over 15 years

» The high prevalence of antibodies to low-risk HPV types in
children suggests non-sexual transmission.

» Standardised prevalence of HPV antibodies differ between
females and males.

» The prevalences of antibodies for various HPV types for both
genders are age dependent.

» An increase of seropositives in group of 11 to 20-year-old girls
supports the implementation of routine vaccination in age of
1113 years.
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of age, the catch-up vaccination of older/sexually active women
will also be beneficial since simultaneous presence of antibodies
specific to all vaccination types is rare.
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