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Persistent infection with oncogenic human papillomavirus (HPV) is a neces-
sary cause of cervical cancer. Moreover, HPV type 16 (and to a lesser degree
HPV type 18) is linked with more rare cancers, namely cancer of the vulva,
vagina, penis, anus, oropharynx and larynx. Effective prophylactic vaccines
have been developed. In this review, we briefly address immunological aspects

of HPV infection and the results of HPV vaccination trials. Internationally
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Immunity against human papillomaviruses

Humoral immunity

Human papillomavirus (HPV) infection is restricted to epi-
thelial cells; therefore presentation of viral antigens to the
host immune system is limited. Natural HPV infection of the
genital tract gives rise to a slow and modest but measurable
serum antibody response in most but not all infected indi-
viduals [1,2]. The intensity of the antibody response depends
on viral load and persistence [3]. The presence of HPV anti-
bodies is long-lasting, but does not contribute to the clear-
ance of established infections [4]. HPV serology is an
important tool in epidemiological studies to assess past
exposure [5-8].

The capsid of papillomaviruses is composed of two viral
proteins: the major capsid protein, or L1, and the minor
capsid protein, or L2 [9]. Virus-neutralizing anti-L1 anti-
bodies are essentially type-specific [2,10,11]. The L2 protein
is situated more internally of the capsid, but a small segment
is exposed at the surface and can also be recognized by virus-
neutralizing antibodies [12-14]. These anti-L2-antibodies
are less potent than anti-L1 antibodies [12,14,15], but they
appear to show some cross-reactivity to heterologous HPV
types [16,17].
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The discovery that the L1 capsid protein could be
expressed in eukaryotic cells and could self-assemble into
so-called virus-like particles (VLPs) was a critical step in the
development of HPV vaccines [18]. Correct conformation of
the capsid proteins is necessary to elicit protective antibodies
[19]. Denaturation or improper folding of the L1 protein
alters the presentation of epitopes, resulting in that mainly
unprotective antibodies are induced. HPV L1 VLPs contain
the same conformationally dependent neutralizing epitopes
that are present on infectious viruses. Essentially, all neutral-
izing antibodies against HPV16 can be blocked using a
monoclonal antibody designated HPV16.V5 [20]. This anti-
body recognizes a surface-exposed loop called the FG loop,
with an adjacent loop (the HI loop) contributing to main-
taining correct conformation of the FG loop [21]. Although
the region recognized by HPV16.V5 appears to be essential
for neutralization, deletion of the HPV16.V5 contact resi-
dues affects the binding of immune sera only marginally,
indicating the presence of several different neutralizing
epitopes in the region [22].

Cellular immunity

Clearance of a naturally acquired HPV infection is triggered
by a specific cell-mediated immune (CMI) response
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(reviewed in [23]. Dendritic cells or Langerhans cells, present
in the cervical epithelium, play an important role in recog-
nizing HPV-infected cells and stimulating T helper 1 (Thl)
cells, which elicits the production of cytotoxic T lymphocytes
(CTL) [24]. These cytotoxic effector cells attack infected cells,
resulting in resolution of the infection [25]. However, little is
known about how to modulate these immune responses.

HPV vaccination

Prophylactic vaccination

Vaccination with VLPs gives rise to virus-neutralizing anti-
bodies in serum. Vaccination by intramuscular injection of
L1 VLPs has been shown to be highly immunogenic and
well-tolerated in Phase I trials. Three randomized placebo-
controlled Phase II trials with, respectively, a monovalent
HPV16 vaccine, a bivalent HV16/18 vaccine and a quadriva-
lent HPV6/11/16/18 vaccine candidate, have demonstrated
consistently almost complete protection against persistent
infection with the targeted HPV types [26—30]. Moreover,
these trials confirmed the safety of the vaccines and showed
strong immunoresponses that were several orders of magni-
tude higher than those observed after natural infections. The
characteristics and the main reported results of these studies
have been summarized previously [31].

Two pharmaceutical companies [Merck Sharp & Dohme
(MSD) and GlaxoSmithKline (GSK)] are currently conduct-
ing large multi-centre Phase III vaccine trials in all conti-
nents except Africa [32]. In addition, the National Cancer
Institute (USA) is conducting a population-based trial in
Costa Rica. All these Phase III trials aim to demonstrate that
vaccines protect against histologically confirmed high-grade
cervical intraepithelial neoplasia (CIN) associated with the
targeted HPV types.

Therapeutic HPV vaccines

Development and maintenance of cervical precursors and
their progression to invasive cancer requires the continued
intracellular expression of the viral oncoproteins of E6 and
E7 [33,34]; therefore, therapeutic vaccines have aimed at
stimulating T cell responses against these viral early
oncogenes. Currently, different methods and formats of
therapeutic vaccines such as administration of peptide
antigens or recombinant proteins, plasmid DNA vaccines,
viral vector vaccines and administration of E7-pulsed den-
dritic cells are being evaluated [35]. These vaccines have been
variably immunogenic, and there has often been no correla-
tion with clinical outcomes [25].

The addition of early antigens (E6 or E7 in particular) to
the L1 virus-like particle (VLP) vaccines is also being inves-
tigated to determine if a cell-mediated immune response
could be elicited along with the antibody response to the L1
VLP component [17]. If so, this would open the way
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to development of chimeric vaccines with a therapeutic
component included for combined use in treatment and
prophylaxis [36,37].

Licensure of VLP vaccines

On 8 June 2006, the US Food and Drug Administration
(FDA) approved Gardasil®, the quadrivalent vaccine, devel-
oped by MSD, containing VLP L1 of HPV types 6, 11, 16 and
18, for use in females 9-26 years of age (press release P06-77,
8 June 2006, FDA News; available at: http://www.fda.org).
The FDA recognized the indications of protection against
cervical cancer, genital warts (condyloma acuminata), cervi-
cal adenocarcinoma in situ, CIN (grades 2, 3 and 1), vulvar
intraepithelial neoplasia (grades 2 and 3) and vaginal
intraepithelial neoplasia (grades 2 and 3) caused by the
vaccine types. The FDA press release stated that the vaccine is
effective if administered prior to HPV infection.

The Advisory Committee for Immunization Practices
(ACIP) recommended routine vaccination of girls aged
11-12 years, but also allowed the administration of the
vaccine to girls aged 9 or 10 years and girls and young
women aged 13-26 years (available at: http://www.cdc.gov/
nip/vaccine/hpv/).

On 27 July 2006, the Committee for Medicinal Products
for Human Use (CHMP) of the European Medicine Agency
(EMEA) adopted a positive opinion, recommending to grant
a marketing authorization of Gardasil for the prevention of
high-grade cervical dysplasia (CIN 2/3), cervical carcinoma,
high-grade vulvar dysplastic lesions (VIN 2/3) and external
genital warts (press release doc.ref. EMEA/CHMP/274938/
2006, available at: http://www.emea.eu.int/pdfs/human/
opinion/Gardasil27493806.pdf). On 20 September 2006,
EMEA has provided the official authorization for marketing
of the vaccine in the European Union, specifying that its use
should be in accordance with official recommendations.

An application has also been filed with the EMEA for
licensure of Cervarix (the bivalent VLP L1 HPV16/18
vaccine manufactured by GSK).

Current HPV vaccination issues

Vaccination against non-oncogenic HPV

HPV types 6 and 11 jointly cause approximately 90% of
genital warts [38]. These types also cause some of the low-
grade dysplastic cervical lesions. Moreover, in rare circum-
stances HPV types 6 and 11 can cause serious disease. HPV6,
and in particular HPV11, are the major causes of recurrent
respiratory papillomatosis, a severe disease that may be fatal.
So-called giant condylomas or Buschke-Léwenstein tu-
mours of the vulva, penis and anus are also associated with
these HPV types [39]. These tumours rarely metastasize, but
may sometimes be fatal. The vaccine manufactured by Merck
contains L1 VLPs of both HPV 6 and HPV 11. High clinical
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and statistically significant protection was confirmed in
Phase III trials (press release P06-77, 8 June 2006, FDA News;
available at: http://www.fda.org).

Intermediate end-points

Prevention of cervical cancer is the most important expected
clinical benefit if HPV vaccination. Trials have used surro-
gate end-points because cancer develops slowly and cancer as
an end-point requires unrealistically large and lengthy
studies, and state-of-the-art clinical management requires
that premalignant lesions are treated immediately, making
cancer both unfeasible and unethical as end-point in a clini-
cal trial setting [40]. Protection against infection seems to be
an obvious end-point for an infectious disease. However,
HPV infection is extremely common, with a majority of the
entire female population having experienced HPV infection
at some point in their lives, but with most infections resolv-
ing spontaneously. Because HPV-induced cancer occurs in
only a small proportion of exposed individuals, estimates of
vaccine efficacy against infection cannot be extrapolated to
be valid against cancer.

A World Health Organization (WHO) expert group con-
sensus report proposed histologically confirmed high-grade
CIN or worse (i.e. including cervical cancer) associated with
one of the target vaccine types as an acceptable surrogate
end-point for Phase 3 vaccination trials [40]. Type-specific
persistence of infection, defined as the presence of the same
HPV type at two or more consecutive visits separated by
6-12 months, is another interesting outcome measure that is
a later and thus more informative end-point than protection
against any infection [41].

Duration and consistency of the antibody response to
VLPs

Type-specific L1 VLP-antibodies reach maximum titres at
month 7, i.e. 1 month after administration of the third dose.
Titres decline until month 24 and remain stable thereafter
[28,42]. At 3 years, antibody titres remain two- to 20-fold
higher than in placebo controls [42]. Complete protection
against HPV16-associated CIN lesions was observed over the
whole follow-up duration of two Phase IIb trials: 48 months
for the monovalent HPV16 vaccine and 53 months for the
bivalent HPV16/18 vaccine [26,27].

Optimal target age range for vaccination

The incidence of HPV infection is very high among sexually
active women [43—45]. Therefore, vaccination before initia-
tion of sexual contacts is the safest strategy for complete
protection. However, vaccination programmes targeting
12-year-olds will, compared to programmes targeting
15-year-olds, delay the cancer prevention gains by 3 years
[46]. The highest HPV incidences are between 16 and
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20 years of age, with a peak incidence at 18 years [46].
‘Catch-up’ vaccination programmes that target the age
groups that are spreading the infection most actively will
contribute to effective infection control. Large cancer-
preventive gains are expected from catch-up vaccination up
to 18 years of age and diminishing, but noteworthy gains are
still seen up to 24 years of age [44].

In the vaccination trials, women who were vaccine-type
HPV DNA- or seropositive at enrolment or who became
HPV DNA-positive during the vaccination period were not
part of the per-protocol population. Preliminary analysis of
the large Phase III trial with the quadrivalent vaccine
observed that protection against HPV16/18-associated
CIN2* was absent among women who were baseline HPV
DNA-positive and sero-positive for HPV16 or 18 and was
strongly reduced (efficacy of 31-2; 95% CI: < 0-54-9%) for
women who were HPV DNA-positive but seronegative at the
time of vaccination [see GARDASIL (Human Papillomavi-
rus [types 6, 11, 16, 18] Recombinant Vaccine, Vaccines
and Related Biological Products Advisory Committee
(VRBPAC); briefing document’, available at http://www.fda.
gov]. These data suggest a potential utility of testing for the
HPV DNA and antibody status before vaccinating older
women who have already initiated sexual contacts.

Immunization of males

Immunization of boys with VLPs elicits a serum immune
response similar to that in girls. Because genital HPV
infection is sexually transmitted, immunization of men may
help to prevent infection of women. Modelling studies on
herd immunity, i.e. indirect protection of those who remain
susceptible, owing to a reduced prevalence of infections in
the risk group for disease, have been published [47-49]. The
utility of immunization of males depends on the assumed
population coverage of vaccination, with successively smaller
additional benefits seen in scenarios with high population
coverage [50].

Vaccination programme strategies as a randomized
health care policy

Design of HPV vaccination programmes will need to be
based on estimations of the impact of HPV vaccination on
the burden of cervical cancer incidence and mortality using
mathematical modelling of projected effects from the
observed surrogate endpoint effects [46,50,51]. For pro-
gramme design issues that are ambiguous, notably which
age groups should be targeted age and whether vaccination
of males is required, randomization of vaccination pro-
grammes is an interesting option. That the incidence
of cervical and other HPV-associated cancers does eventu-
ally decrease in vaccinated populations should then be
verified by monitoring prevalence of HPV infection and
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Table 1. Cumulative proportion of cervical cancers in Europe that are attributed to a ranked combination of human papilloma virus (HPV) types and
the number of cervical cancers occurring each year expected to be caused by these types. According to recent estimates, 51 000 cases of cervical cancer
occur yearly [59]. Sixty-five per cent, or 33 400 of cancer cases, are attributed to HPV16; 71-5% (or 6-1% more) can be attributed to HPV16 or HPV18.
Almost 88% of cervical cancers are attributed to one of eight HPV types. Adapted from Munoz et al. [57] and Arbyn et al. [59].

Number of annual cases prevented in Europe

HPV types prevented Proportion of cervical cancers prevented (rounded to hundreds)

16 65-4% 33 400
16 +18 71-:5% 36 500
16 +18 + 33 77-1% 39 300
16 +18 +33 + 31 81-2% 41 400
16+ 18+ 33 +31 +45 84-1% 42 900
16 +18 +33 +31+45+56 85:6% 43 700
16 +18 +33+31+45+56+35 86:8% 44 300
16+ 18+33+31+45+56+35+52 87:8% 44 800
All HPV 100% 51 000

incidences of HPV-associated diseases by registry-based
follow-up [52-55].

HPV types

Antibody responses elicited by VLP immunization are spe-
cific for the individual HPV type, with limited cross-
neutralization even for closely related HPV types. There are
13-18 different HPV types that have been proposed as onco-
genic [39,56]. Although it would be technically feasible to
add additional VLPs to the second-generation HPV vaccines,
there is probably a limit for how large amounts of antigen
can be included in combined vaccines without risking dete-
riorating responses against the major oncogenic HPV type,
HPV1e.

Table 1 shows the cumulative proportion of the main
HPV types present in cervical cancer, estimated for Europe
from studies conducted by the International Agency for
Research on Cancer (IARC) [55]. Approximately 51 000 new
cases of cervical cancer occur yearly in Europe [58,59]. Thus,
by complete vaccination with a 100% effective HPV16
vaccine, 33 400 incident cases of cervical cancer could be
avoided. An HPV16/18 vaccine could potentially avoid
36 500 cases per year (71:5%) and an octavalent vaccine
could potentially reduce the incidence with 88%. This simple
calculation assumes absence of ‘type replacement’ or cross-
protection which, respectively, should decrease or increase
vaccine efficacy.

Type replacement — what is meant and is it likely?

There is a theoretical concern that eradication of some HPV
types will cause post-vaccination emergence of disease caused
by types not included in the vaccine: ‘type replacement.
Type replacement is a viral population dynamics phenom-
enon and is defined as elimination of some types, causing an
increase in the incidence of other types. This effect can occur
only if two conditions apply: (1) there exists partial compe-
tition of different types during natural infection and (2) the

vaccine does not afford cross-protection against types natu-
rally competed against [60].

Several epidemiological studies have addressed the ques-
tion of possible competition between infection with different
HPV types. The presence of type-specific antibodies (a
marker of past or present infection) for one HPV type is
associated with a strongly increased risk for also being serop-
ositive for other HPV types, also when adjusted for determi-
nants of sexual behaviour. For example, the OR for being
seropositive for HPV16/18/33 is 29 (95% CI: 1-6-5-3) if a
woman is seropositive for HPV6/11, even when the risk is
adjusted for sexual behaviour and other sexually transmitted
infections [61]. This is the opposite tendency to the expected
finding, had there been competition.

Furthermore, studies of multiple positivities of HPV DNA
in the same samples have, in general, not found clear examples
of types of HPV DNA that do not go together, as would have
been expected had there been competition [62]. If anything,
past infection with HPV appears to increase the likelihood to
acquire a new infection. For example, Mendez et al. [63]
reported on a cohort study where baseline HPV6/11 DNA
positivity was associated with a 14-1-fold (95% CI 2-1-95-4)
increased risk for incident infection with HPV18 at subse-
quent visits, where baseline HPV16/18 DNA was associated
with a 5-7-fold (95% CI: 2-:2-15-1) risk for HPV58 acquisition
and no statistically significant decreased HPV incidences.

Viral dynamics could also be affected if the duration of
infectivity is affected, i.e. if prior infection with one HPV
type would affect the time it takes to clear infection with
another HPV type. In a population-based cohort study of
> 6000 women, baseline HPV seropositivity did not affect
the clearance rate of other HPV types [64].

Thus, it seems that the first prerequisite for type
replacement — natural competition — does not apply and
that type replacement is therefore unlikely. However, it
should be pointed out that most of the studies that have
investigated viral type competition effects on incidence
and/or clearance have had limited statistical power to detect
small effects, particularly for rare HPV types.
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Although it is not yet clear if there will be any cross-
protection of the VLP vaccines, there are preliminary data
from a trial vaccinating with an HPV16/18 VLP vaccine,
where cross-protection was seen for related HPV types
[94:2% (95% CI: 63-3-99-9%) protection against HPV45
and 54-5% (95% CI: 11-5-77-7%) protection against HPV31,
respectively] [26] further decreasing the likelihood for
replacement phenomena.

Viral escape mutants

Apart from the risk of changes in population dynamics of
already existing types, the possibility exists that viral escape
mutants forming new serotypes could occur. However, the
fact that HPV replicates using the cellular DNA poly-
merases and thus has a very slow mutation rate suggests
that this risk is low. This is also indicated by the fact that so
far all different viral strains and variants of HPV16 from all
over the world have been found to constitute a single sero-
type [65].

Attributable proportion/number of healthy women
at risk

Because many women will be saved from cervical cancer
caused by HPV16/18 by vaccination, the amount of healthy
women who will be at risk for cervical cancer caused by other
HPV types will increase. The proportion of cases prevented if
an HPV type is eliminated is therefore not exactly the same
as the proportion of positive cases but is given by S¥1/1-RR,
where S is the proportion of positive cases and RR is the
relative risk. When HPV-related relative risks for cancer are
increased about 100-fold, this effect is so small that it is
usually ignored. However, for specific rare ‘oncogenic’ HPV
types, the relative risks are not so high when compared to a
reference category of all women without that specific HPV
type. Consideration of attributable proportions is therefore
of particular relevance when discussing benefits and caveats
of including additional HPV types in second-generation
HPV vaccines.

Monitoring of HPV vaccination programmes

HPV differs from most other vaccine-preventable diseases in
that the major diseases to be prevented occur many decades
after infection. Whereas the clinical research setting has pro-
vided approved vaccines that prevent infection and early
clinical disease such as condylomas and CIN, it will be up to
the surveillance setting to provide data that the expected
cancer prevention gains will materialize as they should if
there is appropriate population coverage and provided that
type replacement or escape mutants do not occur. Other
important tasks for the HPV surveillance include monitor-
ing of long-term safety and actual effects on health care cost
consumption.
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As different countries will have different priorities, health
care infrastructure and differences in their HPV epidemiol-
ogy the HPV vaccination strategies chosen are likely to differ
considerably. It would be particularly important to evaluate
HPV vaccination programmes with regard to whether they
result in an effective control of the infection, as inadequate
control of infection will result in inadequate cancer control a
few decades later.

What should be monitored?

Levels of protective antibodies in vaccinated subjects

As has been mentioned, the initial decline of the levels of HPV
antibodies has levelled off and appears to be stable after
5 years. It is not known whether waning of HPV antibody
levels in the long term will necessitate a vaccine booster
(either as a general recommendation or directed to those who
have developed insufficient levels). Because there have so far
been almost no cases of vaccination failure, it has not been
possible to define the minimum level of antibody levels that is
required for protection. If a reliable immunological correlate
of protection can be identified, this will help not only in
assessing the requirement for booster vaccinations, it will also
greatly facilitate evaluation of second-generation vaccines.

Population coverage of HPV vaccination

Many countries are likely to implement identifiable HPV
vaccination registries to facilitate evaluation. If this is
not conducted, the option exists to perform sero-
epidemiological surveys to establish the vaccine-induced
level of immunity in the population.

HPV DNA prevalences in sexually active
teenage populations

As HPV incidences are very high, the effect of a successful
HPV vaccination programme should be possible to measure
rapidly by sentinel sampling in sexually active teenage
populations. As it is particularly important to reach the most
active populations when evaluating control of infection,
strategies with sampling in clinics offering sexual counselling
to the youth may be preferable to sampling in secondary
schools. The outcomes to be measured include both whether
there is efficient control of HPV types included in the vac-
cines and whether the prevalence of non-vaccine HPV types
is stable.

Condyloma incidence

England and Wales implemented registration of condylomas
in the 1970s, but surveillance of condylomas has been absent
in other countries. Consequently, the epidemiology and
public health burden of condylomas is not well known.
However, symptomatic condylomas appear to be common

© 2007 British Society for Immunology, Clinical and Experimental Immunology, 148: 199-207 203




TRANSLATIONAL MINI-REVIEW SERIES ON VACCINES

and the age-specific incidence curve of first-attack condy-
loma appears to be somewhat similar to the Chlamydia
incidence. As the incubation time from exposure to clinical
condyloma is between 3 and 12 months, and because some
90% of condylomas are caused by HPV types included in the
quadrivalent HPV vaccine, the disappearance of condylomas
from the sexually active youth population is expected to be
the first clinical outcome of HPV vaccination programmes.
If condylomas do not disappear, this will be a very early
clinically noticed warning that the control of HPV infection
is not adequate in the condyloma outbreak region and will
necessitate investigation of possible reasons for this (such as
insufficient population coverage, type replacement, waning
immunity or problems in quality of the vaccination).

Cervical screening results

For Europe, the proportion of low-grade cervical dysplasia
attributable to HPV vaccine types has been estimated at 24%
and the proportion of high-grade cervical dysplasia, 57%
[66]. With incubation times from 1 to 4 years, effective
control of HPV should result in a significant decline in the
burden of screen-detected precursor lesions requiring
follow-up and treatment at medium-term follow-up.

For informative monitoring of whether or not remaining
screen-detected lesions are attributable to HPV vaccine
types, HPV typing of lesions will be required. In the case of
low-grade lesions, the fact that triaging of borderline lesions
(i.e. HPV testing with atypical squamous cells of uncertain
significance (ASCUS) and referral only of those positive for
oncogenic HPV) is now a recommended standard of care
[67] may result in that informative HPV-type data for sur-
veillance can be obtained from local laboratories performing
HPV testing as a part of the screening programme. A pre-
requisite for this to happen is, of course, that HPV tests that
include HPV typing are used.

For high-grade lesions, HPV typing of a random sub-
sample of lesions is likely to be required. The fact that
liquid-based cytology is gradually replacing conventional
cytology is likely to simplify the issue, as the remaining left-
over samples are of better quality for HPV typing. Surveys
of type-specific HPV infections using cytological biobanks
(stored Pap smears or residual liquid based cytological
material) linked to vaccination registries will be an impor-
tant tool to address type replacement, incidence of break-
through infections, breakthrough lesions and duration of
protection.

HPV-associated malignancies

A recent IARC review concluded that while cervical cancer is
caused entirely by HPV, other sexually transmitted cancers
are caused by HPV to a varying extent: penis 40%, anus 90%,
vulva/vagina 40% and oropharynx 12% [68]. While
HPV16/18 are responsible for only about 70% of cervical
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cancers, the type diversity in the non-cervical HPV-
associated cancers is less: HPV16/18 are responsible for
about 90% of the HPV-positive anal, vulvar/vaginal and
oropharyngeal cancers [68]. However, whereas cervical
cancer has been studied extensively the total amount of
high-quality HPV typing observations is much lower for the
other HPV-associated cancers, making the estimates less
reliable. It seems likely that routine HPV typing of all cases of
HPV-associated cancer forms will become an essential part
of the long-term evaluation/monitoring of HPV vaccination
programmes.

Combination of HPV vaccination and
screening programmes

Current HPV vaccines include only the major oncogenic
types, responsible for only 70% of cervical cancers.
Moreover, as the vaccines are aimed at protecting HPV-naive
individuals, and their effect on already exposed women is
questionable, screening will continue to be necessary.

Nevertheless, the reduced background risk may, after just
a few decades, allow an increase of the screening intervals.
For example, it has been estimated that conventional cyto-
logical screening every 5 years starting at 30 years of age
results in a 67% reduction in lifetime cervical cancer risk.
Adding HPV16/19 vaccination to this programme resulted
in a risk reduction of 89% [69]. Clearly, several aspects of
monitoring and evaluation are the same or strongly interre-
lated for screening and vaccination, arguing that these
complementary strategies need to be co-ordinated in a cer-
vical cancer prevention programme [70].

Internationally comparable methods for monitoring of
HPV vaccination programmes

The global HPV LabNet has been launched by the WHO as
an initiative towards global quality assurance and standard-
ization of HPV testing methods used in the follow-up of
HPV vaccination programmes. The results of the interna-
tional comparison of HPV serological methods found that
the methods used are comparatively robust, provided that
measurements are related to the same international standard
serum that is assayed in parallel [71]. Self-defined ‘titres’
varied by orders of magnitude and self-interpreted results
varied greatly in terms of sensitivity and specificity. However,
when assay data were related to the international standard
and when the standard was used to set the ‘cut-off level’ for
positivity there was good agreement, both in terms of anti-
body levels and sensitivity/specificity [71]. International
comparison of HPV DNA detection methods demonstrated
the urgent need for quality assurance, as 29 global expert
laboratories reported results with sensitivity for HPV DNA
detection varying by 5 orders of magnitude and with both
false positives and incorrect HPV typings being common
[72].
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For both HPV antibodies and HPV DNA tests, biological
reference standards that will define an international unit of
measurement are being launched. For quality assurance and
as a basis for certification, global proficiency panels will be
made available. Finally, a ‘WHO Manual of HPV Diagnosis
and Control’ that will provide examples of state-of-the-art
methods is expected by 2008.

Conclusions and recommendations

L1 VLP HPV vaccines have been found to be safe, well tol-
erated and to offer HPV-naive women a very high level of
protection against HPV persistent infection and cervical
intraepithelial lesions associated with the types included in
the vaccine.

The reduction in background risk of cervical cancer by
elimination of the most important HPV types will affect
the cost-effectiveness of screening programmes and may,
in the long term, allow increasing screening intervals.
Co-ordinated quality assurance/montoring of HPV vaccina-
tion and cervical screening is advisable for finding the most
(cost-)efficient strategies for cervical cancer control.

The continuous monitoring of which HPV types are
spreading in the population will become necessary for early
monitoring of ‘type replacement’ phenomena, inappropriate
vaccination strategies or other reasons for vaccination
failure. HPV-associated cancers and condylomas are now
vaccine-preventable diseases and should from now on be
subject to similar surveillance strategies to other vaccine-
preventable diseases.
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