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Review Article
HPV infection and cervical disease: A review
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Cervical cancer remains a significant problem worldwide particularly in underdeveloped countries. The disease and its
financial impact are significant. Infection with the human papilloma virus (HPV) is necessary for the development of
cervical cancer and its precursors. HPV also causes precancer and cancer elsewhere in the lower genital tract in women
and men, as well as cancers of the aerodigestive tract. Whilst non-sexual transmission has been reported, the usual
method of transmission is by sexual intercourse with the virus deposited on the basement membrane of the cervical
epithelium. It is then taken up by the basal cells, and viral amplification occurs with the maturation of the squamous
epithelium. During this process, it remains hidden from the host immune system, thus not mounting an immune
response in many instances. About half of the women infected with HPV do not develop clinically detected serum
antibody levels and are thus at risk of re-infection with the same HPV type. HPV vaccination produces sustained levels of
serum-neutralising antibodies and has been shown to be effective in reducing disease caused by the vaccine-associated
HPV types. Vaccination is considered well tolerated and safe with syncope and venous thromboembolism reported more
frequently that would be expected. Vaccination will not protect against pre-existing HPV infection and hence may
not provide complete protection in all women, and as the duration of protection is not known, for the time being routine
Pap testing screening according to the Australian guidelines should continue.
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The burden

The worldwide burden of cervical disease is enormous, with
over 500 000 new cases of cervical cancer diagnosed each
year, resulting in 250 000 deaths. The burden and
ramification of human papilloma virus (HPV) infection is
significantly and proportionally greater with over 300 million
new cases of HPV infection, 30 million new cases of Low
Grade Squamous Intraepithelial Lesions (LSIL) and
10 million new cases of high-grade squamous intraepithelial
lesions (HSIL) diagnosed yearly. The prevalence of cervical
disease is highest in underdeveloped countries and lowest in
developed western countries where screening programmes
have significantly reduced the incidence of disease.1

In Australia, whilst the incidence and mortality from
cervical cancer have been declining over the last 2–3 decades,
the disease has not been eradicated (Fig. 1). In 2005, there
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were 734 new cases and 221 deaths attributed to cervical
cancer.2 The Australian National Cervical Screening Program
screens just over 2 million women annually. In 2007, 28 188
histological abnormalities were detected, of which 13 709
were low grade and 14 479 were high grade.2

The financial impost on countries and their national
budgets of cervical disease prevention is enormous. In the
United States of America, it has been estimated that the cost
of screening, follow-up and treatment of cervical cancer
approximates US $6 billion ⁄year3,4 whilst in Australia, the
screening programme costs $138 million dollars annually.5
What causes cervical cancer?

It is necessary (although not sufficient) to have a persistent
infection of the cervix with a high-risk or oncogenic HPV
(hrHPV) virus to develop cervical cancer. It has been shown
that virtually all cervical cancers test positive for HPV DNA
and that the attributable risk of HPV for cervical cancer is
higher than smoking is for lung cancer and Hepatitis B virus
is for liver cancer.1 Whilst HPV infection is necessary, other
associated co-factors are required that may include smoking,
long-term oral contraceptive pill (OCP) use, human
immunodeficiency virus (HIV) co-infection, high parity,
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Figure 1 Trends in incidence and mortality rates for cervical cancer (IDC10 C53).2
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herpes simplex virus (HSV) and chlamydia trachomatis
(CT) infection, absence of male circumcision, immune
suppression as well as nutritional and dietary factors.1,2,6

An explanation as to the role these co-factors may take in
HPV persistence follows. Smoking is immune suppressive,
affecting the metabolism of female hormones and causing
genetic damage from tobacco-related carcinogens. Inhaled
nicotine is converted to cotinine, which is deposited in the
cervix, adversely affecting antigen-processing Langerhans
cells, needed for cell-mediated immunity. OCP use enhances
HPV gene expression in the cervix and may promote
integration of the virus into the host chromosome.
In addition, oestrogen and high parity may also maintain the
transformation zone on the ectocervix, increasing exposure
to the harsh acid environment of the vagina and to HPV.
HSV2 and CT are associated with an inflammatory response
that has been linked with the generation of free radicals and
development of genetic instability.7

HPV is a circular double-stranded DNA virus of almost
8000 bp belonging to the family Papillomaviridae. There
are over 150 genotypes of which 40 infect the moist
squamous epithelium of the anogenital tract. Of these,
15 cause cervical cancer. HPV affecting the lower genital
tract is derived from five species: alpha 5 (HPV Types 26,
51, 69, 82), alpha 6 (HPV Types 53, 30, 56), alpha 7
(HPV Types 18, 39, 45, 59, 68, 70), alpha 9 (HPV Types
16, 31, 33, 35, 52, 58, 67) and alpha 10 (HPV Types 6,
11, 13, 44, 74) with the majority coming from alpha 7 and
alpha 9 series.8

Whilst there is a variation between the most prevalent
HPV types around the world, types 16 and 18 remain the
most common in cervical lesions and cause 60–80% of all
cervical cancers. There is wide variation in the prevalence of
the lesser HPV types throughout the Africa ⁄ Asia and other
parts of the world that also includes types 31 and 45.6,9,10

Although HPV is most commonly associated with disease
in the cervix, this virus also causes benign genital
condyloma, low- and high-grade dysplasia and a subset of
cancers throughout the anogenital tracts of both men and
women. HPV is also responsible for recurrent respiratory
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tract papillomatosis and for warty lesions occurring on the
mucosal surfaces of the oral cavity and oropharynx, some of
which progress to cancer.
Natural history

The natural history of HPV-related disease is initiated with
an acute infection resulting in viral replication leading to the
development of either a subclinical, or a clinically evident
infection.

Subclinical infections usually resolve without symptoms
with the virus being eradicated or suppressed to non-
detectable levels. The development of clinically evident
infection may produce either low-grade disease or the
development of high-grade disease, the latter being a
consequence of persistent infection with hrHPV.

It was originally believed that there was a natural and
orderly progression of cervical disease from CIN I to CIN II
to CIN III and then the development of invasive cervical
cancer.11 Through a much greater understanding of the
natural history of HPV infection and CIN, we know this is
not the case with the majority of low-grade lesions regressing
without treatment, and a significant proportion of high-grade
lesions progressing to invasive cancer if left untreated.

Whilst most genital condyloma is produced by low-risk
types 6 and 11 HPV (lrHPV), up to 35% of LSIL of the
cervix are the consequence of HPV 16 and 18 infection,
with types 6 and 11 contributing only to only 10% of HPV-
positive LSIL.12 LSIL positive for HPV 16 and or 18 are
more likely to progress to high-grade disease and cervical
cancer than LSIL containing other HPV genotypes.

The majority of patients with HSIL or CIN III have
persistent infections with hrHPV types 16 and 18, with a
low risk of regression and high risk of persistence or
progression if left untreated.6 High-grade changes can occur
de novo from persistent HPV infection without necessarily
progressing through lower-grade appearing abnormalities.13

The interval from first infection to high-grade CIN is
usually less than the time from high-grade CIN to cancer,
which has been estimated to be about 7–10 years.
� 2011 The Authors
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HPV and cervical disease
HPV transmission

The greatest behavioural risk for the acquisition of mucosal
HPV infection is sexual contact, specifically the greater
number of lifetime sexual partners.14 Vertical transmission
resulting in juvenile respiratory papillomatosis and horizontal
transmission of low-risk HPV to the vulva and vagina via
fingers, tampons and non-penetrative intercourse has been
described; however, cervical HPV infection is predominantly
transmitted through penetrative heterosexual intercourse.

It is noteworthy that while condoms may reduce the risk
of HPV acquisition, they are not fully protective against the
transference of HPV infection. HPV infection is very
common in sexually active young women with point
prevalence of about 25% and a cumulative prevalence of
>80%. The cumulative risk of developing or acquiring HPV
infection in a first sexual relationship is about 45% at three
years.15–17 After the age of 30, the prevalence of HPV
infection declines dramatically to about 5%, and the key
determinants of infection remain the age of coitarche, recent
and total sexual partners and male sexual behaviour.18,19

Most HPV infections are transient with clearance
mediated by cell-mediated immune mechanisms usually
within six months. Some HPV infections particularly those
of high-risk genotypes may take longer, between 12 and
24 months, to clear.3 Factors modulating progression include
ongoing HPV exposure, HPV genotype, the molecular
variant of that genotype, the HPV viral load as well as the
immune status of the host.20 Clearance of an HPV type
leaves the woman partly or fully immune to that genotype.3

Intercourse during a productive infection results in a high
probability of transmission.21 After an acute infection with
high-risk HPV, however, only about 50% of patients will
seroconvert with the mean time to seroconversion of about
12 months. Thus, many women do not have antibodies to
HPV 16 or 18 despite having been infected. An insufficient
immune response leaves women at risk of future infection
with the same HPV type.22,23
Virus life cycle

During sexual intercourse, micro-abrasions within the
squamous epithelium allow the HPV virus to be deposited
onto the basement membrane where it binds; it then
undergoes a conformational ‘relaxation’ and enters the basal
cell via a complicated process of endocytosis, which takes
between two and four hours. Immediately after the virus is
taken up by basal cells, the envelope protein is decomposed,
and the viral DNA is routed to the nucleus where it exists in
episomes within the nucleus but separate from the host
DNA. This is usually associated with low viral copy
numbers and no cytologic abnormality.24

Viral assembly occurs in the maturing squamous
epithelium resulting in release of amplified virus from the
terminally differentiated squamous cells. This process takes
three weeks, which corresponds to the maturation of a basal
cell to the superficial cells. The HPV early genes E6 and E7
required for malignant transformation are produced in both
� 2011 The Authors
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the lower and upper layers of the epithelium. The HPV late
proteins, L1 and L2, that form the viral capsid are produced
and assembled into highly immunogenic virions and released
only in the terminally differentiated outer epithelial layer.

In a minority of cases, persistence, integration and
transformation occur. Typically, the HPV DNA integrates
into the host cell DNA, by disrupting the E2 gene allowing
the circular genome to become linear. Integration-mediated
disruption of E2 causes cessation of viral synthesis, but more
importantly triggers deregulation of E6 and E7. E6 binds
and degrades p53, and E7 inactivates the retinoblastoma
gene. Both the p53 and retinoblastoma are tumour
suppressor genes, and degradation or inactivation leads to
genetic instability, prevention of apoptosis and uncontrolled
cellular proliferation, which may lead to cancer. During the
process of integration, p16 is also over expressed.1
Immune response

As the HPV life cycle takes place entirely within the squamous
epithelial cell, it is effectively ‘hidden’ from the host immune
system. Unlike other infections, there is no systemic response,
no viraemia and no blood-borne phase. The infected epithelial
cells undergo ‘non-lytic cell death’ and as such are not
destroyed and are able to release newly synthesised virus but
not evoke an inflammatory reaction and block the release of
inflammatory cytokines that normally occurs in response to an
invader. Additionally, HPV can subvert normal dendritic cell
function.25,26 If ⁄ when an immune response is able to be
generated after natural infection, then there is exudation and
binding of L1 neutralising antibodies at the basement
membrane preventing viral binding. Also, transudation of IgG
and IgA antibodies through the epithelium binds the HPV
before it is able to infect cells.25–27
HPV vaccines

With the development of recombinant DNA technology,
L1 proteins expressed in either a yeast or viral expression
system are able to self-assemble into virus-like particles
(VLP). The absorption onto aluminium salts improves the
immune response to the vaccines. VLPs are very similar in
external appearances to native HPV viral particles. As the
VLP contains no viral DNA, it is not infectious but is able
to elicit a significant neutralising antibody response.

Currently, there are two available vaccines: one, Gardasil�
(CSL Biotherapies Pty Ltd, Victoria, Australia) is
quadrivalent, the other, Cervarix� (GlaxoSmithKline
Australia Pty Ltd, Victoria, Australia) a bivalent vaccine
(Table 1). Both vaccines are very efficient in reducing HPV
16, 18 disease of the lower genital tract; in addition, the
quadrivalent vaccine will also significantly reduce genital
lesions related to HPV 6 and 11 infections. Direct comparisons
of antibody responses to the different vaccines cannot be
made. The immunoassay used in the Gardasil� trials is a
competition assay measuring one neutralising antibody
species only, whereas that used in the Cervarix� trials is an
ELISA that measures total anti-VLP serum antibody.28
105

stralian and New Zealand College of Obstetricians and Gynaecologists; 51: 103–108



Table 1 Characteristics and findings of two proof-of-principle randomised controlled trials that assessed the efficacy of prophylactic
vaccines to prevent HPV infection and cervical abnormalities1

Gardasil� Cervarix�

Manufacturer MSD GlaxoSmithKline
Ages (years) 9–45 (females) 10–45

9–15 (males)
HPV types 6, 11, 16, 18 16, 18
Expression system Yeast Baculovirus in insect cells

Saccharomyces cerevisiae
Adjuvant Aluminium hydroxy

phosphate sulphate
ASO4 (Adjuvant System 04):
Al(OH)3 + MPL�

Cross reactivity Demonstrated Demonstrated
Programme 0, 2 & 6 mths (IMI) 0, 1 & 6 mths (IMI)
Recommended in pregnancy No No
Volume per dose 0.5 mL 0.5 mL
Composition 20 lg HPV 6 L1 VLP 20 lg HPV16 L1 VLP & 20 lg

HPV18 L1 VLP
500 lg aluminium hydroxide
50 lg MPL (immunomodulator)

40 lg HPV 11 L1 VLP
40 lg HPV 16 L1 VLP
20 lg HPV 18 L1 VLP

Efficacy in preventing incident ⁄ transient infections (%) 91 92
Efficacy in preventing persistent infections (%) 100 100
Efficacy in preventing pre-invasive lesions (%) >90 >90
Acceptable rate of adverse events Yes Yes
Adverse events Pain, redness, swelling Increased solicited symptoms

during 7-day follow-up compared
to Gardasil�

Seroconversion (%) 100 100
Specific titres compared to natural infection 60 times greater 50 times greater for HPV 16 and

80 times greater for HPV 18

J. R. Carter et al.
Vaccine-induced protection against HPV infection is via
IgG neutralising antibodies that prevent HPV entry into the
basal cell by preventing the conformational change of the
virus and the binding of its receptor to the basal cell. HPV
vaccination produces a high and sustained level of
neutralising antibodies significantly higher than that obtained
with natural infection, and this level of protection appears to
last for quite a number of years with an anamnestic response
being demonstrated.29

Whilst HPV antibodies are primarily type specific, both
vaccines have shown some cross-protection against HPV
types genetically and antigenically closely related to vaccine
types (including types 31 and 33 related to type 16 in the
A9 species and type 45 related to type 18 in the A7
species). Cross-protection is potentially important in further
reducing the burden of cervical cancer. Current evidence
shows the cross-protection effect afforded by the
quadrivalent vaccine is roughly equivalent to that to the
bivalent vaccine although there are some type differences.30

It remains unclear however, as to the level of neutralising
antibodies generated to non-vaccine types and how quickly
they will decline. Thus, cross-protection efficacy might not
only be lower but of shorter duration for than protection for
vaccine HPV types.6

Generally, the vaccines are well tolerated producing local
discomfort and local pain, redness and soreness with some
fatigue, headache and myalgia. These effects may be
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increased with the bivalent vaccine, presumably related to
the different composition of its adjuvant. Whilst a number of
potential vaccine adverse effects have been demonstrated,
overall many of these adverse effects are not specifically
related to the vaccine, and it remains safe without significant
adverse affects. Recently, the Vaccines Adverse Event
Reporting System (VAERS) has reported that of the
23 000 000 doses of the quadrivalent HPV vaccine given as
of December 2008, there were 12 424 voluntary reports of
adverse events. Most of these did not meet the FDA
definition of a serious adverse event. There are a number of
reporting biases in such a system with compounding effect
of extensive news and media coverage producing
inconsistency in the quality and completeness of data. Of the
reported adverse events, however, two that need to be
mentioned are syncope and venous thromboembolism
(VTE) that have a frequency above what would be
expected. The frequency of all other events is consistent
with prelicensure data and not greater that what would be
expected in the background population.31
Commonly asked questions

Should boys be vaccinated?

Modelling would suggest that if vaccination of young girls
and woman is widespread, vaccination of men will add little
� 2011 The Authors
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HPV and cervical disease
benefit; however, if vaccination rates in women are low, then
male vaccination would offer greater benefit. Vaccination of
boys will decrease their risk of developing a vaccine-related
HPV infection and HPV-related disease, including anal,
penile and oropharyngeal cancers as well as genital
condyloma. Thus, the decision to vaccinate boys is an
individual parental decision with potential significant
advantages for the boys in later life.
Is routine Pap testing still needed?

As vaccination will not protect against all cervical cancers
and not protect against pre-existing HPV infection, and as
the duration of protection is not known, for the time being,
routine Pap testing screening according to the Australian
guidelines should continue.

There is scope, however, to consider modifying the
Australian guidelines with a large cohort of vaccinated young
girls with a low precursor prevalence about to enter the
screening programme. Whilst vaccination will not protect
against all hrHPV types, these vaccinated young women are
at a significantly lower risk of developing dysplasia, and
consideration for modification of the screening programme
needs to be given a high priority. Options that should be
considered may include increasing the age of first screening,
increasing the interval between screenings and the use of
new technologies eg HPV testing.
Should older women be vaccinated?

It has been estimated that up to 14% of women aged
between 25 and 44 will have an incident infection with a
hrHPV. It has also been demonstrated that HPV is able to
evade the immune system and that not all women generate
an antibody response after natural HPV infection.23

In addition, where there is an antibody response after natural
infection, this response may not be sufficient to protect
against future infection with the same HPV type. So despite
previous infection, women may be at risk of future infection
with the same or different HPV types. Vaccination has been
found to be efficacious in women aged 24–45 not infected
with the relevant HPV types.32 Whilst it is difficult to predict
a woman’s future exposure to HPV infection, some older
women still being exposed to HPV may still derive benefit
from HPV vaccination. Those women in a stable
relationship, not being exposed to new HPV infection and
older than 42 years of age are less likely to derive benefit
from vaccination.33
Should women positive by HCII be vaccinated?

HPV testing by hybrid capture (HCII) confirms the
presence of HPV DNA in the cells removed from the cervix
at the time of sampling. A positive HCII should not be
confused with a positive serum antibody titre, which is a
marker of an immune response to natural infection.
At present, there is no commercially available test to detect
serum HPV antibodies, so the clinician is unable to
� 2011 The Authors
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determine the true immune status of a woman. In addition,
the correlation between natural infection and serum antibody
response is poor, as 50% of women after natural infection do
not develop an antibody response.

Hence, the decision to vaccinate a woman who has tested
positive to HCII should not be decided by their positivity,
rather the decision should be based on the risk of exposure
to new HPV infection, akin to the decision made in
vaccinating older women.34
Conclusion

HPV-related cervical disease is a significant burden.
Persistent infection with an oncogenic HPV in the presence
of co-factors is necessary to develop cervical cancer. Whilst
the majority of sexually active women become infected with
HPV, only about 50% develop a measurable antibody
response to this natural infection. In some instances, this
may not be sufficient to protect against further infection,
and the antibodies produced are type specific. HPV
vaccination will dramatically protect an individual from
developing HPV-induced disease.
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