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Human papillomaviruses (HPVs) are 
common viruses. About 40 types 
often, and usually transiently, infect 

genital epithelia asymptomatically. Their 
importance lies in the causal relationship 
between persistent infection with some 
HPV types and the development of can-
cers of the cervix, anus, vagina, penis, 
vulva and oropharynx. 

Prophylactic HPV vaccines have been 
developed which target the two most 
oncogenic of the high risk HPV types, 
types 16 and 18, which are responsible 
for about 70% of cervical cancer cases 
globally. Because these vaccines work by 
preventing initial HPV infection with 
targeted types, and have no therapeutic 
effect on current infection, they are best 
administered to young adolescents before 
initiation of sexual activity. Many coun-
tries now routinely administer HPV vac-
cination through either school-based 
programmes or through primary care 
services. 

The hospital doctor may need to under-
stand the vaccines in relation to situations 
where patients seek information because 
vaccine courses are incomplete, raise safety 
concerns about the vaccines, question how 
vaccinated women can have developed 
high grade cervical lesions requiring treat-
ment, or enquire as to the suitability of the 
vaccine for use in immunosuppressed pop-
ulations or in groups who are not covered 
by routinely funded programmes (accord-
ing to their age or sex). This article pro-
vides an overview of the epidemiology of 
HPV, the safety and effectiveness of the 
HPV vaccines and information about their 
clinical use. 

HPV infection and disease
Most sexually active people will be 
infected with genital type HPV during 
their lifetime. In females, prevalence 
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peaks in the years following sexual debut, 
reflecting high rates of incident infection 
and lack of immunity, before plateauing, 
as summarized by Bosch et al (2008). As 
demonstrated by Giuliano et al (2011a), 
in males prevalence is more constant 
throughout life, suggesting that men are 
less likely to generate sterilizing immuni-
ty to the virus and may be more likely to 
have ongoing exposure. Most genital 
HPV infections are cleared within 
6–12 months without symptoms, 
although HPV types 6 and 11 infections 
can cause genital warts. 

If HPV infection with one of the 
‘high‑risk’ or oncogenic viruses (types 16, 
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 
and probably 68, as per Bouvard et al 
(2009)) persists, high-grade intraepithelial 
abnormalities may develop. If untreated 
over time (usually decades) these lesions 
may develop into cancer, although others 
will regress, as summarized by Schiffman et 
al (2007) (and as per Figure 1). This natu-
ral history forms the basis of cervical 
screening using Pap tests, which provides 
secondary prevention of cervical cancer by 
detecting and treating high‑grade cervical 
intraepithelial neoplasia. 

All squamous carcinomas and adeno-
carcinomas of the cervix are attributable to 
HPV. Each of the 40 genital HPV types 
may cause low-grade cervical abnormali-
ties, which are indicative of acute HPV 
infection. HPV is also causally associated 
with around 88% of anal cancers, 70% of 

vaginal cancers, 43% of vulvar cancers, 
50% of penile cancers and 30% of oro-
pharyngeal cancers, although attributable 
fractions may vary across populations 
dependent upon the presence of compet-
ing causes, as reported by Forman et al 
(2012). 

Other HPV‑related cancers occur at 
lower rates in the general population than 
cervical cancers (2 per 100 000 per year or 
less), with or without cervical screening 
programmes, although in some popula-
tions anal cancers and HPV‑related 
oropharyngeal cancer rates appear to be 
increasing, probably as a result of changes 
in sexual behaviour. No screening pro-
grammes are currently available for 
non‑cervical HPV‑related cancers. 

How do HPV vaccines work
The two prophylactic HPV vaccines cur-
rently in use (a quadrivalent vaccine, 
Gardasil and a bivalent vaccine, Cervarix) 
both generate high levels of antibody 
against types 16 and 18, the two most 
oncogenic HPV types. As Day et al (2010) 
have reported, these antibodies block a 
conformational change that the virus needs 
to make in order to enter and infect the 
basal epithelial cell. As the virus can only 
access the basal epithelium at sites of minor 
trauma, exposure to antibodies in sera 
occurs at these sites. 

As described by Bosch et al (2008), 
HPV16 and 18 are detected in 70% of 
cervical cancers and in 50% of high-grade 

Human papillomavirus vaccination

Figure 1. Natural history of human papillomavirus (HPV) infection. CIN3 = cervical intraepithelial 
neoplasia 3. Adapted from Moscicki et al (2012). 
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cervical lesions (other high risk types may 
also cause these lesions but HPV16/18-
related lesions are more likely to progress). 
However, they are only found in about 
35% of low-grade lesions, as all 40 HPV 
types may cause these, as reported by 
Clifford et al (2005). 

As described by Schiller et al (2012), the 
vaccines are made using recombinant tech-
nology which produces the L1 outer coat 
protein of the virus, which self-assembles 
into virus-like particles which resemble the 
surface structure of the actual virus. These 
particles are not infectious or oncogenic as 
they contain no viral DNA. They generate 
high levels of antibody many times greater 
than seen following natural infection, par-
ticularly in combination with the adju-
vants present in the vaccines. Gardasil also 
contains particles based on the L1 proteins 
of HPV6 and 11, which are the HPV types 
responsible for over 90% of genital warts 
and for recurrent respiratory papillomato-
sis. Table 1 summarizes characteristics of 
the two vaccines.

Vaccine efficacy 
Schiller et al (2012) have summarized the 
results of the large scale randomized con-
trolled trials which established that both 
vaccines have very high efficacy against 
high-grade cervical intraepithelial neopla-
sia caused by HPV16 and 18, when given 
to women who were uninfected at base-
line. They also effectively prevent infec-
tion, low-grade lesions, vulval and/or 
vaginal intraepithelial lesions and, for the 
quadrivalent vaccine, genital warts. A trial 

of the quadrivalent vaccine in males has 
also demonstrated protection against 
type-specific infection, external genital 
lesions (predominantly genital warts) and 
anal intraepithelial lesions, assessed 
among men who have sex with men, as 
reported by Palefsky et al (2011) and 
Giuliano et al (2011b). The trials indi-
cated that the vaccines do not effectively 
treat infections or lesions already present 
before vaccination. 

Currently duration of efficacy among 
trial participants is around 10 years, with 
ongoing monitoring being undertaken. 
As estimated in mathematical modelling 
by David et al (2009), the rate of decay of 
antibody titres suggests that protection will 
be long term. 

Cross protection
Post‑hoc analyses of the trials demon-
strated that the vaccines offer some 
cross‑protection against non‑targeted but 
related HPV types. The bivalent vaccine 
(which produces higher antibody titres as 
a result of its adjuvant system) has consid-
erable and significant protection against 
types 31 and 45 (>75%) and significant 
although lesser protection against types 
33, 51 and 52. The quadrivalent vaccine 
provides significant protection against 
infection with type 31 (46%) (as summa-
rized by Schiller et al (2012)). However, 
reported levels of antibody against related 
types are many fold lower than against 
targeted types and their duration is uncer-
tain. Howell‑Jones et al (2013) docu-
mented slight declines in genital warts in 

the UK following population-based vac-
cination with the bivalent vaccine, indi-
cating that low levels of cross protection 
against HPV types 6 and 11 may be 
induced by that vaccine.

Vaccine impact
Vaccine impact is being monitored in 
HPV vaccinated populations around the 
world. Surveillance studies to date have 
noted substantial declines in HPV infec-
tion, genital warts and cervical disease in 
vaccine targeted cohorts. Declines in HPV 
infection are restricted to vaccine‑targeted 
types in populations vaccinated with the 
quadrivalent vaccine, but Kavanagh et al 
(2014) noted declines in HPV types 31, 
33 and 45 in Scotland following bivalent 
vaccination. 

As Ali et al (2013) reported, genital 
warts have declined substantially in 
Australia, even among men of the same 
age as vaccinated women, indicating herd 
immunity. Vaccine effectiveness against 
high-grade cervical lesions in Australia of 
around 45% has been observed by Gertig 
et al (2013) and Crowe et al (2014), con-
sistent with the expected impact on these 
lesions given that not all are caused by 
HPV16/18. As discussed by Heley and 
Brotherton (2009), high‑grade abnormali-
ties will continue to occur in vaccinated 
women and are not a cause for alarm, 
given that other HPV types can also cause 
these lesions and some women, particu-
larly in catch‑up vaccination programmes, 
were sexually active (HPV‑exposed) before 
vaccination.

	 Quadrivalent HPV vaccine	 Bivalent HPV vaccine

Brand name, manufacturer	 Gardasil/Silgard, Merck & Co	 Cervarix, GlaxoSmith Kline

Year and country first registered	 June 2006 in USA	 May 2007 in Australia

L1 virus‑like particles	 HPV types 6, 11, 16, 18	 HPV types 16, 18

Number of doses distributed 	 >161 million (to end June 2014)	 >49 million (to end May 2014)

Expression system for L1 protein	 Saccharomyces cerevesiae (Baker’s yeast)	 Trichoplusia ni insect cells infected with L1 recombinant baculovirus

Adjuvant system	 Aluminium hydroxyphosphate sulfate	 Aluminium hydroxide and 3-O-deacytlated-4’-monophoshoryl  
		  lipid A (a detoxified bacterial lipopolysaccharide)

Percentage experiencing injection site reactions*	 Any pain 72% (95% CI 68–75%)	 Any pain 93% (95% CI 90–95%) 
	 Any redness 26% (95% CI 22–30%)	 Any redness 44% (95% CI 40–49%) 
	 Any swelling 22% (95% CI 18–26%)	 Any swelling 37% (95% CI 32–41%)

Standard three dose schedule	 0, 2, 6 months	 0, 1, 6 months
CI = confidence interval. * From Einstein et al (2009)

Table 1. Characteristics of prophylactic human papillomavirus (HPV) vaccines
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Vaccine safety
As summarized by Macartney et al (2013), 
post‑vaccination safety surveillance studies 
have confirmed the findings of the clinical 
trials that the most common adverse events 
experienced following HPV vaccination 
are injection site reactions and minor sys-
temic symptoms such as headache and 
dizziness. Local reactions of pain, redness 
and swelling at the injection site occur 
more frequently with the bivalent vaccine 
than the quadrivalent vaccine (Table 1). As 
at mid 2014, over 210 million doses of the 
vaccines have been distributed globally 
(over 161 million dose of quadrivalent vac-
cine and over 49 million doses of bivalent 
vaccine). 

In response to case reports, systematic 
population-based studies, such as that of 
Arnheim‑Dahlstrom et al (2013), have 
been undertaken. These have found no 
evidence of any association between the 
occurrence of autoimmune, neurological 
or thomboembolic events and HPV. 
Cases of anaphylaxis may rarely occur fol-
lowing HPV vaccination, as with other 
vaccines. No adverse effects have been 
noted after inadvertent administration 
during pregnancy, but the vaccines should 
not be given in pregnancy for precaution-
ary reasons. 

Clinical use of the vaccines
Many countries have now implemented 
government-funded HPV vaccination 
programmes, usually targeting pre‑adoles-
cent females given that maximum effec-
tiveness of the vaccines is achieved when 
vaccination is given before HPV exposure. 
The choice of vaccine and age of the target 
population may be determined by local 
health priorities and cost‑effectiveness 
analyses, which incorporate knowledge 
about local health-care costs, vaccine 
delivery systems and population demo-
graphics such as median age of sexual 
debut. 

Vaccine schedules and 
administration
Both vaccines were administered in the 
initial trials and registered using a three-
dose schedule with doses given over 
6 months (at time points 0, 1–2 months 
and 6 months)(Table 1). In 2014, the 
World Health Organization (2014) and 
the European Medicines Agency also 

approved the use of two-dose HPV vaccine 
schedules for both HPV vaccines. This 
schedule can only be used for those aged 
14 years or younger at the age of first dose. 
The two doses must be given 6 months or 
more apart, with an absolute minimum 
interval of 5 months (ensuring this is a 
prime‑boost strategy). 

This endorsement is based on demon-
stration of equivalent antibody responses 
against targeted HPV types in pre‑adoles-
cent females as those demonstrated follow-
ing three doses administered to older 
females in whom vaccine efficacy has been 
demonstrated (Dobson et al, 2013; 
Romanowski et al, 2014). Some countries 
are adopting two‑dose schedules for rou-
tine vaccination of young adolescents. The 
first two doses of the three-dose schedule 
(given 1–2 months apart) should not be 
considered adequate protection and those 
vaccinated according to this schedule 
require the third dose. 

If a dose is missed, it can be administered 
without needing to restart the vaccination 
course. HPV vaccination courses should 
never be restarted. Doses spaced more 
widely apart than recommended will still 
result in adequate immunity, whereas doses 
administered closer than recommended 
may compromise the adequacy of protec-
tion. Local guidelines regarding the need 
for further doses in such situations (i.e. a 
fourth dose) should be followed (e.g. UK 
Green Book). 

As Noronha et al (2014) have shown, 
HPV vaccines can be safely co‑adminis-
tered with other routinely scheduled vac-
cines without compromising immune 
responses to the vaccines. If an individual is 
given a course of vaccine containing both 
the vaccines (i.e. two doses of one and one 
of another), they should be advised that 
protection against genital warts may be less 
complete than if they had received three 
doses of quadrivalent vaccine. 

Elective HPV vaccination
Outside of government-funded HPV vac-
cination programmes, individuals may 
choose to receive HPV vaccination at 
their own expense. Groups at particular 
risk from HPV, such as men who have sex 
with men (who are at a higher risk of 
genital warts and anal cancer), HIV-
positive people and other immunocom-
promised or immunosuppressed people 

(who are at higher risk of HPV‑related 
malignancies), may wish to consider elec-
tive HPV vaccination. HPV vaccination is 
safe among immunocompromised popu-
lations (it is not a live vaccine) and pro-
duces adequate immune responses among 
HIV-infected populations (Weinberg et 
al, 2012). However, in a study by Kumar 
et al (2013), a poorer immune response to 
vaccination was noted among 47 trans-
plant recipients. In countries where male 
vaccination is not funded, males may ben-
efit from herd immunity as a result of 
female vaccination but individuals may 
wish to receive HPV vaccine in order to 
reduce their personal risk of genital warts, 
anogenital cancers and cancers of the 
oropharynx. 

A post‑hoc analysis of quadrivalent 
HPV vaccine trial data by Joura et al 
(2012), and a non‑randomized study by 
Kang et al (2013), also suggest a benefit 
from vaccination in preventing recurrent 
disease among women treated for high-
grade cervical intraepithelial neoplasia. 
This may be the result of prevention of 
re‑infection from other sites of HPV infec-
tion in the genital tract or from sexual 
partners, among these women who are 
known to have a reduced ability to clear 
oncogenic HPV infection. Careful coun-
selling is indicated when vaccinating 
post‑treatment to ensure that the limita-
tions of the vaccine when given in this 
situation are made clear (i.e. not a thera-
peutic vaccine and does not protect against 
all HPV types) to ensure ongoing follow 
up and screening occurs. BJHM

Figure 1 is reproduced from Moscicki et al (2012) by 
kind permission of Elsevier. 
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KEY POINTS
nn Two prophylactic human papillomavirus (HPV) vaccines are in use which prevent, but do not treat, HPV infection with the two most oncogenic of the high risk 

HPV types, types 16 and 18. 

nn Many countries now offer young/pre adolescents HPV vaccination as vaccination will be most effective at reducing HPV infection and disease in the population 
if administered before the onset of sexual activity.

nn Studies have demonstrated falls in HPV infection, genital warts and high-grade cervical lesions in vaccinated populations.

nn Vaccinated females still need to participate in cervical screening as the vaccines do not prevent infection with all high risk types. HPV16 and 18 are detected in 
about 50% of high-grade cervical lesions.

nn The standard three-dose schedule is 0, 1, 6 months for the bivalent vaccine and 0, 2, 6 months for the quadrivalent vaccine. 

nn Recently licensed two-dose schedules (0, 6 months) should only be used in countries endorsing the use of this schedule in those <15 years of age. 

nn HPV vaccine courses never need to be restarted if interrupted. Vaccine doses may be ineffective if delivered at closer than recommended dose intervals. In such 
cases an additional dose may be warranted.

nn HPV vaccines are very safe, with injection site reactions the commonest adverse reaction. They are not associated with an increased risk of autoimmune, 
neurological or thromboembolic events.

nn Elective HPV vaccination may be considered, especially for those at increased risk of HPV-related diseases such as men who have sex with men, human 
immunodeficiency virus (HIV)-positive persons, immunosuppressed patients and women treated for high grade cervical disease.


