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We developed a dynamic compartmental model to assess the impact of HPV Universal Mass Vaccination (UMV)
with CervarixTM, which offers protection against HPV16/18 and cross-protection against other cancer-causing types,
using up-to-date efficacy data. Analyses were performed in the UK because of the large amount of high quality
epidemiological data available. For each HPV type/group of types considered, the model was calibrated to 14
epidemiological datasets (prevalence of HPV infection, cervical intraepithelial neoplasia (CIN): CIN1, CIN2, CIN3 pre-
screening and cervical cancer (CC) incidence over 10 y post-screening). Impacts of cross-protection, female catch-up
vaccination, and additional male vaccination on oncogenic infections, high-grade CIN (CIN2C) and CC were
evaluated. Our results show that female UMV with 80% coverage and cross-protection against high-risk types
resulted in 81% CIN2C and 88% CC reductions vs. 57% and 75%, respectively, without cross-protection. Vaccinating
40% of males and 80% of females was equivalent to 90% female-only coverage regarding CIN2C (87% and 87%,
respectively) and CC (93% and 94%, respectively) reductions. Female-only coverage of 80% substantially reduced
male HPV16 and 18 infection due to herd protection (74% and 89%, respectively). Increasing female coverage to
90% reduced HPV16 and HPV18 infections in males relatively similarly to 80% female combined with 40% male
coverage. Model outcomes strengthen previous conclusions about the significant added value of CervarixTM cross-
protection for CC prevention, the primary HPV vaccination public health priority. Regarding female CC prevention
and male HPV16/18 infection, small increases in female coverage induce similar benefits to those achieved by
additionally vaccinating men with 40% coverage.

Introduction

Human papillomavirus (HPV) is a necessary cause of cervical
cancer (CC),1 the second most common cancer among women
worldwide. More than 500,000 cases and 250,000 deaths occur
annually,2 with HPV16/18 accounting for >70% of CC.3

HPV vaccines, CervarixTM and GardasilTM, provide 99% pro-
tection against HPV16/18-associated high-grade cervical intrae-
pithelial neoplasia (CIN2C).4-6 CervarixTM provides significant
cross-protection against CIN2C associated with HPV31
(89.4%), HPV33 (82.3%) and HPV45 (100%),7 the next most
common cancer-causing types.3 The United Kingdom (UK)
introduced school-based universal mass vaccination (UMV) with
CervarixTM in 2008, achieving 84% coverage (complete 3-dose

schedule) in 12–13 y-old girls and 47% coverage in catch-up
cohorts of 17–18 y-old girls.8 Starting in September 2012, UMV
of 12–13 y-old girls was implemented using GardasilTM.

Mathematical models are important tools to assess the popu-
lation-level impact of vaccination on disease.9 To account for
infection dynamics and evaluate herd protection, a dynamic
modeling approach is necessary. Few HPV models with vacci-
nation published thus far are dynamic.9 The 2 dynamic models
projecting long-term population-level impact of UMV10,11 and
possible benefits of male HPV vaccination in the UK10 either
accounted for cross-protection using pooled estimates for effi-
cacy against all non-16/18 oncogenic types (although not as
base-case)10 or did not account for cross protection.11 We pres-
ent a calibrated dynamic transmission model assessing the
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potential population-level impact of UMV with CervarixTM on
incidence of oncogenic HPV infections in men and women,
CIN2C and CC in the UK, accounting for cross-protective
effects of vaccination using individual efficacy estimates for
HPV31/33/45 and the 9 other oncogenic (35/39/51/52/56/58/
59/66/68) types pooled.

Results

Model calibration
Figure 1 shows the best model fit vs. age-specific prevalence

data12,13 for HPV16. Figure 2 shows the best model fit vs. data
for HPV16 for age-specific incidence of CC from 1997–

2006.13,14 Values of the sets of best fit HPV type-specific param-
eters indicate higher transmissibility for HPV16 than HPV18
and faster clearance of infections caused by HPV18 than HPV16
(Table S1).

Vaccine scenarios
Under the base-case scenario of 80% female vaccination cov-

erage, the model predicted 81% (range 70–87% using 95%
lower and upper confidence limits for vaccine efficacy against
HPV16/18/31/33/45 and the 9 oncogenic types pooled) reduc-
tion in CIN2C incidence and 88% (range 80–92%) reduction in
CC incidence due to all oncogenic HPV types considered by the
time steady state was reached (Fig. 3, Table 1). Cross-protection

Figure 1. Calibration – model projections vs. observed for HPV16 – prevalence at steady state prior to screening. (A) Prevalence of HPV infection. Red
circles: HPV infection normal in females observed; Red stars: HPV infection normal in females model; Blue circles: all HPV infection in females observed;
Blue stars: all HPV infection in females model (i.e., both with normal and with abnormal cytology; Magenta triangles: all HPV infection in males model).
(B) Prevalence of CIN1 (Red: observed; Black: model-projected). (C) Prevalence of CIN2 (Red: observed; Black: model-projected). (D) Prevalence of CIN3
(Red: observed; Black: model-projected). The age values for the points on all Figure 1 plots correspond to the midpoint of the corresponding age inter-
vals, with the exception of the last point which corresponds to the age group of 55 y and older. Those age intervals here are: 15–19, 20–24, 25–29,
30–34, 35–39, 40–44, 45–49, 50–54, and 55C y.
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contributed to a significant proportion of the
HPV vaccination impact such that if vaccine
effects were limited to HPV16/18, the reduc-
tion in CIN2C and CC incidence was esti-
mated at 57% (range 54–58% using 95%
lower and upper confidence limits for vaccine
efficacy against HPV16/18) and 75% (range
71–77%), respectively. The contribution of
cross-protection remained substantial when
assumed duration of cross-protection was
reduced from lifelong to 20 y for non-16/18
types (overall impact 72–77% for CIN2C and
83–84% for CC, depending on how waning of
vaccine protection was modeled) (Table S2).
An evaluation of vaccine-induced herd protec-
tion was made by comparing the 90% (respec-
tively 96%) reduction in HPV16 (respectively
HPV18) CIN2C incidence at post-vaccination
steady-state (Table 1) projected by the
dynamic model for the base-case vs. an esti-
mated 79.2% reduction accounting for direct
effects only. The 79.2% reduction based on
direct effects only was simply derived from the
assumed base-case coverage (80%) and the
99% efficacy against CIN2C for HPV16 and
HPV18 (Table 2): 80% £ 99% D 79.2%.
The differences in reductions whether one
accounts for the indirect effects of vaccination
or not therefore indicated an additional relative
14% for HPV16, and 21% for HPV18, respec-
tively reduction induced by herd protection.

When considering female vaccination
coverage ranging from 70–100%, the overall
impact of vaccination once estimated at
steady-state ranged from 74–91% for
CIN2C and 80–97% for CC, respectively
(Fig. 4; Table S2). Impact of vaccination on
CIN2C and CC was stronger on HPV18
than HPV16 (e.g., 96% vs. 90% reduction
for CIN2C and 96% vs. 90% for CC at
80% coverage), except at 100% coverage
where both HPV types were projected to be
virtually eliminated (Table S2).

Catch-up vaccination scenarios were also
considered, assuming 50% coverage for 2 con-
secutive years in 16–18, 16–25, and 16–35 y-

Figure 2. Calibration – model projections vs.
observed for CC incidence associated with HPV16
over time, with screening. Red: observed; Black:
model-projected. The age values for the points on
all Figure 2 plots correspond to the midpoint of
the corresponding age intervals. Those age inter-
vals here are: 15–19, 20–24, 25–29, 30–34, 35–39,
40–44, 45–49, 50–54, 55–59, 60–64, 65–69, and 70–
74 y.
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olds (Fig. 5). The time-period until a substantial population-
level reduction in the outcomes was reached was reduced for
catch-up programs targeting wider age ranges. As an illustration,
the model predicted 50% population-level reductions in CIN2C
could be achieved after 20, 17 and 16 y, respectively, vs. after 22
y without catch-up; 50% population-level reduction in CC could
be achieved after 27, 23 and 20 y, respectively, vs. after 28 y with-
out catch-up.

Among women, provided that 80% vaccine coverage was
maintained, the addition of male vaccination resulted in reduc-
tions in CIN2C increasing from 81% to 84% with 20% male

coverage and to 91% with 80% male coverage; reduction in CC
increasing from 88% to 91% with 20% male coverage and to
97% with 80% male coverage (Fig. 6; Table S2). Reductions
achieved through addition of male vaccination at 40% coverage
(87% for CIN2C and 93% for CC) were approximately equiva-
lent to increasing female-only vaccination coverage from 80% to
90% (87% for CIN2C and 94% for CC). If male coverage was
increased to 40% but female coverage decreased to 70%, the
overall reductions achieved were about the same as those for 80%
female-only coverage (82% for CIN2C and 89% for CC).

HPV16/HPV18 infections in males were predicted to
decrease by 74% and 89%, respectively, at 80% female-only cov-
erage, increasing to 87% and 100%, respectively, at 90% female
coverage (Fig. 7A, C). Vaccinating 20–80% of males while
maintaining 80% female coverage was predicted to result in
decreases in male HPV16/HPV18 infection of 83% to 100%
and 97% to 100%, respectively (Table S2). Thus, compared
with 90% female-only coverage, 80% female coverage plus 40%
male coverage resulted in about a 4% further absolute decrease in
male HPV16 infection (91%) and no difference in male HPV18
infection (100%) (Fig. 7B, D). If female vaccination coverage
decreased to 70%, then male vaccination would have to achieve
between 40% and 60% coverage to obtain the same population-
level impact on HPV16 and HPV18 infections in men as 90%
female-only coverage (Table S2).

Discussion
Using assumptions based on published data, we developed a

dynamic model to evaluate the population-level impact of vacci-
nation with CervarixTM based on the most recent efficacy data
available for this vaccine, including against cross-protective HPV
types.6,7 The model was based on UK data because the large
amount of high quality epidemiological data available in the UK
allowed for the simultaneous calibration of the model to 14 dif-
ferent (age-stratified) data sets in order to estimate the type-spe-
cific model parameters in a more robust way.

Our model reproduced well the observed epidemiological
HPV data in the UK12-14 and allowed us to further assess the
population-level impact of various vaccination strategies, includ-
ing UMV scenarios, vaccination of both men and women, and
use of an HPV vaccine with significant cross-protection against
high-risk types.

Model projections indicated that female UMV with 80% vac-
cination coverage with cross-protection against high risk
HPV31/33/45 and the 9 other oncogenic types pooled can result
in notably higher reductions in HPV-related cervical disease, vs.
no cross-protection: 81% vs. 57% for CIN2C and 88% vs. 75%
for CC. The model also projected that catch-up programs can
increase the speed at which disease reductions can be achieved.
For both CC and precancerous lesions, the greatest impact of
catch-up vaccination on reducing incidence during the first deca-
des post-vaccination (see Fig. 5) was with catch-up vaccination
among women aged 16–35 y, illustrating potential effects of
catch-up programs with wider age groups. The impact of the

Figure 3. Impact of vaccination with cross-protection observed for
CervarixTM vs. no cross-protection. Black: CervarixTM with observed cross-
protection for HPV31/33/45 and further 9 oncogenic types pooled (---
using 95% lower limit (LL) and upper limit (UL) estimates for the efficacy
of CervarixTM, respectively); Red: without cross-protection for HPV31/33/
45 and further 9 oncogenic types pooled (--- using 95% LL and UL for
the efficacy of CervarixTM for HPV16 and HPV18, Table 2). The plot shows
the pooled outcome across all the oncogenic HPV types considered in
the model. (A) Percent reduction in CIN2C incidence. (B) Percent reduc-
tion in CC incidence.
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catch-up program is most apparent in the first 40 y post-
vaccination.

The projections for vaccination programs among males and
females vs. females only are particularly noteworthy. For CC
reduction, increasing female coverage from 80% to 90% is
approximately equivalent to 80% female plus 40% male cover-
age. The model projects that 80% female UMV coverage induces
reductions of HPV16 and HPV18 infections in men by 74%
and 89% respectively, by herd protection. Since anal and penile
cancers in men are primarily caused by HPV16/18,15,16 this sug-
gests that female UMV with high coverage can confer substantial
benefits to men, although our model is somewhat limited by
only taking into account heterosexual contacts. A relatively low
coverage in males coupled with reduced coverage in females (for
example 60% in females and 20% in males, see Table S2) may
potentially lead to higher risk of CC. Greater impact of herd pro-
tection on CIN2C for HPV18 vs. HPV16 in our model is likely
due to higher HPV16 transmissibility and faster HPV18 clear-
ance (as estimated by model calibration). The fact that the mean
duration of infection estimated from the model is shorter for
HPV18 than for HPV16 is consistent with estimates of those
durations noted by Trottier et al.17

A major strength of this analysis is that for each HPV type
or group of types considered, the model was simultaneously

calibrated to 14 (age-stratified) epidemiological datasets using
a complex optimization scheme. This is a novelty of the cur-
rent model as compared to prior dynamic models of HPV in
the UK that either used estimates from the literature for the
model parameters11 or selected those sets of parameters for
which the outcomes were the closest to the data observed
among a great amount of scenarios covering different combi-
nations of assumptions.10 The model reproduces data well,
providing a good basis for further projections. Divergence after
age 70 likely reflects more uncertainty in older age groups, for
example, the model assumes constant sexual behavior over
time, which may be less accurate for older age groups. Another
novelty of the model is the use of the most recent type-specific
efficacy data available for CervarixTM against infection and
against CIN2C, while prior models either didn’t account for
cross-protection11 or only used an estimate for all cross-protec-
tive types pooled.10

Our model has limitations. As data accounting simultaneously
for age and HPV type are sparse, we assumed the same HPV age
distributions for each type. Due to uncertainty about progression
and regression rates, point-values for these parameters need to be
estimated by calibration. For evaluation of catch-up vaccination,
we assumed the same vaccine efficacy in older women, however,
it might be lower than in younger women due to past HPV

Table 1. Percentage reduction in the incidence of HPV-associated disease outcomes based on model projections for the base-case of 80% UMV coverage in
females, no vaccination in males and no catch-up vaccination

Percentage reduction in incidence

HPV Type Time post-vaccination (years) HPV infection in women HPV infection in men CIN2C CC

16 25 72.7 52.9 63.9 44.3
18 25 78.1 62.7 70.6 52.7
All* 25 35.7 28.6 58.0 43.9

16 50 84.3 67.4 85.4 76.0
18 50 89.8 79.5 90.1 83.0
All* 50 41.5 35.9 77.0 74.1

16 120 88.2 73.9 90.3 90.4
18 120 95.0 89.4 96.1 95.9
All* 120 43.8 39.5 81.3 88.0

Note: assuming point estimates for vaccine efficacies and lifelong vaccine protection.
All*: all oncogenic HPV types considered in the model.

Table 2. CervarixTM vaccine efficacy values used in the model6,7

Efficacy against HPV infection** Efficacy against CIN2C

Point estimate Lower limit*** Upper limit*** Point Estimate Lower limit*** Upper limit***

HPV16 94.7% 91.8% 96.7% 99.0% 94.2% 100%
HPV18 92.3% 86.5% 96% 99% 94.2% 100%
HPV31 77.1% 67.2% 84.4% 89.4% 65.5% 97.9%
HPV33 43.1% 19.3% 60.2% 82.3% 53.4% 94.7%
HPV45 79.0% 61.3% 89.4% 100% 41.7% 100%
9 HPV types pooled* 12.8% 4.4% 20.6% 51.6% 27.8% 68.1%

All efficacy values from analyses in the total vaccinated HPV-naive cohort; *HPV35/39/51/52/56/58/59/66/68 pooled: previously unpublished efficacy data
originates from the PATRICIA study in the total vaccinated HPV-naive cohort; **6 months persistent infection; ***95% lower and upper confidence limits.
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exposure. In the absence of CervarixTM efficacy data in males, we
assumed similar vaccine efficacies as in females. The model con-
siders only heterosexual contacts, and may therefore to some
extent over-estimate the magnitude of the herd protection in
men induced by female vaccination by not accounting for HPV
transmission between men who only have sex with men. Another
limitation is uncertainty about efficacy for HPV31/33/45 and
the 9 other oncogenic types pooled, addressed through sensitivity
analyses. We assessed outcome sensitivity to duration of vaccine
protection for HPV31/33/45 and the 9 other oncogenic types
pooled, while assuming lifelong protection for HPV16/18, as
supported by sustained efficacy for 6.4 y18 and high HPV16/18
antibody titers for 9.4 y without signs of waning.19 Modeling of
antibody titer data, using the modified power-law and piece-wise

models, predicts that HPV16 and HPV18 antibody titers will be
sustained well above natural infection levels for at least 20 y post-
vaccination.19,20 Assuming 20-y rather than lifelong protection
for the cross-protective types had little impact on the model pro-
jection. Finally, this model focused specifically on vaccination
impact on CC and pre-cancerous lesions and oncogenic HPV
infections, and did not evaluate non-cervical HPV-related
cancers.

Most evaluations of HPV vaccination impact have used static
approaches.9,21 More complex and data-demanding dynamic
models are needed to account for the full vaccination impact,
including herd protection, and to quantify gender-specific

Figure 4. Impact of vaccination with varying UMV coverage. Blue: 70%;
Black: 80% (base-case); Green: 90%; Cyan: 100%. The plot shows the
pooled outcome across all the oncogenic HPV types considered in the
model. (A) Percent reduction in CIN2C incidence. (B) Percent reduction
in CC incidence.

Figure 5. Impact of catch-up vaccination. Black: UMV 80% coverage and
no catch-up (base-case); Blue: UMV 80% coverage and catch-up 50%
coverage in 16–18 y-old; Green: UMV 80% coverage and catch-up 50%
coverage in 16–25 y-old; Cyan: UMV 80% coverage and catch-up 50%
16–35 y-old. The plot shows the pooled outcome across all the onco-
genic HPV types considered in the model. (A) Percent reduction in
CIN2C incidence. (B) Percent reduction in CC incidence.
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reductions in outcomes. Two dynamic compartmental determin-
istic models have projected the HPV vaccination impact in the
UK in addition to screening.10,11 The models differ in HPV
types considered and type groupings. Only ours models individu-
ally both vaccine- and non-vaccine oncogenic types (HPV16/18/
31/33/45 and 9 further oncogenic types pooled), allowing the
model to account for the most recent type-specific CervarixTM

efficacy data. The models also differ in how disease progression,
clearance and natural immunity parameters were estimated. Das-
bach et al.11 and Elbasha et al.22 modeled these parameters based
on values from the literature; Choi et al. considered numerous
parameter combinations and retained only those for which
model-projected age-dependent HPV prevalence and CC

incidence were close to the data.10 We projected vaccination
impact using the parameters for which the model outcomes
simultaneously best fit various age- and type-specific epidemio-
logical data. Type-specific parameters were estimated by solving a
complex optimization problem with parameters constrained by
natural history data.23,24

Our model estimated a relatively short mean duration of natu-
ral immunity (0.9 y) following HPV16/18 infection while Das-
bach et al. estimated 10 y to lifelong.11 Choi et al. evaluated
different values from no to full natural immunity and obtained
better model fits when assuming <3 y duration.10 Approximately
50–70% of women develop antibodies after natural infection
with HPV16 or HPV18.25-27 However, what level of naturally-
acquired antibody provides protection remains uncertain, with
studies so far producing unclear and conflicting results.28-32 It is
not implausible that naturally-acquired antibodies may offer only
short-term protection as estimated in our model. Given the
uncertainty about natural immunity, we have modeled it in a
simple way, assuming that all individuals have a temporary
immunity against type-specific infection after clearing an HPV
infection without having progressed (flowing in the model from
the state “HPV infection (normal)” to the state “Immune tempo-
rary”). The mean duration of natural immunity estimated in the
model should therefore be interpreted as a mean across all indi-
viduals, although some individuals may experience longer dura-
tion of natural immunity than others.

CC model projections for UMV 60 y after introduction of
vaccination and considering CIN2/3 excluding CC at steady state
were produced for comparison with published projections. Our
model projects an extra 16% reduction in CC by cross-protection
60 y post-vaccination, using CervarixTM efficacy data for
HPV31/33/45 and the 9 other oncogenic types pooled, which is
higher than the 5–10% projected by Choi et al.10 assuming 27%
efficacy for all oncogenic non-vaccine types pooled. This high
level of cross-protection for CC is reflected in CervarixTM clinical
trial data showing 93% efficacy against CIN3C irrespective of
HPV type.6 Our model projects reductions of 91% for HPV16/
18 (pooled) CIN2/3 and 91% for CC incidence at steady-state,
relatively close to the 85% and 86% reductions, respectively, pro-
jected by Dasbach et al.11 We also illustrate the additional benefit
induced by herd protection in males, by vaccinating only females.

In conclusion, this dynamic compartmental model pro-
vides important insight into potential effects of HPV vacci-
nation programs on burden of oncogenic HPV infection and
CC in the UK. By accounting for individual protective
effects of CervarixTM against HPV16/18, the 3 next most
common cancer-causing types (HPV31/33/45) and 9 other
oncogenic types pooled, the model projections substantially
strengthen conclusions from previous models about the
important added value of cross-protection for CC preven-
tion. Regarding prevention of CC and HPV16/18 infection
in males, increasing female coverage from 80% to 90%
results in similar benefits to those achieved by 40% coverage
in men, without risking decreased female vaccination cover-
age, which could potentially threaten CC prevention, which
remains the public health priority of HPV vaccination

Figure 6. Impact of vaccinating males and females on CIN2C and CC.
Female vaccination with 80% coverage and varying levels of male vacci-
nation coverage. Black: base-case (no male vaccination); Blue: 40% cover-
age in males; Green: 60% coverage in males; Cyan: 80% coverage in
males. The plot shows the pooled outcome across all the oncogenic HPV
types considered in the model. (A) Percent reduction in CIN2C inci-
dence. (B) Percent reduction in CC incidence.
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programs. The model was employed here in the UK setting
based on epidemiological data availability. However, this
framework could be used to evaluate the impact of
CervarixTM in other countries where appropriate epidemio-
logical data for HPV is available.

Materials and Methods

A deterministic compartmental model of HPV transmission
in females and males was developed. The model is mechanistic,
accounting for HPV natural history, transmission within the
population, and type-specific characteristics. It is also dynamic,
with risk of infection in susceptible individuals, i.e., the force of
infection (specific to HPV type, gender, age and sexual activity),
changing over time with prevalence.

Two dynamic models of HPV in the UK have already been
developed in the past.10,11 However, those models either had a
rather complex structure (number of compartments and flows)
and used estimates from the literature for the model parame-
ters,11,22 or involved a very large amount of computations to esti-
mate those combinations of parameters that best fit the

epidemiological data, using a large num-
ber of scenarios.10 Our approach aimed at
achieving a good balance between realism
and complexity, with a model whose
structure captures the key aspects of HPV
natural history and the impact of screen-
ing and vaccination, while at the same
time keeping enough tractability to esti-
mate the parameters for each single HPV
type or group of types modeled. This
approach allowed us to calibrate the
model for each single type or group of
types modeled to multiple (14) epidemio-
logical data sets. The model was cali-
brated not only to prevalence data prior
to screening, but also simultaneously to
incidence rates of cervical cancer with
screening year-by-year over a period of 10
consecutive years, which has not been
done in the UK thus far. The model also
used type-specific efficacies against HPV
infection and against CIN2C from the
most recent CervarixTM clinical studies,
while Dasbach et al.11 did not assume
any cross-protection and Choi et al.10

used a pooled estimate of efficacy for
cross-protective types (although not for
the base-case).

Our model also explicitly models 2
types of efficacies, against infection and
against CIN2C if infected based on
CervarixTM type-specific efficacies against
those 2 outcomes. While the model by
Dasbach et al.11 assumed 2 different effi-

cacies against infection and against CIN2C, the model by Choi
et al.10 assumed 100% efficacy against vaccine-type HPV
infection.

The model is stratified by gender, age and sexual activity.
There are 80 one-year demographic groups and 8 larger age
groups for sexual contacts (15–19, 20–24, 25–29, 30–34, 35–
39, 40–44, 45–64 and 65–94 y). Regarding demography, we
assumed a steady-state age pyramid. The steady-state age distri-
bution was obtained using age-specific death rates in the UK,33

and model-derived growth rate of 0.28%.34

Sexual activity is stratified by mean number of new sexual
partnerships annually (0, 1, 2, 3–4 and 5C).35 In the model, the
mean number of new sexual partners per year is both gender-
and age-specific,35 and the model stratifies the population both
by age group and by mean number of new sexual partners accord-
ing to the gender- and age-group specific distribution of the
mean number of new sexual partners from the NATSAL study.35

For sexual contacts, mixing is assumed to be a linear combination
of assortative and random mixing for age and sexual activity of
partners, with a proportion eage (respectively esexact) of contacts
with proportionate mixing with respect to age (respectively sexual
activity) and the remaining proportion with assortative mixing.

Figure 7. Impact of vaccinating males and females vs. higher UMV coverage in females on HPV16
and HPV18 infection in males. (A) and (C) Higher coverage in females, no male vaccination: Cover-
age in females: Blue: 70%; Black: 80% (base-case); Green: 90%; Cyan: 100%. (B) and (D) Female and
male vaccination: Coverage 80% female UMV and Black: 0% in males (base-case); Blue: 40% in males;
Green: 60% in males; Cyan: 80% in males. (A) and (B) Percent reduction in HPV16 infection in males;
(C) and (D) Percent reduction in HPV18 infection in males.
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The model was calibrated for HPV-16 for different combinations
of values of eage and esexact in a plausible range supported by the
available literature. We further selected the one giving the best fit
across all data sets, with eage D 0.5 and esexact D 0.5 (as evaluated
with the sum of squares), for the calibration of all HPV types/
groups of types and the projection of the outcomes. The popula-
tions of each gender, age group and sexual activity group are sub-
divided into mutually exclusive disease states: Susceptible, HPV-
infected (normal), Temporarily protected against new HPV
infection by the same HPV type, CIN1, CIN2, CIN3, CC or
CC-cured, and Vaccination status. Individuals flow through
states according to the force of infection and estimated clearance
rates, waning of natural immunity, and cervical disease progres-
sion/regression. In the model, individuals who are in given infec-
tion/disease state remain in the same sexual activity class as long
as they remain in the same sexual activity age group (e.g., one of
the 8 age groups related to mixing). However, every time individ-
uals flow (by aging) from one of those 8 mixing age groups to the
next mixing age group, they are redistributed to the compart-
ments of the different sexual activity sub-groups of the same dis-
ease/infection state according to distribution of those sub-groups
in this new mixing age group.

The model compartments for non-vaccinated females and the
flows between those compartments are represented in Figure 8.
In males, there are only 3 of those compartments in the model
(Susceptible, HPV Infection (normal), and Immune (tempo-
rary)), with their related flows. There are similar specific com-
partments and flows for vaccinated individuals in the model.
Regarding clearance from CIN states, we assume that 50% who
clear a CIN go back to the HPV Infection state while the remain-
ing 50% go back to the Susceptible state.

In the absence of evidence of interactions between infections
with different types, each of the 5 following HPV types were
modeled individually (16/18/31/33/45) as they are the most
common cancer-causing types in the UK. Nine other oncogenic

types (35/39/51/52/56/58/59/66/68) for which CervarixTM has
shown some cross-protection as well were modeled pooled and
estimates of the pooled CervarixTM efficacies against HPV infec-
tion and CIN2C were used for those 9 types. In order to model
the 9 other oncogenic types (35/39/51/52/56/58/59/66/68)
pooled without artificially having a pooled type, we calibrated
the model with a single set of natural history parameters vs. the
mean observed data across all 9 types. The pooled efficacy for the
9 types pooled (Table 2) was used to project the impact of vacci-
nation, then the 9 corresponding outcomes were summed up in
the outcomes shown. Overall, all the HPV types considered in
the model account for 100% of cervical cancer in the UK prior
to vaccination.13 All the other oncogenic types were not consid-
ered in the model.

Table S3 shows the HPV prevalence in women with normal
cytology, low-grade lesions, high-grade lesions and cervical can-
cer by type13 that are either modeled individually (HPV16/18/
31/33/45) or modeled pooled (9 types pooled) or not modeled
(all low-risk types). Only those types for which samples
were tested and data reported in the 2007 WHO report13 are
included, as specified in the table footnotes. HPV6/11 were
detected in 7.3% of low grade-lesions and 0.4% of high-grade
lesions. Based on testing of only 94 high-grade lesions, other
low-risk types were detected in 11.7% of high-grade lesions due
primarily to HPV73 (prevalence 10.6%). More recent data based
on testing of 2,132 high-grade lesions showed 2.2% HPV73
prevalence among high-grade lesions.36

The HPV type distributions across all age groups are used,13

and the same age-specific distributions are used for each type or
group of types considered. CC screening and treatment are
accounted for by adjusting natural regression rates from the 3
CIN states accordingly, based on time-varying age-specific
screening coverage rates from the cytology-based screening pro-
gram in the UK, screening sensitivity and percentage successfully
treated. The sensitivity of the test to CIN1, CIN2 and CIN3, the
percentage of detected CINs who are treated and the percentage
of successful treatments are given in Supplemental Table 4. We
accounted in the model for the changes in screening rates and tar-
geted age groups over time.37

The model considers 2 types of vaccination effects based on
HPV type-specific CervarixTM efficacy. The efficacy against HPV
infection (Einfection) is modeled as a reduction in the rate at which
susceptible individuals are infected and the residual efficacy
against CIN2C if nevertheless infected (Eresidual) is modeled as a
reduction in the rate of progressing from the CIN1 state to
CIN2 state. The efficacy values used for Einfection represent vac-
cine efficacy against infection, and were based on observed effi-
cacy against persistent infection as these were the closest available
data. The efficacy values used for Eresidual represent residual effi-
cacy against CIN2C if nevertheless infected (assumed to decrease
CIN1 to CIN2 progression rate in the model), and were derived
from the efficacy against persistent infection and the efficacy
against CIN2C as follows, assuming the 2 types of effects are
multiplicative: Eresidual D 1 – ((1 – ECIN2C)/(1 – Einfection)). For
example, for HPV33, the point estimates of the efficacy of
CervarixTM are 43.1% against infection and 82.3% against

Figure 8. Disease states and flows (HPV type specific) in females for the
different oncogenic types considered in the model, either individually or
pooled.
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CIN2C (Table 2),6,7 i.e., Einfection D 0.431 and ECIN2C D 0.823
for HPV33. Hence the risk ratios in females who are vaccinated
vs. those who are not are RRinfection D 1 – 0.431 D 0.569 and
RRCIN2C D 1 – 0.823 D 0.177 against infection and CIN2C
respectively. The formula above simply assumes that the risk ratio
for CIN2C is the product of risk ratios against infection and
against CIN2C conditional on being infected RRresidual, i.e.,
RRCIN2C D RRinfection £ RRresidual, hence RRresidual D RRCIN2C/
RRinfection D (1 – 0.823) / (1 – 0.431)D 0.311. Hence, the resid-
ual efficacy estimate is Eresidual D 1 – RRresidual D 1 – 0.311 D
0.689 D 68.9%.

Vaccination efficacies against infection and CIN2C are
based on up-to-date CervarixTM data (Table 2).6,7 Previously
unpublished efficacy for the 9 other oncogenic HPV types
pooled originates from the PATRICIA study in the total vac-
cinated HPV-naive cohort (using conditional exact method)
(Table 2). Those type-specific efficacies (individually or
pooled for the 9 other types) were not used in prior HPV
dynamic models in the UK.

Model calibration to epidemiological data prior
to vaccination

For each HPV type or group of types considered in the model,
18 parameters were estimated from calibration (Table S1).
Model outcomes were simultaneously calibrated to 14 (age-strati-
fied) data sets representing: age and type-specific prevalence of
HPV infection, CIN1, CIN2 and CIN3, all pre-screening
(Fig. 1)12 age and type-specific incidence of cervical cancer yearly
in England from 1997–2006 (Fig. 2).14 As the prevalences of
infection, CIN1, CIN2 and CIN3 from12 and the incidences of
cervical cancer from14 were reported pooled across all HPV types,
those prevalences and incidences were split for calibration pur-
poses between the different oncogenic HPV types (or group of
types) considered in the model based on the type-specific preva-
lences in the UK prior to vaccination for the different kinds of
outcomes.13 As an illustration, Figure 1 presents the derived age-
specific prevalences for HPV16 for all HPV infections (Fig. 1A,
curve with blue circles), normal-cytology HPV infections
(Fig. 1A, curve with red circles), CIN1 (Fig. 1B, red curve),
CIN2 (Fig. 1C, red curve), CIN3 (Fig. 1D, red curve). Figure 2
presents the derived age-specific incidence of cervical cancer for
HPV16, year by year over a 10-y period between 1997 and 2006
(Fig. 2, red curves). Note that the data observed for cervical can-
cer in 1997–2006 already account for the successful impact of
the screening program on cervical cancer. More precisely, for
each HPV type or group of types considered in the model, the
model parameters were estimated by optimization, by minimiz-
ing simultaneously the weighted sum of squares of the differences
between the outcomes projected by the model and the outcomes
observed, across the 14 datasets and age groups. Weights were
used to carry out a normalization of the data sets, using ratios of
medians of the different data sets (across age groups). Due to var-
iability of published male HPV prevalence estimates, model out-
comes for male HPV prevalence were not calibrated to age-
specific data, however, the ratio males:females for overall HPV
prevalence was constrained for calibration to be between 0.4 and

1.6, based on evidence that prevalence is quite similar between
genders.38-41

For each HPV type or group of types considered, the best fit
model parameters were used to evaluate population-level impact
of the following vaccination scenarios:

� UMV of females only at age 15 y (first year for which sexual
contact data are available) at 60–100% coverage, with 80%
coverage used as base-case

� UMV of females only with catch-up at 50% coverage over 2
consecutive years for ages up to 18, 25, and 35 y

� UMV of females at 60–80% coverage and males at 20–80%
coverage.

The contribution of cross-protection against HPV31/33/45
and the 9 other oncogenic types pooled to prevention of CIN2C
and CC was assessed for the base-case (80% UMV in females
only). We evaluated the additional benefit induced by herd pro-
tection for CIN2C by comparing model-projected reduction in
CIN2C incidence for HPV16/18 at post-vaccination steady-state
with the reduction by direct effect only, computed as the product
of vaccine efficacy against CIN2C by vaccination coverage.

We assessed the sensitivity of outcomes to mean duration of
vaccine protection by assuming instead of lifelong vaccine protec-
tion for all oncogenic types (base-case), a lifelong vaccine protec-
tion for HPV16/18 and shorter mean duration of vaccine
protection for HPV31/33/45 and the 9 other oncogenic types
pooled. Sensitivity analysis was conducted using mean duration
of vaccine protection (d) of 20, 30 or 50 y for HPV31/33/45 and
the 9 pooled oncogenic types, and by modeling waning of vac-
cine protection either using age-specific efficacies (Einfection and
Eresidual) for HPV31/33/45 and the other 9 oncogenic types
pooled that drop to zero after d years (i.e., when individuals enter
the age group 15 C d), or assuming for HPV31/33/45 and the
other 9 oncogenic types pooled that individuals flow back from
the vaccinated states to their corresponding non-vaccinated state
at a constant rate of 1/d. Computations were performed in Mat-
lab (version 2013a).

Disclosure of Potential Conflicts of Interest

TP Van Effelterre, SM Taylor and C Hogea are all employees
of the GSK group of companies and hold shares in GSK Vaccines
as part of their employee remuneration.

Acknowledgments

The authors would like to thank Nadia Demarteau,
Georges Van Kriekinge, Edith Roset Bahmanyar and Lau-
rence Baril (all employed by the GSK group of companies at
the time of model development) for their contributions to
the model; Frank Struyf and Marie-Pierre David (employed
by the GSK group of companies) for their valuable contribu-
tion to additional analysis performed on efficacy data from
PATRICIA study; members of the PATRICIA Study Group
for their contribution to the study. Medical writing support

www.tandfonline.com 17Human Vaccines & Immunotherapeutics



was provided by Anna Dow (freelance, New York, USA);
editing and publication co-ordinating services were provided
by Veronique Delpire and Mandy Payne (Words & Science,
Brussels, Belgium).

Funding

This work was supported by GlaxoSmithKline Biologicals
SA. All costs related to the development of this manuscript
were met by GlaxoSmithKline Biologicals SA.

Trademark

Cervarix is a trademark of the GSK group of companies.
Gardasil is a trademark of subsidiary of Merck & Co., Inc.

Supplemental Material

Supplemental data for this article can be accessed on the
publisher’s website.

References

1. Walboomers JM, Jacobs MV, Manos MM, Bosch FX,
Kummer JA, Shah KV, Snijders PJ, Peto J, Meijer CJ,
Mu~noz N. Human papillomavirus is a necessary cause
of invasive cervical cancer worldwide. J Pathol 1999;
189:12-9; PMID:10451482; http://dx.doi.org/
10.1002/(SICI)1096-9896(199909)189:1%3c12::
AID-PATH431%3e3.0.CO;2-F

2. Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates
of cancer incidence and mortality in Europe in 2008.
Eur J Cancer 2010; 46:765-81; PMID:20116997;
http://dx.doi.org/10.1016/j.ejca.2009.12.014

3. Smith JS, Lindsay L, Hoots B, Keys J, Franceschi S,
Winer R, Clifford GM. Human papillomavirus type
distribution in invasive cervical cancer and highgrade
cervical lesions: a meta-analysis update. Int J Cancer
2007; 121:621-32; PMID:17405118; http://dx.doi.
org/10.1002/ijc.22527

4. Paavonen J, Jenkins D, Bosch FX, Naud P, Salmer�on J,
Wheeler CM, Chow SN, Apter DL, Kitchener HC,
Castellsague X, et al. HPV PATRICIA study group.
Efficacy of a prophylactic adjuvanted bivalent L1 virus-
like-particle vaccine against infection with human pap-
illomavirus types 16 and 18 in young women: an
interim analysis of a phase III double-blind, rando-
mised controlled trial. Lancet 2007; 369:2161-70;
PMID:17602732; http://dx.doi.org/10.1016/S0140-
6736(07)60946-5

5. Ault KA; Future II Study Group. Effect of prophylactic
human papillomavirus L1 virus-like-particle vaccine on
risk of cervical intraepithelial neoplasia grade 2, grade
3, and adenocarcinoma in situ: a combined analysis of
four randomised clinical trials. Lancet 2007; 369:1861-
8; PMID:17544766; http://dx.doi.org/10.1016/
S0140-6736(07)60852-6

6. Lehtinen M, Paavonen J, Wheeler CM, Jaisamrarn U,
Garland SM, Castellsagu�e X, Skinner SR, Apter D,
Naud P, Salmer�on J, et al. HPV PATRICIA Study
Group. Overall efficacy of HPV-16/18 AS04- adju-
vanted vaccine against grade 3 or greater cervical intrae-
pithelial neoplasia: 4-year end-of-study analysis of the
randomised, double-blind PATRICIA trial. Lancet
Oncol 2012; 13:89-99; PMID:22075171; http://dx.
doi.org/10.1016/S1470-2045(11)70286-8

7. Wheeler CM, Castellsagu�e X, Garland SM, Szarewski
A, Paavonen J, Naud P, Salmer�on J, Chow SN, Apter
D, Kitchener H, et al. HPV PATRICIA Study Group.
Cross-protective efficacy of HPV-16/18 AS04-adju-
vanted vaccine against cervical infection and precancer
caused by non-vaccine oncogenic HPV types: 4-year
end-of-study analysis of the randomised, double-blind
PATRICIA trial. Lancet Oncol 2012; 13:100-10;
PMID:22075170; http://dx.doi.org/10.1016/S1470-
2045(11)70287-X

8. Department of Health. Annual HPV vaccine coverage
in England in 2009–2010. Available at http://www.dh.
gov.uk/prod_consum_dh/groups/dh_digitalassets/docu
ments/digitalasset/dh_123826.pdf. Accessed May 11,
2011

9. Kim JJ, Brisson M, Edmunds WJ, Goldie SJ. Modeling
cervical cancer prevention in developed countries. Vac-
cine 2008; 26(Suppl 10):K76-86; PMID:18847560;
http://dx.doi.org/10.1016/j.vaccine.2008.06.009

10. Choi YH, Jit M, Gay N, Cox A, Garnett GP, Edmunds
WJ. Transmission dynamic modelling of the impact of
human papillomavirus vaccination in the United King-
dom. Vaccine 2010; 28:4091-102; PMID:19909831;
http://dx.doi.org/10.1016/j.vaccine.2009.09.125

11. Dasbach EJ, Insinga RP, Elbasha EH. The epidemio-
logical and economic impact of a quadrivalent human
papillomavirus vaccine (6/11/16/18) in the UK. BJOG
2008; 115:947-56; PMID:18503574; http://dx.doi.
org/10.1111/j.1471-0528.2008.01743.x

12. Peto J, Gilham C, Deacon J, Taylor C, Evans C, Binns
W, Haywood M, Elanko N, Coleman D, Yule R, et al.
Cervical HPV infection and neoplasia in a large popu-
lation-based prospective study: the Manchester cohort.
Br J Cancer 2004; 91:942-53; PMID:15292939

13. WHO/ICO Information Centre on Human Papilloma
Virus and Cervical Cancer. Summary report on HPV
and cervical cancer statistics in United Kingdom. 2007

14. Office of National Statistics (United Kingdom). Cancer
statistics registrations. Registrations of cancer diag-
nosed, England. 1997–2006

15. Hoots BE, Palefsky JM, Pimenta JM, Smith JS.
Human papillomavirus type distribution in anal cancer
and anal intraepithelial lesions. Int J Cancer 2009;
124:2375-83; PMID:19189402; http://dx.doi.org/
10.1002/ijc.24215

16. Backes DM, Kurman RJ, Pimenta JM, Smith JS. Sys-
tematic review of human papillomavirus prevalence in
invasive penile cancer. Cancer Causes Control 2009;
20:449-57; PMID:19082746; http://dx.doi.org/
10.1007/s10552-008-9276-9

17. Trottier H, Mahmud S, Prado JC, Sobrinho JS, Costa
MC, Rohan TE, Villa LL, Franco EL. Typespecific
duration of human papillomavirus infection: implica-
tions for human papillomavirus screening and vaccina-
tion. J Infect Dis 2008; 197:1436-47;
PMID:18419547; http://dx.doi.org/10.1086/587698

18. Romanowski B, de Borba PC, Naud PS, Roteli-Mar-
tins CM, De Carvalho NS, Teixeira JC, Aoki F, Ram-
jattan B, Shier RM, Somani R, et al. GlaxoSmithKline
Vaccine HPV-007 Study Group. Sustained efficacy and
immunogenicity of the human papillomavirus (HPV)-
16/18 AS04-adjuvanted vaccine: analysis of a rando-
mised placebo-controlled trial up to 6.4 years. Lancet
2009; 374:1975-85; PMID:19962185; http://dx.doi.
org/10.1016/S0140-6736(09)61567-1

19. Naud PS, Roteli-Martins CM, De Carvalho NS, Teix-
eira JC, de Borba PC, Sanchez N, Zahaf T, Catteau G,
Geeraerts B, Descamps D. Sustained efficacy, immuno-
genicity, and safety of the HPV-16/18 AS04-adju-
vanted vaccine: Final analysis of a long-term follow-up
study up to 9.4 years post-vaccination. Hum Vaccines
Immunother 2014; 10:2147-62; PMID:25424918;
http://dx.doi.org/10.4161/hv.29532

20. David MP, Van Herck K, Hardt K, Tibaldi F, Dubin
G, Descamps D, Van Damme P. Long-term persistence
of anti-HPV-16 and -18 antibodies induced by vaccina-
tion with the AS04-adjuvanted cervical cancer vaccine:
modeling of sustained antibody responses. Gynecol
Oncol 2009; 115(Suppl):S1-6; PMID:19217149;
http://dx.doi.org/10.1016/j.ygyno.2009.01.011

21. Newall AT, Beutels P, Wood JG, Edmunds WJ, Mac-
Intyre CR. Cost-effectiveness analyses of human papil-
lomavirus vaccination. Lancet Infect Dis 2007; 7:289-

96; PMID:17376386; http://dx.doi.org/10.1016/
S1473-3099(07)70083-X

22. Elbasha EH, Dasbach EJ, Insinga RP. Model for assess-
ing human papillomavirus vaccination strategies.
Emerg Infect Dis 2007; 13:28-41; PMID:17370513;
http://dx.doi.org/10.3201/eid1301.060438

23. Insinga RP, Dasbach EJ, Elbasha EH. Epidemiologic
natural history and clinical management of Human
Papillomavirus (HPV) Disease: a critical and systematic
review of the literature in the development of an HPV
dynamic transmission model. BMC Infect Dis 2009;
9:119; PMID:19640281; http://dx.doi.org/10.1186/
1471-2334-9-119

24. Jit M, Gay N, Soldan K, Hong Choi Y, Edmunds WJ.
Estimating progression rates for human papillomavirus
infection from epidemiological data. Med Decis Mak-
ing 2010; 30:84-98; PMID:19525483; http://dx.doi.
org/10.1177/0272989X09336140

25. Carter JJ, Koutsky LA, Hughes JP, Lee SK, Kuypers J,
Kiviat N, Galloway DA. Comparison of human papil-
lomavirus types 16, 18, and 6 capsid antibody
responses following incident infection. J Infect Dis
2000; 181:1911-9; PMID:10837170; http://dx.doi.
org/10.1086/315498

26. Kirnbauer R, Hubbert NL, Wheeler CM, Becker TM,
Lowy DR, Schiller JT. A virus-like particle enzyme-
linked immunosorbent assay detects serum antibodies
in a majority of women infected with human papillo-
mavirus type 16. J Natl Cancer Inst 1994; 86:494-9;
PMID:8133532; http://dx.doi.org/10.1093/jnci/
86.7.494

27. Viscidi RP, Kotloff KL, Clayman B, Russ K, Shapiro S,
Shah KV. Prevalence of antibodies to human papillo-
mavirus (HPV) type 16 virus-like particles in relation
to cervical HPV infection among college women. Clin
Diagn Lab Immunol 1997; 4:122-6; PMID:9067643

28. Ho GY, Studentsov Y, Hall CB, Bierman R, Beardsley
L, Lempa M, Burk RD. Risk factors for subsequent cer-
vicovaginal human papillomavirus (HPV) infection and
the protective role of antibodies to HPV-16 virus-like
particles. J Infect Dis 2002; 186:737-42;
PMID:12198606; http://dx.doi.org/10.1086/342972

29. Olsson SE, Kjaer SK, Sigurdsson K, Iversen OE, Her-
nandez-Avila M, Wheeler CM, Perez G, Brown DR,
Koutsky LA, Tay EH, et al. Evaluation of quadrivalent
HPV 6/11/16/18 vaccine efficacy against cervical and
anogenital disease in subjects with serological evidence
of prior vaccine type HPV infection. Hum Vaccin
2009; 5:696-704; PMID:19855170; http://dx.doi.org/
10.4161/hv.5.10.9515

30. Safaeian M, Porras C, Schiffman M, Rodriguez AC,
Wacholder S, Gonzalez P, Quint W, van Doorn LJ,
Sherman ME, Xhenseval V, et al. Costa Rican Vaccine
Trial Group. Epidemiological study of anti- HPV16/
18 seropositivity and subsequent risk of HPV16 and
-18 infections. J Natl Cancer Inst 2010; 102:1653-62;
PMID:20944077; http://dx.doi.org/10.1093/jnci/
djq384

31. Viscidi RP, Schiffman M, Hildesheim A, Herrero R,
Castle PE, Bratti MC, Rodriguez AC, Sherman ME,
Wang S, Clayman B, et al. Seroreactivity to human
papillomavirus (HPV) types 16, 18, or 31 and risk of
subsequent HPV infection: results from a population-
based study in Costa Rica. Cancer Epidemiol

18 Volume 12 Issue 1Human Vaccines & Immunotherapeutics

http://www.tandfonline.com/khvi
http://www.tandfonline.com/khvi
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_123826.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_123826.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_123826.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_123826.pdf


Biomarkers Prev 2004; 13:324-7; PMID:14973086;
http://dx.doi.org/10.1158/1055-9965.EPI-03-0166

32. Viscidi RP, Snyder B, Cu-Uvin S, Hogan JW, Clayman
B, Klein RS, Sobel J, Shah KV. Human papillomavirus
capsid antibody response to natural infection and risk
of subsequent HPV infection in HIV-positive and
HIV-negative women. Cancer Epidemiol Biomarkers
Prev 2005; 14:283-8; PMID:15668510

33. WHO. World Health Organization Life Tables for
the United Kingdom, 2006. Available at http://www.
who.int/gho/mortality_burden_disease/life_tables/
life_tables/en/. Accessed 2012

34. Hethcote HW. An age-structured model for pertussis
transmission. Math Biosci 1997; 145:89-136;
PMID:9309930; http://dx.doi.org/10.1016/S0025-
5564(97)00014-X

35. National Centre for Social Research et al. National
Survey of Sexual Attitudes and Lifestyles II, 2000–
2001 [computer file]. Colchester, Essex: UK Data

Archive [distributor], August 2005. SN: 5223; http://
dx.doi.org/10.5255/UKDA-SN-5223-1

36. Bruni L, Brotons M, Barrionuevo-Rosas L, Serrano B,
Cosano R, Munoz J, Bosch FX, de Sanjose S, Castell-
sague X. ICO Information Centre on HPV and Cancer
(HPV Information Centre). Human Papillomavirus
and Related Diseases in United Kingdom. Summary
Report 2014-03-17. Accessed 2014-03-22

37. Peto J, Gilham C, Fletcher O, Matthews FE. The cervi-
cal cancer epidemic that screening has prevented in the
UK. Lancet 2004; 364:249-56; PMID:15262102;
http://dx.doi.org/10.1016/S0140-6736(04)16674-9

38. Shin HR, Franceschi S, Vaccarella S, Roh JW, Ju YH,
Oh JK, Kong HJ, Rha SH, Jung SI, Kim JI, et al. Prev-
alence and determinants of genital infection with papil-
lomavirus, in female and male university students in
Busan, South Korea. J Infect Dis 2004; 190:468-76;
PMID:15243918; http://dx.doi.org/10.1086/421279

39. Stone KM, Karem KL, Sternberg MR, McQuillan
GM, Poon AD, Unger ER, Reeves WC. Seroprevalence
of human papillomavirus type 16 infection in the
United States. J Infect Dis 2002; 186:1396-402;
PMID:12404154; http://dx.doi.org/10.1086/344354

40. Vaccarella S, Lazcano-Ponce E, Castro-Gardu~no JA,
Cruz-Valdez A, D�ıaz V, Schiavon R, Hern�andez P,
Kornegay JR, Hern�andez-Avila M, Franceschi S. Preva-
lence and determinants of human papillomavirus infec-
tion in men attending vasectomy clinics in Mexico. Int
J Cancer 2006; 119:1934-9; PMID:16708372; http://
dx.doi.org/10.1002/ijc.21992

41. Van Doornum GJ, Prins M, Juffermans LH, Hooykaas
C, van den Hoek JA, Coutinho RA, Quint WG.
Regional distribution and incidence of human papillo-
mavirus infections among heterosexual men and
women with multiple sexual partners: a prospective
study. Genitourin Med 1994; 70:240-6;
PMID:7959707

www.tandfonline.com 19Human Vaccines & Immunotherapeutics

http://www.who.int/gho/mortality_burden_disease/life_tables/life_tables/en/
http://www.who.int/gho/mortality_burden_disease/life_tables/life_tables/en/
http://www.who.int/gho/mortality_burden_disease/life_tables/life_tables/en/

