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Background. Decreasing human papillomavirus (HPV) vaccine prices makes scaling up of vaccination pro-
grams attractive for countries that initially targeted 1 or a few birth cohorts of girls and/or achieved low coverage.
This article aims to compare the impact of alternative HPV vaccination strategies, using data from Sweden, a high-
income country that has experienced vaccine price changes.

Methods. Using an HPV transmission model, we compared the existing vaccination program to alternatives,
accounting for a 1-time catch-up vaccination of 22–26-year-old women, with or without routine vaccination of
school-age boys, and for a 1-time catch-up vaccination of males aged 13–26 years. We also assessed the resilience
of vaccination alternatives to coverage reduction.

Results. On the basis of an HPV16/18 prevalence of 12% before the HPV vaccine era, extended catch-up vac-
cination for females and males yielded relative reductions in the HPV prevalence of 49.4% and 55.6%, respectively,
during the first 10 years after the start of each vaccination strategy, whereas the existing program yielded a relative
reduction of 38.6% during the same period. The increased prevalence reduction due to catch-up vaccination con-
tinued for about 30 years. As compared to female-only routine and extended catch-up vaccination, routine vaccina-
tion of males with or without catch-up was, respectively, 12.6-fold and 7.2-fold more resilient to coverage reduction.

Conclusions. Vaccination strategies based on catch-up vaccination of females and males are effective for accel-
erating HPV prevalence reduction. Inclusion of routine male vaccination improves the resilience of vaccination
programs.

Keywords. human papillomavirus vaccination; gender neutral; catch-up; resilience; coverage reduction.

The target population of human papillomavirus (HPV)
vaccination programs in high-income countries varies
between countries, with vaccination of both sexes imple-
mented inAustralia, Austria, Canada, and theUnited States
[1, 2]. A key issue is whether an extension of existing vac-
cination programs should primarily aim for increased vac-
cination of girls and young women (improving coverage

and/or extending the target age ranges) and/or whether
programs should be extended to boys [2]. The steady
decrease in HPV vaccine prices makes scaling up attrac-
tive for high-income countries that initially targeted
only 1 or a few birth cohorts of girls and/or achieved
low coverage.

The success of a vaccination program is closely linked
to the sustainability of the program, public opinion of
health interventions, and resilience (ie, the propensity
to maintain high effectiveness) to conditions that might
undermine vaccination coverage. Mathematical models
are convenient to investigate counterfactually the poten-
tial for mitigation strategies devised to improve the re-
silience of vaccination programs [3, 4]. By using real-life
input data from Sweden and focusing on viral end
points (ie, detection of HPV types directly targeted by
the vaccines), which are the earliest indicators of the
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impact of an effective program, characteristics of different vac-
cination strategies, including their resilience, can be examined.

Decreases in vaccination coverage or performances of infec-
tion prevention programs have repeatedly occurred as a result of
targeted antivaccination campaigns [5, 6], trends in social pref-
erences toward vaccination [7], or reduced public health efforts
for infection prevention programs [8, 9], despite robust program
funding. Reversing the effects of impaired infection prevention
can take several years and can cost significantly more than initial-
ly allocated to the prevention program. For example, New York
City spent more than $1 billion to curb a tuberculosis epidemic
in the 1990s that was largely attributable to reduced public
health efforts to prevent tuberculosis [10]. Mitigation strategies
have been proposed as effective and cost-saving measures to
prevent infections with pandemic potential, such as influenza
[3, 4, 11].

The bivalent and quadrivalent HPV vaccines were made
commercially available in 2007 for girls aged 13–17 years at a
subsidized price in Sweden. Until 2012, vaccination was oppor-
tunistic, meaning that individuals had to seek and request vac-
cination from their primary care physician or a vaccination
center [12].Toward the end of the opportunistic vaccination pe-
riod, coverage with ≥1 dose was 31.9% among women aged 18–
19 years and 24.7% among females aged 13–17 years [13]. In
2012, organized school-based vaccination on a 3-dose schedule
began targeting girls aged 10–12 years, with catch-up vaccina-
tion of females aged 13–18 years. By 2014, coverage with ≥1
dose was 82.14% for the first cohort of girls in the school-
based program and 58.52% for females targeted in the catch-
up program [14]. The vaccine price obtained in the tender of
the organized program was <20% of the price when the vaccine
was first introduced.

The aim of this article is to compare the impact of different
HPV vaccination strategies, using real-life input data from Swe-
den, a high-income country that comprehensively registers data
relevant for HPV infection prevention and has experienced vac-
cine price changes. A particular focus is given to exploring
whether extended vaccination strategies would result in an in-
creased resilience of programs.

METHODS

HPV Transmission Model and Study Population
The transmission dynamic model of HPV infection used in the
present article has been already described [15, 16]. Briefly, it is a
population-based single-type model, which accounts for the
presence of males and females susceptible to, infected with,
and immune to HPV infection. The model’s output was fitted
to the age group–specific (range, 15–19 to 40–44 years) preva-
lence curves of cervical HPV16, HPV18, HPV31, HPV33,
HPV45, HPV52, and HPV58 infections (Supplementary Fig-
ure 1), which were obtained from a large series of women tested

within the Swedish Chlamydia trachomatis screening program
between March and November 2008 [17]. HPV types were
identified using polymerase chain reaction, followed by matrix-
assisted laser desorption ionization–time of flight mass spec-
trometry. Detailed analytical methods have been previously
reported [17]. Type-specific HPV infections were modeled sep-
arately as independent infections [18–20].A total of 100 000 sets
of parameter values were generated by independently sampling
a uniform distribution for each parameter within a prespecified
range of values [15]. Each set of values was used to generate a
model-based type- and age-specific prevalence curve. Finally,
for each HPV type, we calculated the binomial log-likelihood
to assess the fit of each model’s output to the above-mentioned
age-specific prevalence [15, 16]. For the present article, we se-
lected, for each HPV type, the 10 model-generated curves that
fitted the observed data best, projected the consequences of in-
troducing different vaccination strategies, and reported the me-
dian values across each set of 10 projections as a summary
measure of vaccination influence.

Vaccine Efficacy (VE)
We report the impact of vaccination for bivalent and quadriva-
lent vaccines, with 95% and 92% VE against persistent infection
due to HPV16 and HPV18, respectively [21]. VE against
HPV16 persistent infection among boys was assumed to be
79% for all vaccines [22].Owing to the lack of accurate estimates
among males, for all other types, VE was assumed to be the
same for both sexes. The duration of prophylactic HPV VE
against HPV16 and HPV18 is approaching 10 years, but wheth-
er cross-protection will be equally long lasting is unclear [21].
Therefore, we did not consider cross-protection in our esti-
mates. In the Supplementary Materials, we report the estimated
impact of nonavalent vaccine against HPV16/18/31/33/45/52/
58 infection, with 95%, 92%, and 96% VE against HPV16,
HPV18, and HPV31/33/45/52/58, respectively [23].

Vaccination Strategies: Base Case and Alternative Options
The base case, strategy 1, represents the current Swedish orga-
nized vaccination program initiated in 2012 and serves as the
reference strategy when comparing extensions of the program
(Figure 1A). The current vaccination program targets girls
only. Specifically, organized school-based vaccination covers
girls aged 11–12 years, with an estimated 2-dose coverage in
2014 of 80.5%, and a catch-up effort aimed at vaccinating fe-
males aged 13–18 years achieved a 2-dose coverage of 53.2% in
2014 (which is a slight decrease from ≥1 dose coverage [P.
Sparén, personal communication]) [14]. Therefore, strategy 1
was modeled as routine vaccination of 11-year-old girls, with
coverage of 80.5% among 12-year-old girls and 53.2% among
13–18-year-old females during the first year. Coverage for a 2-
dose schedule was chosen for the model because this is in line
with upcoming changes to the Swedish vaccination program
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and updated guidance from the World Health Organization
[24, 25].

We assessed the effectiveness of 3 alternative vaccination op-
tions and compared them to that in the base case (Table 1 and
Figure 1). In the first alternative option (strategy 2), routine vac-
cination of school-age girls and catch-up vaccination of females
aged 13–18 years was combined with extended 1-time catch-up
vaccination of women aged 22–26 years in 2015 (Figure 1B).
Routine vaccination of school-age boys was added to the routine
and extended 1-time catch-up vaccination of females in strategy
3 (Figure 1C). Finally, in strategy 4, routine vaccination of
school-age boys, as well as 1-time extended catch-up vaccina-
tion of males, was added to routine and extended catch-up vac-
cination of females (Figure 1D).

Quantitative Analyses
For each of the 4 simulated vaccination strategies, we present (1)
the percentage reduction attributable to vaccination (RAV) in
the prevalence of vaccine-specific HPV types among women
aged 15–35 years, overall and by birth cohort, relative to the
prevalence in the base scenario; (2) the expected HPV16/18
prevalence for each vaccination option and the absolute

increase in the reduction of the HPV16/18 prevalence (ie, the
percentage RAV difference) among the 3 alternative vaccination
strategies as compared to the base case; (3) the relative cumula-
tive number of vaccine doses, compared with the base case, for
each alternative vaccination strategy over time since the vaccina-
tion program started; and (4) the resilience over time of each
vaccination strategy after experiencing a temporary reduction
of the vaccination program coverage.

For each vaccination option, resilience was calculated as the
difference in percentage RAV estimated with and without tem-
porary coverage reduction. To model a temporary reduction of
the coverage within an existing routine vaccination program, we
decreased the coverage of routine vaccination by 50% for the 5-
year period between 13 and 18 years after the start of the vac-
cination program (ie, during 2025–2029).

RESULTS

Reduction of HPV Prevalence Attributable to Vaccination
The percentage RAV of the HPV16/18 prevalence, by vaccina-
tion strategy, is shown in Figure 2 and can be described as the

Figure 1. Base case and alternative vaccination strategies, by sex, age and year of vaccination, and birth-cohort immunization status. A, Base case
among females. Solid lines, routine vaccination program with a 2-dose coverage of 80.50%; dot-dashed line, catch-up vaccination program with a 2-
dose coverage of 80.50% (1-time catch-up); dashed lines, catch-up vaccination program with a 2-dose coverage of 53.25% (1-time catch-up); dots,
time of vaccination. B, Extended catch-up vaccination among females. Solid lines, routine vaccination program with a 2-dose coverage of 80.50%; dot-
dashed line, catch-up vaccination with a 2-dose coverage of 80.50% (1-time catch-up); dashed lines, catch-up vaccination program with a 2-dose coverage
of 53.25% (1-time catch-up); short dashed lines, extended catch-up vaccination program with a 2-dose coverage of 80.50% (1-time catch-up); dots, time of
vaccination. C, Routine vaccination among males. Solid lines, routine vaccination program with a 2-dose coverage of 80.50%; dots, time of vaccination. D,
Routine and extended catch-up vaccination among males. Solid lines, routine vaccination program with a 2-dose coverage of 80.50%; dashed lines, catch-up
vaccination program with a 2-dose coverage of 80.50% (1-time catch-up); dots, time of vaccination.
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vaccine effectiveness of each strategy over time. The alternative
options involving catch-up vaccination of females only (strate-
gies 2 and 3) speeded up the reduction in prevalence, compared
with the base case. By contrast, including extended catch-up
vaccination of males (strategy 4), further speeded up the impact
of vaccination. The increased effectiveness of alternative options
including catch-up vaccination cohorts and males continued
25–30 years after the vaccination program started, but the mag-
nitude of added effectiveness decreased as the strategies con-
verged. For all vaccination strategies, the estimated percentage
RAV of HPV16/18 prevalence corresponded to a decrease in
the annual age-standardized incidence from the current value
of 7.4 cancers/100 000 women [26] to 1.9 cancers/100 000

women, under the assumption that the fraction of cervical can-
cers attributable to HPV16/18 (ie, 74% [27]) and screening pro-
gram performance would not change over time. Strategies
including extended catch-up vaccination were expected to
speed up the cancer incidence reduction attributable to vaccina-
tion. Results were similar when evaluating the RAV for nonava-
lent vaccine types (Supplementary Figure 2).

Absolute Gain in HPV16/18 Prevalence Reduction
The model-based HPV16/18 prevaccination prevalence among
women 15–35 years of age was 12% (Supplementary Figure 1).
The expected HPV16/18 prevalence for each vaccination option
and the absolute gain in percentage RAV of each alternative,
compared with the base case, by years after the vaccination pro-
gram started are reported in Table 2. The largest difference in
prevalence (ie, 1.3%) for the options with extended catch-up
vaccination of females only (strategies 2 and 3) was observed
10 years after the vaccination program started, while with ex-
tended delayed catch-up vaccination of both males and females
(strategy 4), the largest difference in prevalence (ie, 2.1%) was
observed 15 years after the vaccination program started. Anal-
ogously, the absolute gain in percentage RAV of alternative vac-
cination options, compared with the base case, peaked 10 years
after the vaccination program started for the options with ex-
tended catch-up vaccination of females only (strategies 2 and
3), whereas with extended delayed catch-up vaccination of
both males and females (strategy 4), the gain in percentage
RAV peaked 15 years after the vaccination program started.
The maximum gain was 10.8% for strategies 2 and 3 and
17.6% for strategy 4. The negligible difference in percentage
RAV gain between alternative strategies with and without rou-
tine vaccination of boys (strategy 2 and 3 vs strategy 4) indicates
that routine vaccination of boys did not contribute to speeding
up the impact of vaccination. By contrast, catch-up vaccination

Table 1. Alternative Human Papillomavirus Vaccination Strategies
Explored in This Study

Strategy,
Sex

Age Range in
Years, Program Coverage, %a Description

1
Female 11–12, school

based; and
13–18,
catch-up

80.50 and
53.25,
respectively

Base-case strategy,
current practice in
Sweden

2

Female 11–12, school
based;
13–18,
catch-up; and

22–26, delayed
extended
catch-up

80.50, 53.25,
and 80.50,
respectively

Add 1-time delayed
extended catch-
up of women
aged 22–26 y in
2015 with higher
coverage, then
proceed with
routine
vaccination of
girls only

3

Female 11–12, school
based;
13–18,
catch-up, and

22–26, delayed
extended
catch-up

80.50, 53.25,
and 80.50,
respectively

Delayed extended
catch-up of
women, with
routine
vaccination of
boys at same age
as girls, starting in
2015Male 11–12, school

based
80.50

4

Female 11–12, school
based;
13–18,
catch-up, and

22–26, delayed
extended
catch-up

80.50, 53.25,
and 80.50,
respectively

One-time delayed
extended catch-
up of boys and
women in 2015;
continue with
routine
vaccination of
girls and add
routine
vaccination of
boys at the same
age as girls,
starting in 2015

Male 11–12, school
based; and
13–26,
delayed
extended
catch-up

80.50 and
80.50,
respectively

a Calculations based on 2-dose completion among girls in the first vaccination
cohorts (follow-up through 2014-12-31).

Figure 2. Percentage reduction attributable to vaccination (RAV) of the
prevalence of human papillomavirus types 16/18 (HPV16/18) among fe-
males aged 15–34 years.
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of males (strategy 4) could significantly accelerate HPV16/18 in-
fection prevention among females. The gain in nonavalent vac-
cine type prevalence reduction, compared with the base case,
was similar to the results for HPV16/18 (Supplementary
Table 1). A cohort analysis of these results showed that the
speeding up of vaccination impact was largely attributable to
the reduction of HPV prevalence among women 20 and 25
years of age 10 and 15 years after the vaccination program start-
ed (Supplementary Tables 2 and 3).

Resilience to Vaccination Coverage Reduction
If coveragewere halved during the 5–year period 13–18 years after
the vaccination program started, alternative options with routine
vaccination of boys and routine vaccination and extended catch-
up vaccination of males proved to be 7.2-fold and 12.6-fold more
resilient than vaccination of females only (Figure 3A and 3B, re-
spectively). With female-only routine and extended catch-up vac-
cination, the effectiveness decreased on average by about 1.42%
for 38 years (ie, between 10 and 48 years since coverage reduc-
tion), with a peak reduction of about 3.1% 25 years since coverage
reduction. In contrast, with routine vaccination of boys and rou-
tine and extended catch-up vaccination of males the effectiveness
decreased on average by about 0.34% and 0.19% for 22 years (ie,
between 10 and 32 years since coverage reduction), respectively,
with a peak reduction of about 0.43% and 0.25%, 14 and 19
years since coverage reduction, respectively. To assess the sensitiv-
ity of our estimates to the duration of vaccination coverage reduc-
tion, we repeated the simulations, assuming a coverage reduction
of 2 years; alternative options with routine vaccination of boys and
routine and extended catch-up vaccination of males were 6.2-fold
and 11.9-fold more resilient than vaccination of females only. The
peak reductions of effectiveness were 0.69%, 0.20%, 0.08%, for
female only vaccination combined with extended catch-up vacci-
nation of women, routine vaccination of boys, and routine and
extended catch-up vaccination of males, respectively.

Cumulative Number of Vaccine Doses
Expanding vaccination programs to include additional cohorts
and target males as well results in an increased number of vac-
cine doses used, especially at the start of the program involving

Table 2. Human Papillomavirus Types 16/18 Prevalence and Gain in Percentage Reduction Attributable to Vaccination (RAV) Among
Alternative Vaccination Strategies, Compared With the Base Case, by Years After Vaccination Program Start

Years

Strategy 1 (Base Case): Routine
and Catch-up (F)

Strategy 2: Routine and
Extended Catch-up (F)

Strategy 3: Routine (F and M)
and Extended Catch-up (F)

Strategy 4: Routine (F and M)
and Extended Catch-up

(F and M)

Prevalence,
%

Gain in
Percentage

RAV
Prevalence,

%

Gain in
Percentage

RAV
Prevalence,

%

Gain in
Percentage

RAV
Prevalence,

%

Gain in
Percentage

RAV

10 7.4 NA 6.1 10.8 6.1 10.8 5.3 17.1

15 4.2 NA 3.1 9.1 3.1 9.7 2.1 17.6

20 2.0 NA 1.6 3.9 1.4 5.1 0.7 11
25 0.7 NA 0.7 0.6 0.5 2.1 0.1 4.8

30 0.3 NA 0.2 0.3 0.1 1.6 0.0 2

35 0.1 NA 0.1 0.2 0.0 1 0.0 1.1

Abbreviations: F, females; M, males; NA, not applicable.

Figure 3. Resilience of vaccination strategies to a 5-year period of im-
paired coverage. A, Routine and extended catch-up vaccination among fe-
males, with routine vaccination among males. B, Routine and extended
catch-up vaccination among males and females. Abbreviation; RAV, reduc-
tion attributable to vaccination.
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extended catch-up vaccination (Table 3). In extended catch-up
vaccination of girls (strategy 2), the number of vaccine doses
needed in the first 5 years of program was 1.6 times that in
the base case (strategy 1). The greatest increase in the number
of vaccine doses was found when adding routine and extended
catch-up vaccination of males to routine and extended catch-up
vaccination of females (strategy 4, 3.5 times the value for the
base case strategy in the first 5 years of program). After about
30 years, the ratio of the cumulative number of doses used
under each alternative vaccination strategy converged to 1 and
2 times that of the base case strategy for options without and
those with routine vaccination of boys (strategies 2 and 3), re-
spectively. By contrast, school-based and extended vaccination
of both sexes (strategy 4) required at least 50 years to converge
to 2 times the number of vaccine doses needed, compared with
the base case (Table 3).

DISCUSSION

Our results show that alternative vaccination strategies based on
an intensive catch-up vaccination of individuals up to 26 years
of age are effective for accelerating the decrease in the burden of
vaccine-preventable HPV cervical infections in women, com-
pared with the current vaccination program efforts. There was
also clear evidence that increased resilience of vaccination
programs would occur with the inclusion of males in the pro-
grams. Specifically, the addition of routine vaccination of
11-year-old boys would protect against a loss of effectiveness re-
sulting from temporary coverage reduction. Such loss of effec-
tiveness would take >2 decades to recover from in the absence of
male vaccination.

Despite geographical heterogeneity across counties [14], the
overall coverage of HPV vaccination in the first cohort of girls
in the school-based program was >80%. According to our
model, such coverage, combined with the very high VE of biva-
lent/quadrivalent and nonavalent vaccines, if maintained indef-
initely, would approach elimination of HPV types targeted by
vaccines. The proposed alternative vaccination strategies

would reach elimination faster than the existing base case strat-
egy, and more-intensive coverage of both sexes would result in
earlier achievement of the elimination target. However, for
elimination to become a realistic option, the vaccine-induced
immune protection should last for most of the period during
which an individual is sexually active, and there should not be
subgroups of the population poorly covered by vaccination,
such as immigrants or men having sex with men, that could
act as infection reservoirs [28].

The alternative vaccination option envisaging routine cover-
age of boys (ie, strategy 3) would double the cumulative number
of doses of vaccine required, compared with the base case vac-
cination option. The options envisaging intensive catch-up vac-
cination of young adults (ie, strategies 2 and 4) would require a
larger initial number of doses of vaccine, and, 5 years after the
vaccination program started, the ratio of the cumulative number
of doses would be 1.6 and 3.5 for catch-up vaccination of young
females and males, respectively. On the other hand, vaccination
of both sexes also makes HPV infection prevention in females
more resilient to temporary drops in vaccination coverage (Fig-
ure 3). For simplicity, in the present study we simulated a 50%
drop in coverage for 5 years, between 13 and 18 years after the
vaccination program started, which is when most of the antic-
ipated effect of catch-up vaccination had already occurred and
the RAV was >90%. Therefore, according to our model, the de-
cline in RAV mainly delayed HPV elimination. As expected, a
drop in coverage for a shorter interval (ie, 2 years) was associ-
ated with a smaller absolute reduction of effectiveness. How-
ever, when an earlier and complete interruption of vaccination
for 5 years was simulated, a more substantial decrease in vaccine ef-
fectiveness was observed in a strategy of girls-only vaccination, while
sex-neutral vaccination significantly mitigated the negative effects of
this temporary interruption of vaccination (data not shown).

The current Swedish national vaccination program was de-
signed using the results of a mathematical model with input
data on HPV seroprevalence and sexual behavior data from
Sweden [29, 30]. Despite structural differences, the results of
the current model and the results of the previously published
model are comparable, and their estimated overall long-term ef-
fectiveness options are consistent (ie, 99% vs 96% for girls-only
vaccination and 99% vs 99% for sex-neutral vaccination for the
current and previous models, respectively). Similarly, according
to both models, catch-up vaccination of females in the previous
study and of females and males in the present study accelerated
the overall impact of vaccination by a few years. The consistency
between the projections of the 2 models supports the robustness
of our approach to use a mathematical model as a tool to plan
the scaling up of an existing national vaccination program. Our
projections are also reasonably consistent with recent data from
the Swedish C. trachomatis screening study, which suggest that,
among 13–22-year-old females, the percentage RAVof HPV16/18
prevalence was approximately 43% five years after vaccination

Table 3. Ratio of Cumulative Number of Doses of Vaccine Among
Alternative Vaccination Strategies, Compared With the Base Case,
by Years After Vaccination Program Start

Years

Strategy 2:
Routine and

Extended Catch-
up (F), Ratio

Strategy 3:
Routine (F and M)
and Extended

Catch-up (F), Ratio

Strategy 4: Routine
(F and M) and

Extended Catch-up
(F and M), Ratio

5 1.6 1.9 3.5

25 1.2 2.0 2.5
45 1.1 2.0 2.3

The base case involves routine and catch-up vaccination of females.

Abbreviations: F, females; M, males.
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introduction [31]. Our model predicted that a similar percentage
RAVwould occur in the same age group within about 7 years after
vaccination introduction (data not shown). The discrepancy be-
tweenmodel- and data-based estimatesmay be attributable to ear-
lier sexual debut among adolescents, compared with the time of
debut assumed in the transmission model.

Our study has strengths and limitations. We mainly focused
on viral end points, because they represent the earliest and most
relevant end points for HPV vaccination programs and the ac-
curacy of model-based projections. For bivalent/quadrivalent
vaccine types, we concentrated on HPV16/18 infections, as in-
formation about natural history and vaccine cross-protection
against other high-risk HPV types is still limited and hetero-
geneous [21, 32]. Restriction to HPV infections up to the age
of 35 years minimizes the potential impact of different cervical
screening practices on the interpretation of our findings [33].

Owing to the rapidly changing dosage schedules and declin-
ing prices of HPV vaccination, we chose not to study the mon-
etary costs of purchasing and delivering HPV vaccines [34].
Instead, we calculated the ratio of the cumulative number of
doses of vaccine for each alternative vaccination strategy versus
the number for the base case; this approach is uniquely based on
demographic projections [35]. Our study only included esti-
mates of vaccination benefit in females, although the reduction
in incidence of HPV infection and HPV-associated cancers in
males is an additional benefit of vaccination [36, 37]. However,
much fewer studies have addressed the natural history of HPV
infections among males than females [38], and existing data are
still insufficient to accurately calibrate a dynamic model that
will allow reliable projections for males. However, the contribu-
tion of HPV to other cancer types and, in particular, the potential
for the vaccines to prevent HPV-related cancer of the oropharynx
and anus in males (especially men having sex with men) may add
value to sex-neutral vaccination [22]. Finally, vaccination of both
sexes would be more equitable and less discriminatory [1, 2].

In conclusion, expanding the catch-up vaccination cohorts
accelerates the relative reduction in HPV prevalence among
women. If vaccination coverage is high, 25–30 years after vacci-
nation commences, the effectiveness converges. The most sa-
lient impact of male vaccination is the mitigation of loss of
vaccine effectiveness in the face of an unexpected reduction in
coverage. The resilience to temporary changes in vaccination
coverage of strategies that include male vaccination is likely to
be crucial to the safe adoption of HPV-based cancer prevention
programs with robust long-term effectiveness. Ensuring a resil-
ient program will be most important in settings where funding,
public opinion, and health priorities are changeable.
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