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Substantial health benefits of human papillomavirus (HPV) vaccination have been observed
in many settings around the world and are due to both high direct and indirect vaccine
effects.13 HPV vaccines have high efficacy for those vaccinated and vaccinated persons
provide indirect protection to those who remain susceptible to infection, through reductions
in exposure to HPV.4® Indirect protection provided by vaccination has been observed for
many vaccines and is referred to as “herd immunity,” “herd protection,” or “herd effects.”6-8
Although these terms are frequently used interchangeably, the term “herd immunity” often
has a specific meaning: a threshold of immunity in the population that provides complete
protection against sustained transmission.58 Terms like “herd protection” and “herd effects”
have been used to refer to the indirect effects of vaccination without a complete cessation of
transmission. For example, HPV vaccination with 20% coverage can achieve some degree
of herd effects (e.g., reductions in HPV prevalence in unvaccinated persons),* although this
level of vaccination coverage is not enough to achieve full herd immunity in which there is
no sustained transmission in the population.

Mathematical modeling studies of HPV vaccination worldwide have consistently predicted
that vaccination will result in substantial herd effects.® For example, a 2011 modeling study
projected that a female-only HPV vaccination program with moderate to high vaccination
coverage (e.g., = 50%) of 12-year-old girls would result in substantial reductions in
prevalence of HPV vaccine types in males within the first 10-15 years of the vaccination
program.10 Since HPV vaccination programs were first introduced almost 20 years ago,
studies in real-world settings have demonstrated herd effects of HPV vaccination in
numerous countries and for different HPV-attributable outcomes.?# Mathematical modeling
studies have also explored vaccine coverage needed for herd immunity and predict that
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these coverage levels likely differ by HPV type, since HPV types vary in prevalence,
transmissibility, and duration of infection; however, at 80% coverage in a program
vaccinating both boys and girls, models predicted possible elimination of HPV vaccine
types.%11.12

One of the first studies to show strong herd effects of HPV vaccination was conducted by
Ali et al. (2013) in Australia, a country that quickly achieved high vaccination coverage

of girls in the routine vaccination age group (12-13 years) and also catch-up vaccination

of girls and women through age 26 years.® Ali et al. (2013) documented large declines

in genital wart diagnosis rates in unvaccinated young heterosexual men in Australia just
five years after introduction of the female-only vaccination program.® A subsequent meta-
analysis reported similar findings, with declines of more than 50% in genital wart diagnosis
rates in males aged 15-24 years, compared to the pre-vaccination era, in countries with
catch-up vaccination of females and vaccination coverage of at least 50%.2 A more recent
study from Denmark, conducted 10 years after implementation of a female-only HPV
vaccination program, found no infection with quadrivalent HPV vaccine types among
unvaccinated men aged 18-20 years who had ever had sex, suggesting strong herd effects of
the female-only quadrivalent HPV vaccine program for 12-year-olds instituted in 2009 with
subsequent catch-up campaigns through age 27 years.13

Other herd effects of HPV vaccination also have been demonstrated. For example, within
six years of the initiation of Australia’s HPV vaccination program, substantial reductions
in the prevalence of the quadrivalent HPV vaccine types (6/11/16/18) were observed
among unvaccinated women aged 18-24 years attending cervical cancer screening.1# In the
United States, data from the National Health and Nutrition Examination Survey (NHANES)
have demonstrated decreases in prevalence of HPV vaccine types consistent with herd
effects.15.16 Overall decreases in prevalence of quadrivalent HPV vaccine types among
women cannot be explained solely by direct effects at observed vaccination coverage
levels.1” Among sexually active females aged 14-26 years, in 2011-2014 compared to the
pre-vaccine era, prevalence of quadrivalent HPV vaccine types decreased by 89% among
those vaccinated and 34% among those unvaccinated.18 In another study from the United
States, data from a 5-site, population-based surveillance system showed decreases in HPV
16 and HPV 18 positivity in cervical precancer tissue specimens among unvaccinated
women in 2014 compared to 2008.18

Herd effects can influence the potential health impact and cost-effectiveness of changes to
HPV vaccination strategies. For example, the cost-effectiveness of expanding an existing
female-only vaccination program to include males becomes less favorable as the degree

of herd effects achieved by the existing female-only vaccination program increases.10
Similarly, the cost-effectiveness of expanding the existing U.S. HPV vaccination program
for males and females aged 12—26 years to include mid-adults aged 27-45 years depends in
part on the degree of herd effects of the existing program.19

Real-world data showing herd effects of HPV vaccination are important not only to
demonstrate vaccine impact, but also to inform mathematical models of HPV transmission,
which are useful, if not vital, for considerations of HPV vaccine recommendations.
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Documentation of herd effects can be used for model validation, which involves the
comparison of model projections against independent data sets.29 HPV models have been
validated by showing that the model projections for a female-only vaccination program
closely match the observed declines in prevalence of HPV vaccine types in males in
Quebec?! and in anogenital warts diagnoses in males in Australia.22 Documentation of

herd effects can also be used for model calibration, which involves the fitting of model
projections to observed data.2% For example, if a model predicts unrealistically small or large
herd effects of HPV vaccination, the model’s parameters can be adjusted accordingly to
increase the robustness of the model to inform future vaccination recommendations.22

In the current issue of The Journal of Infectious Diseases, Wolfe and colleagues provide
evidence of herd effects and, in fact, herd immunity from HPV vaccination in Quebec.
Specifically, in a convenience sample of 369 unvaccinated men aged 16-20 years, only

two infections with quadrivalent HPV vaccine types were detected, both of which occurred
in men with male sex partners. The only apparent explanation for the low prevalence of
quadrivalent HPV types (0.5%) in unvaccinated men in 2020-2022 is herd effects following
onset of quadrivalent HPV vaccination of girls in 2008 with a transition to a mixed schedule
(nonavalent + bivalent) for girls and boys in 2018. Unlike the studies of HPV prevalence

in Australia and Denmark,13:14 the Wolfe study did not include a comparison of HPV
prevalence in unvaccinated men in the vaccination era to that of an otherwise similar group
of men in the pre-vaccination era. However, a high prevalence of quadrivalent HPV types

in men in the pre-vaccination era had been established worldwide and in Canadian settings
specifically.23 Thus, it would have been unlikely in the pre-vaccination era to find prevalence
of quadrivalent HPV vaccine types as low as 0.5% in a convenience sample of 369 young
Canadian men with a median number of 3 lifetime sex partners.

Men who have sex with men (MSM) do not benefit from herd effects of female-only HPV
vaccination programs to the same extent as men who have sex with women only.2425 Thus,
it was not surprising that MSM accounted for the only two infections with quadrivalent HPV
vaccine types in the Wolfe study. Still, prevalence of quadrivalent HPV vaccine types was
low (2/60, or 3.3%) among MSM, suggesting the possibility of a limited benefit of herd
effects in this group. However, the small number of MSM in this study makes it difficult to
draw any conclusions about possible herd effects among MSM.

The Wolfe study enhances the evidence base for strong herd effects of HPV vaccination.
This study, along with other recent studies in this journal,13:26 contributes to the monitoring
of HPV vaccine impact and can inform future HPV vaccination recommendations and
cervical cancer screening strategies. The documentation of herd protection and evidence
regarding herd immunity, as predicted by mathematical modeling studies, demonstrates the
robustness of mathematical modeling studies that have been used to inform HPV vaccination
strategies in Canada and around the world. The Wolfe study contributes to an extensive body
of research which has demonstrated direct and indirect effects of HPV vaccination globally
across multiple settings, which differ in program structure (e.g., female-only or sex-neutral
vaccination), the vaccine offered (bivalent, quadrivalent, nonavalent), and HPV vaccination
coverage.
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Prior to introduction of HPV vaccination, expert opinion and mathematical models indicated
that there would be declines in prevalence of HPV vaccine types, genital warts, and cervical
precancers in younger age groups within the first years of HPV vaccination, followed by
declines in HPV-associated cancers several decades later.2” Thus far, studies of HPV vaccine
impact from around the world have corroborated these predictions, with evidence of declines
in HPV prevalence, anogenital warts, and cervical precancers.? Further, in settings with
moderate to high vaccination coverage, benefits have been observed among unvaccinated
groups, thereby corroborating model-based projections of herd protection.2 We are now in
the initial years of the predicted declines in HPV-associated cancers,28:29 and it is anticipated
that there will be dramatic decreases in cervical, anal, vaginal, vulvar, and penile cancers in
the upcoming decades.
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