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Abstract

Objective: To investigate the potential public health impact of adult herpes zoster (HZ) vaccination with
the adjuvanted recombinant zoster vaccine (RZV) in the United States in the first 15 years after launch.
Methods: We used a publicly available model accounting for national population characteristics and HZ
epidemiological data, vaccine characteristics from clinical studies, and anticipated vaccine coverage with
RZV after launch in 2018. Two scenarios were modeled: a scenario with RZV implemented with 65%
coverage after 15 years and a scenario continuing with zoster vaccine live (ZVL) with coverage increasing
10% over the same period. We estimated the numbers vaccinated, and the clinical outcomes and health
care use avoided yearly, from January 1, 2018, to December 31, 2032. We varied RZV coverage and
investigated the associated impact on HZ cases, complications, and health care resource use.
Results: With RZV adoption, the numbers of individuals affected by HZ was predicted to progressively
decline with an additional 4.6 million cumulative cases avoided if 65% vaccination with RZV was reached
within 15 years. In the year 2032, it was predicted that an additional 1.3 million physicians’ visits and 14.4
thousand hospitalizations could be avoided, compared with continuing with ZVL alone. These numbers
could be reached 2 to 5 years earlier with 15% higher RZV vaccination rates.
Conclusion: Substantial personal and health care burden can be alleviated when vaccination with RZV is
adopted. The predicted numbers of HZ cases, complications, physicians’ visits, and hospitalizations
avoided, compared with continued ZVL vaccination, depends upon the RZV vaccination coverage
achieved.
ª 2021Mayo Foundation forMedical Education and Research. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
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H erpes zoster (HZ) or shingles results
from the reactivation of the varicella
zoster virus, which lies dormant in

basal root ganglia of individuals who have
had varicella, commonly known as chicken-
pox.1 Varicella zoster virusespecific T-cell im-
munity wanes with aging or due to
immunosuppressing illnesses or medications,
with the result that approximately one-third
of the population experiences shingles at
some time in their lives.2,3 The risk of HZ in-
creases substantially with age over 50 years;
and as the population ages and people live
longer, the burden on individuals and health
care providers is projected to increase.4,5

Shingles begins with prodromal pain, fol-
lowed by a unilateral dermatomal rash most
commonly affecting the trunk or face. The
skin lesions and pain usually resolve within
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4 to 6 weeks,6 but in around 10% to 50% of
individuals (depending upon the precise defi-
nition and patient age) the pain persists after
the rash has resolved, a complication termed
postherpetic neuralgia (PHN).1 PHN is the
most common complication of HZ; it can be
particularly debilitating, slow to resolve, and
difficult to relieve by analgesia.6 Other compli-
cations are rarer such as HZ ophthalmicus (eye
complications including keratitis, uveitis/iritis,
conjunctivitis, and loss of vision3,7); more
recently HZ has been associated with an
increased vascular risk particularly affecting
younger HZ sufferers,8 with the increased
risk of stroke or cardiovascular event dimin-
ishing gradually according to age and length
of time after the HZ episode.9

HZ has a significant burden on quality of
life, with 90% of patients reporting pain as
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the predominant symptom.10 In the United
States it is estimated that 1 million people suf-
fer an episode of HZ annually, with higher
rates of recurrence in older or immunocom-
promised adults, and as many as 3% of indi-
viduals can be hospitalized.11 Physician,
emergency department, and outpatient visits
and inpatient hospitals stays all contribute to
the health care burden associated with the
treatment and management of HZ cases and
associated complications.12 It has been esti-
mated that HZ costs the US health care system
$1.3 billion annually,13,14 with this burden
projected to increase with population aging.15

HZ can be prevented by vaccination. In the
United States, vaccination against HZ was
introduced in 2008 for immunocompetent
adults aged 60 years and older.11 At the time
there was 1 vaccine available, zoster vaccine
live (ZVL). Since then vaccination rates have
climbed, surpassing the Healthy People 2020
target of 30% coverage.16 However, in 2017
a new vaccine, the adjuvanted recombinant
zoster vaccine (RZV) was preferentially recom-
mended by the Advisory Committee on Im-
munization Practices for immunocompetent
adults aged 50 years and older, regardless of
prior HZ vaccination history.17 This vaccine
has a different clinical profile from that of
ZVL. The efficacy of the ZVL vaccine in clinical
trials was found to be 38% to 70% dependent
upon patient age,18,19 but this decreased over
time with ZVL vaccination conferring little or
no protection after 9 years.20 By contrast,
RZV was found to have higher efficacy
(>90%), independent of age at vaccina-
tion,21,22 with waning limited and modeled
to 1% to 3.6% per year dependent upon
age.13,23 It is estimated that to prevent one
case of HZ with ZVL, 32 adults would need
to be vaccinated, whereas the number needed
to vaccinate to prevent one case with RZV is
10.13 Both vaccines have been associated
with injection-site reactions, with the rates of
grade 3 reactions (severe enough to prevent
normal activities) at frequencies of 9.4% for
RZV and 0.9% for ZVL17 (although these re-
sults might not be directly comparable as dis-
cussed by McGirr et al.).24

Previous economic evaluations have
assessed the value and affordability of vaccina-
tion with RZV in the United States.13,25-28

These analyses, which were conducted to
Mayo Clin Proc Inn Qual Out n June 2021;5(3):596-604 n https://d
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inform HZ vaccination recommendations and
RZV reimbursement decisions, modeled the
impact of RZV on hypothetical cohorts of
older adults or for specific health plan popula-
tions that only represented a portion of the US
population. Analyses providing public health
stakeholders and other policymakers with
broad, population-level estimates of the public
health impact of potential RZV coverage levels
have not been conducted. With the easing of
RZV supply constraints,29,30 and an emphasis
on encouraging adult vaccination,31,32 the po-
tential public impact of HZ vaccination with
RZV is of great interest. The objective of this
study is to predict the public health impact
of implementing HZ vaccination with RZV,
when reaching coverage levels comparable
with the elderly pneumococcal and influenza
vaccines of 65%,33 over the next 15 years.

METHODS
This analysis is based upon mathematical
modeling; therefore, no patients were
involved. The model is publicly available and
the methodology published.27 The model ac-
counts for national population characteristics
(size and age distribution), epidemiological
data (incidence of HZ and complications,
and HZ recurrence rate), vaccine characteris-
tics from randomized controlled trials and
observational studies (efficacy, waning, second
dose compliance for RZV, and adverse event
rates), and current and anticipated vaccine
coverage in the years after RZV launch.

The model, a dynamic, population-level
model with underlying Markov disease frame-
work created in Microsoft Excel (Microsoft,
Redmond, Washington), considers the US
population eligible for vaccination, namely,
immunocompetent adults aged 50þ years.
As the population ages, individuals leave the
model following the natural mortality rate,34

and each year a new cohort aged 50 years joins
the model, with figures based upon census
data.35 The population can be vaccinated
(and if previously vaccinated with ZVL they
can be vaccinated with RZV) and the probabil-
ity of entering one of the health states within
the model (HZ, recurrent HZ, PHN, and
non-PHN complications) is adjusted accord-
ingly, based on trial data for vaccine efficacy
and waning of protection as previously
described.13,36 The structure of the model is
oi.org/10.1016/j.mayocpiqo.2021.03.006 597
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Other
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• PCP visits & hospitalizations

FIGURE 1. Population funnel and cohort-level transitions used in the model. An asterisk (*) indicates
immunocompetent adults aged 50 years and older. “HZ” and “recurrent HZ” are modeled as
events occurring during years spent in the “No HZ” and “recovered” health states, respectively. “PHN”

and “nonePHN complications” are modeled as proportions of overall HZ (or recurrent HZ) cases. All-
cause mortality can occur from either the “No HZ” or the “recovered” health states. HZ-related mortality
is not included in the model. HZ, herpes zoster; PCP, primary care physician; PHN, postherpetic neuralgia;
RZV, adjuvanted recombinant zoster vaccine; ZVL, zoster vaccine live.
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shown in Figure 1. This model framework,
which has been used to estimate the budget
impact of RZV vaccination for US health
plans,27 is more suitable for calculating the
population-level public health impact of HZ
vaccination than cohort-level models used in
previous cost-effectiveness analyses.

The model compares a “without RZV” sce-
nario, which is intended to represent a world
in which RZV is not available and vaccination
with ZVL continues, and a “with RZV” sce-
nario over a time horizon of 15 years. In the
“without RZV” scenario, current vaccination
rates with ZVL,33 dependent upon age, were
assumed to increase by 10% over the 15-year
time horizon in alignment with HZ vaccina-
tion rate trends before RZV introduction.33

For RZV, the vaccination rate begins at 0%
Mayo Clin Proc Inn Qual Out n June 2021
and is assumed to linearly increase to 65%
over the corresponding 15 years, which is
the coverage achieved for pneumococcal and
influenza vaccines in a similar age-group.33

As RZV is a 2-dose vaccine, the second dose
compliance was modeled as 76%, consistent
with Centers for Disease Control and Preven-
tion (CDC) estimates.37 As described previ-
ously,27 model inputs were retrieved based
on the best available and most recent nation-
ally representative estimates. These nationally
representative values were aligned with the
current study’s objective of estimating the
population-level public health impact for the
United States.

Model outcomes include the number of in-
dividuals vaccinated and the number of cases
of HZ, PHN, primary care physician (PCP)
;5(3):596-604 n https://doi.org/10.1016/j.mayocpiqo.2021.03.006
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PUBLIC HEALTH IMPACT OF RECOMBINANT ZOSTER VACCINE
visits, and hospitalizations avoided when
comparing the RZV and ZVL vaccination sce-
narios. The difference between the two sce-
narios is presented as the potential
incremental benefit of adopting RZV. Target
coverage levels for RZV were varied from
30% to 80% in additional scenarios to assess
the public health impact of reaching alterna-
tive levels of RZV vaccination coverage.

RESULTS
Table 1 shows the modeled number of vacci-
nees per year for ZVL and RZV over the
15-year time horizon. The predicted cumula-
tive number of RZV vaccine recipients,
assuming vaccination coverage reaches
65%, is approximately 94 million (M) over
the first 15 years after RZV adoption. The
number vaccinated per year varies depen-
dent upon the target RZV vaccination
coverage and the number of individuals
entering the model each year.

The cumulative number of HZ and PHN
cases avoided is shown in Figure 2, comparing
increasing RZV coverage to 65% of the eligible
US population over 15 years with a 10% in-
crease in ZVL coverage over the corresponding
period. The curve shape shows that the cumu-
lative number of cases avoided increases at a
higher rate over time, increasing to an esti-
mated 4.6 M HZ cases and 368,000 HZ cases
with PHN cases avoided over 15 years.

In Figure 3, the corresponding cumulative
numbers of PCP visits and hospitalizations
avoided are presented, also increasing at a
higher rate over time. Assuming the target of
65% coverage is reached in 15 years, in
2032 approximately an additional 1.3 M PCP
visits and 14,400 hospitalizations are esti-
mated to be avoided, when comparing the
RZV vaccination scenario with ZVL. During
the 15-year period, this approximates to a cu-
mulative avoidance of 10.7 M PCP visits and
111,000 hospitalizations beyond what could
be expected from a 10% ZVL vaccine coverage
increase over the same period.

To investigate the impact of achieving
alternative coverage levels on the potential
public health impact of RZV vaccination, in
Table 2 (and Supplemental Figure, available
at http://www.mayoclinicproceedings.org) the
incremental numbers of PCP visits and hospi-
talizations avoided are presented varying RZV
Mayo Clin Proc Inn Qual Out n June 2021;5(3):596-604 n https://doi.org/10.1016/j.mayocpiqo.2021.03.006
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PUBLIC HEALTH IMPACT OF RECOMBINANT ZOSTER VACCINE
the base case 65% target vaccination rate for
RZV, after 5 years the incremental number of
annual PCP visits avoided surpasses that
achieved in the 15th year with a vaccination
rate of 30% (476,000 vs 436,000, respec-
tively). Looking at the incremental annual hos-
pitalizations avoided, the highest reduction
achieved with a 50% target coverage (9860)
is achieved 5 years earlier with a target of
65% RZV coverage.

DISCUSSION
Previous economic analyses have shown that
RZV is a good value for the money and have
estimated the impact of RZV adoption on
short-term health care payer budgets. To our
knowledge, this study is the first to assess
the longer-term potential public health impact
of RZV in the United States. Results showed
that significant numbers of HZ and PHN cases
can be avoided with RZV vaccination, together
with the associated PCP visits and hospitaliza-
tions, representing a substantial reduction in
human suffering and health care burden. The
vaccination coverage rate with the RZV vac-
cine is estimated to have a considerable impact
upon the overall public health, with higher
vaccination rates accelerating the attainment
of vaccination benefits.

Current adult vaccination rates in the
United States are suboptimal, with HZ vacci-
nation coverage around 30%, significantly
lower than the 65% coverage rate achieved
with pneumococcal and influenza vaccination
of older adults.33 Recommendations in favor
of HZ vaccination by public health bodies,
such as the CDC, have been shown to signifi-
cantly increase interest in HZ vaccination, ac-
cording to Google search data38; however,
the CDC recommendation has failed to trans-
late into sustained higher HZ vaccination rates.
Several investigators have suggested an expla-
nation, citing out-of-pocket costs as an
obvious financial barrier (compared with
pneumococcal and influenza vaccines) and
recommending that in order to increase HZ
vaccination, copayments should be eliminated
or, at least, reduced.39,40

One attempt to increase adult vaccination
rates has involved the public and private sec-
tors developing adult immunization perfor-
mance measures (including zoster
vaccination) and adding these to the 2019
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Healthcare Effectiveness Data and Information
Set, a widely used set of performance measures
reportable by private US health plans.41 Addi-
tional initiatives have involved professional as-
sociations recommending to members to
vaccinate and providing guidance for various
patient groups. Among these are the American
College of Rheumatologists42 and the National
Psoriasis Foundation.43

However, even with recommendations and
targets in place, it is clear that the strongest
influencers for vaccination are the patients’
physicians. The key reason for a patient being
vaccinated is them having received a recom-
mendation from a health care provider.44

Therefore, PCPs must know the vaccination
policy, agree with the policy, recommend
vaccination, and then ideally have the office
systems to facilitate vaccination, such as stand-
ing orders and immunization reminder sys-
tems.45 Additionally, pharmacies can play a
part by improving patient awareness and edu-
cation45 and by providing vaccination outside
office hours, thereby increasing access and
convenience for patients.46 In summary, coor-
dination of efforts across all health care profes-
sionals regardless of role is essential to create
an environment for ensuring access to and
use of vaccines.47

Study Limitations
The limitations of the model and data used for
this analysis, including the generalizability of
vaccine efficacy from clinical trial populations
to a real-world setting, have been discussed
previously. Target coverage levels considered
for RZV in this study were projections based
on coverage levels observed for other older
adult vaccines and may not reflect real-world
uptake of RZV vaccination. The vaccine effi-
cacy and safety estimates were obtained from
clinical trial data and may differ from real-
world settings. Early real-world effectiveness
data for RZV are beginning to emerge,48,49

and future modeling exercises incorporating
robust estimates for effectiveness and coverage
will allow for better validation of the outcomes
projected in this study.

The analysis has several strengths: the
modeling approach has been published previ-
ously; the input parameters are based on the
best available national data; the model is pub-
licly available and has a user-friendly interface,
Mayo Clin Proc Inn Qual Out n June 2021
and the inputs, calculations, and assumptions
are transparent.
CONCLUSION
This modeling analysis predicts the public
health impact of HZ vaccination, with a
focus on RZV adoption post launch. Re-
sults show that the potential public health
impact of vaccinating with RZV is depen-
dent on the vaccine coverage achieved,
with higher vaccination rates providing
larger and earlier reductions in the number
of HZ cases and the associated health care
burden. A concerted effort across all health
care providers is required to improve HZ
vaccination rates to maximize the public
health impact possible through RZV
vaccination.
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