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ABSTRACT
Currently available health economic models for varicella infection are designed to inform the cost- 
effectiveness of universal varicella vaccination (UVV) compared with no vaccination. However, in countries 
with an existing UVV program, these models cannot be used to evaluate whether to continue with the 
current varicella vaccine or to switch to an alternative vaccine. We developed a dynamic transmission 
model that incorporates the historical vaccination program to project the health and economic impact of 
changing vaccination strategies. We applied the model to Israel, which initiated UVV in 2008 with 
a quadrivalent vaccine, MMRV-GSK, and switched to MMRV-MSD in 2016. The model was calibrated to pre- 
vaccination incidence data before projecting the impact of the historical and future alternative vaccina
tion strategies on the clinical burden of varicella. Total costs and QALYs lost due to varicella infections 
were projected to compare continuing with MMRV-MSD versus switching to MMRV-GSK in 2022. Over 
a 50-year time horizon, continuing with MMRV-MSD reduced varicella incidence further by 64%, reaching 
35 cases per 100,000 population by 2072, versus a 136% increase in incidence with MMRV-GSK. 
Continuing with MMRV-MSD reduced cumulative hospitalization and outpatient cases by 48% and 58% 
(vs. increase of 137% and 91% with MMRV-GSK), respectively. Continuing with MMRV-MSD resulted in 139 
fewer QALYs lost with total cost savings of 3% compared with switching to MMRV-GSK, from the societal 
perspective. In Israel, maintaining the UVV strategy with MMRV-MSD versus switching to MMRV-GSK is 
projected to further reduce the burden of varicella and cost less from the societal perspective.
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Background

Varicella, also known as chickenpox, is an infectious disease 
caused by the varicella zoster virus (VZV). Individuals affected 
by varicella experience vesicular rash. While the disease is generally 
mild, it may result in complications, including bacterial infections, 
dehydration, pneumonia, and encephalitis, and in rare cases, 
death.1 Globally, varicella is one of the most common childhood 
infectious diseases, with an estimated annual incidence of approxi
mately 42.9 cases per 1,000 persons for children under the age of 
15 years.2 VZV also causes herpes zoster (HZ), commonly known 
as shingles, a reactivation of latent VZV.1 Globally, HZ incidence is 
estimated to be 4–4.5 cases per 1,000 person-years.3

Varicella is a vaccine preventable disease. The World Health 
Organization (WHO) recommends a first dose of varicella vaccine 
at the age of 12 to 18 months to reduce mortality and severe 
morbidity, and a second dose between 4 and 6 years to decrease 
cases and outbreaks.4 As of 2019, 39 countries have successfully 
implemented single dose or two-dose universal varicella vaccina
tion (UVV) programs.5 The implementation of these programs 
has led to a significant decline in the burden of varicella globally.

Several varicella vaccines are available, each with different 
clinical profiles.6–8 Countries with an existing UVV program 

may consider switching to an alternative varicella vaccine dur
ing the vaccine public procurement process (tender) for rea
sons related to supply, clinical benefits, or costs. However, the 
long-term clinical and economic impact of switching between 
different varicella vaccines, each with their own clinical profile, 
are not well known.

Previously developed dynamic transmission models for vari
cella were designed to evaluate the health and economic impact of 
introducing a universal vaccination strategy in an unvaccinated 
population.9–13 Such models are useful for policymakers to eval
uate the clinical and economic value of vaccinating populations. 
In many countries, however, universal vaccination programs have 
already been implemented.14–17 Policy makers are then faced with 
a different question – whether to remain with their current 
vaccination strategy or to switch to a different vaccine. To support 
this decision-making, the model should account for the impact of 
historical vaccine strategies that influence current disease inci
dence instead of comparing with the pre-vaccination era.

To address this gap, we developed a novel dynamic trans
mission model that incorporates historical vaccination strate
gies and then evaluates the health and economic impact of the 
potential changes to the current UVV program. We applied 
this model in a case study to investigate the impact of switching 
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to a different varicella vaccine in the current two-dose UVV 
program in Israel.

Methods

Dynamic model

The model is a deterministic, continuous time, compartmental, 
population-level dynamic model that represents the distribu
tion of health states in the population with a system of non- 
linear ordinary differential equations. The population is strati
fied into age groups, with modifiable age cuts to match the 
vaccination schedule(s) and available country-specific demo
graphic, epidemiological, and economic data. The size of the 
population is assumed to be constant over time.

The model is a variation of an MSEIRV (Maternal- 
Susceptible-Exposed-Infected-Recovered-Vaccinated) model, 
a structure commonly used to evaluate the impact of childhood 
vaccination programs.18 The model has been extended with 
states representing reactivation of VZV leading to HZ out
breaks. In addition, the model accounts for the potential 
impact of UVV on exogenous boosting.19

The set of health states and transitions in the model are similar 
to those used in other cost-effectiveness models for UVV, except 
our model replaces the Failure-Take-Waning-Degree structure of 
vaccine effectiveness with an alternative structure that better aligns 
with long-term randomized controlled trial (RCT) data 6,8 and 
real-world evidence 20,21 to allow for direct comparison of vaccine 
performance.22 The updated vaccine effectiveness structure is 
based on a deterministic compartmental model to simulate clinical 
trials of these vaccines fit to actual clinical trial data. Figure 1 
provides a high-level view of the transitions between health states 
in the model and the changing vaccine strategies over time (a 
switching model). A detailed description of the model, including 
the model flow and equations, is available in Appendix A. Varicella 
and HZ related epidemiological parameters are summarized in 
Table 1.

Calibration

The model was calibrated in two stages using data prior to the 
introduction of a UVV program in a country (i.e., Israel). In the 

first stage, age-specific relative risks of varicella infection were fit to 
VZV seroprevalence data in the absence of vaccination, using 
historical mixing data and age-based reactivation rates.31,32 In 
the second stage, reactivation rates were fit to pre-vaccination 
HZ incidence data, also in the absence of vaccination. Additional 
details and results of the calibration are presented in Appendix B.

UVV program evaluation

The calibrated model was then used to assess the impact of 
a time-dependent UVV program on the long-term health and 
economic consequences of varicella and zoster in the popula
tion. The UVV program is composed of both historical and 
future vaccination strategies that are implemented in the popu
lation over time. Varicella and HZ incidence are projected over 
the time horizon of interest.

Quality-adjusted life years (QALYs) lost were computed 
using health state utility values and the average time an 
individual spent in a disease state (varicella or HZ) (see 
Appendix C, Table SC2), as well as the lost life expectancy 
due to disease-related premature death. Direct medical 
costs included vaccine acquisition and administration 
costs and the cost of outpatient and inpatient care for 
varicella and HZ cases. Indirect costs included work pro
ductivity loss due to days missed from work by the patient 
or caregiver for varicella and HZ cases. Discount rates for 
QALYs lost and costs were applied.

Case study

We applied the switching model to Israel’s UVV program. In 2008, 
Israel initiated a UVV program. The first vaccination strategy (V1) 
consisted of two doses of MMRV-GSK (Priorix Tetra, 
GlaxoSmithKline, Brentford, London, UK) administered at 12  
months and 6 years of age according to the Israel varicella vaccine 
schedule. In 2016, a second strategy (V2) was introduced by 
switching the vaccine brand to MMRV-MSD (ProQuad, Merck 
& Co., Inc, Rahway, NJ, USA). Thus, the two historical vaccination 
strategies accounted for in the model are:

● V1 (MMRV-GSK): 2008 – 2015
● V2 (MMRV-MSD): 2016 – 2021

Figure 1. MSEIVR dynamic transmission model diagram with switching vaccines. M: Maternal-induced immunity. S: Susceptible to VZV infection. V: Vaccinated with 
varicella vaccine strategy V1 or V2 or V3 for the specified time period. E: Exposed to VZV. I: Infectious with VZV. R: Recovered (after VZV infection). W: Waning zoster 
immunity. Z: Zoster (VZV reactivation). RZ: Recovered (after zoster). The dashed line reflects exogenous boosting. The bracket reflects the sequence of vaccination 
strategies used over time in the UVV program, where Ti is the time when the ith vaccination strategy is introduced.
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In early 2022, the Israel Ministry of Health underwent 
a tender process to determine whether to continue vaccination 
with MMRV-MSD (continuation of V2) or to switch to 
MMRV-GSK (third strategy, denoted V3). We used our 
model to evaluate the health and economic impact over the 
next 50 years (2022 onwards) of the following two UVV 
programs:

● Continue with MMRV-MSD: V2 (MMRV-MSD): 2022 – 
2072

● Switch to MMRV-GSK: V3 (MMRV-GSK): 2022 – 2072

The model was calibrated against pre-vaccination varicella 
seroprevalence 33 and herpes zoster incidence 34 data for Israel. 
While HZ incidence data spanned the period from 2006 
through 2010, only data for 2006 and 2007 was used in calibra
tion to reflect pre-vaccination HZ incidence. Age-specific fer
tility and mortality data was extracted from the Israeli 
government website and from the United Nations.35 

Maturation rates were computed using mortality rates and 
the length of each age group and were subsequently used to 
calculate the birth rate required to keep the population con
stant over the time horizon.

We used a price parity approach, where the varicella price 
per dose was the same regardless of brand, because actual 
prices in Israel are determined during the tender process. 
Tender prices are not publicly available and tend to be lower 
than list price and closer to each other. Price parity allows the 
evaluation of cost-effectiveness to be based on product char
acteristics, decoupled from tender prices that are unknown but 
likely to be similar. A sensitivity analysis on the price per dose 
for each product was conducted to evaluate how price may 
affect results.

Vaccination costs were computed by multiplying the num
ber of vaccine doses over the 50-year time horizon, assuming 
a 97% coverage rate (consistent with current coverage for 
MMRV in Israel)36, by the vaccine price per dose along with 
administration costs. Direct medical costs for outpatient visits 
were calculated by multiplying the expected number of out
patient visits (number of cases × proportion of cases with 
outpatient visits × average number of visits per case) by the 
average cost per outpatient visit. Direct costs for inpatient care 
were calculated by multiplying the expected number of hospi
talizations (number of cases × proportion of cases with 

inpatient visit) by the average cost per hospitalization (average 
length of stay × cost per day). Indirect costs due to productivity 
losses were obtained by multiplying the number of cases 
requiring outpatient and inpatient care by the average number 
of workdays lost by the patient or caregiver according to type of 
care required. Direct medical costs were obtained for projected 
varicella cases, uncomplicated HZ cases, and complicated cases 
resulting in PHN. Cost-related inputs are provided in Table 2. 
Country-specific inputs were used where available; otherwise, 
we used data from high income European countries with 
a similar health-care system and socioeconomic status as 
a proxy, a commonly used approach. To address potential 
heterogeneity, these parameters (e.g., varicella and HZ inpati
ent utilization, HZ and PHN inpatient and outpatient costs, 
and workdays lost due to HZ) were included in the sensitivity 
analysis.

QALYs lost were computed using health state utility values 
(Appendix, Table SA5) and the average amount of time an 
individual spends in a disease state (varicella or HZ) as well as 
the lost life expectancy due to disease-related premature death.

WHO guidelines for economic analysis recommend 
adopting a societal perspective when there are no national 
guidelines for health economic evaluation.45 A recently pub
lished position paper from Vaccines Europe also recom
mends that vaccine health technology assessments consider 
the direct and indirect impact of vaccines on individuals, 
society and public health, and that they include attributes 
that contribute to their broad societal and health value.46 

With these goals in mind, this model primarily focused on 
costs from the societal perspective, which includes both direct 
costs (e.g. costs associated with vaccination, direct treatment 
of disease) and indirect costs (e.g. cost associated with works 
days lost and lost productivity). Incremental costs and 
QALYs were computed over a 50-year time horizon in the 
base case, and over various time horizons from 5 to 100 years 
in scenario analyses (see Appendix Table SD1). A 3% annual 
discount rate was applied to future QALYs lost and costs. 
A threshold of 1xGDP per capita (approximately 140,865 
NIS, 43,740 USD) was used to declare a UVV strategy cost 
effective.

Both deterministic sensitivity analyses (DSA) and prob
abilistic sensitivity analyses (PSA) were used to assess the 
robustness of the cost-effectiveness results. In the DSA, clin
ical and cost-related parameters were varied individually, to 

Table 1. Epidemiological inputs.

Parameters Values Source

Varicella
Average waning period of passive immunity 6 months 23

Average latent period: natural and breakthrough varicella 14 days 24,25

Average infectious period: natural varicella 7 days 24,26,27

Average infectious period: breakthrough varicella 4.5 days 27

Average waning period of herpes zoster immunity following (natural and breakthrough) varicella infection 81.3 years Modeled from19

Infectivity of breakthrough varicella relative to natural varicella 50% 25,28

Herpes zoster
Average duration of herpes zoster outbreak following natural and breakthrough varicella and successful vaccination 28 days 18,29

Average waning period of vaccine type herpes zoster post successful varicella vaccination 81.3 years Modeled from19

Reactivation rate factor on vaccine arms 1/6 30

Relative infectivity of herpes zoster (compared to natural varicella) 7% 18

Percentage of contacts leading to exogenous boosting after natural and breakthrough varicella and successful vaccination 33.45% Modeled from19

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2124784-3



assess the change in the incremental costs and QALYs lost. 
Tornado diagrams were used to display the most influential 
parameters for estimating the incremental costs and QALYs 
gained. In the PSA, parameters were varied simultaneously 
and drawn from uniform distributions over their individual 
ranges. Incremental costs and QALYs were computed for 
500 sets of randomly selected parameter values to assess 
the likelihood that one UVV program was cost-effective 
compared to another. Inputs used in the DSA and PSA are 
provided in Appendix Table SC3.

Results

Clinical outcomes

In 2021, the incidence of varicella in Israel was estimated as 89 
cases per 100,000 population following implementation of the 
UVV program with MMRV-GSK during 2008–2016 and 
MMRV-MSD during 2016–2021. By maintaining the two- 
dose vaccination strategy with MMRV-MSD, varicella inci
dence is projected to continue to decline to 35 cases per 
100,000 population in 2072 (Figure 2). However, switching to 
MMRV-GSK in 2022 (when varicella incidence is 81 cases per 

100,000 population) would initially result in a 76% increase in 
the varicella incidence rate by 2030, peaking at 142 cases per 
100,000 population, before declining to 98 cases per 100,000 
population by 2072 (176% higher than MMRV-MSD). This 
increase in incidence with MMRV-GSK was primarily due to 
breakthrough cases after the first dose (Figure 3), with more 
breakthrough cases overall for MMRV-GSK versus MMRV- 
MSD (373,766 versus 115,639 breakthrough cases, respectively) 
over the 50-year time horizon (Table 3).

The health benefits of continuing with MMRV-MSD are pro
jected across all age groups, with the greatest benefits expected in 
children less than 10 years of age (Appendix Figure SD1). 
Switching to MMRV-GSK increases the number of varicella 
cases by 137% overall and by 203% in children younger than 10  
years of age over the 50-year time horizon from 2022 to 2072.

Because 90% of the varicella cases are expected to result in 
outpatient care across all age groups, similar increases were pro
jected for the number of cases requiring an outpatient visit with 
a switch to MMRV-GSK (Table 3). For hospitalizations, switching 
to MMRV-GSK in 2022 resulted in nearly twice as many hospita
lizations compared with continuing with MMRV-MSD (2,030 and 
1,065 hospitalizations with MMRV-GSK and MMRV-MSD, 
respectively).

Table 2. Model inputs for direct and indirect costs for varicella and herpes zoster.

Varicella
Vaccine Primary and booster coverage rate 97% 36

MMRV-MSD cost per dose $86.00 Assumed
MMRV-GSK cost per dose $86.00 37

Vaccine administration cost $7.00 Assumed
Outpatient Proportion of varicella cases requiring outpatient care 90.00% 38

Mean number of GP visits per outpatient <18y 1.15 38

≥18y 1.44
Outpatient visit cost $61.33 38

Outpatient varicella workdays lost <18y 2.50 38

≥18y 5.69
Inpatient Proportion of varicella cases requiring inpatient care

390-5y 5-10y 10-15y 15-20y 20-40y >40y
0.33% 0.13% 0.41% 0.61% 1.31% 0.87%

Length of hospital stay (days) <18y 3.8 38

≥18y 5.6
Varicella hospitalization cost per day $739.00 40

Inpatient varicella workdays lost <18y 3.75
38≥18y 7.77 

Herpes zoster

Uncomplicated Herpes zoster
Proportion of Herpes zoster cases that are 

uncomplicated
0-15y 15-25y 25-35y 35-45y 45-55y 55-65y 65-75y 75-85y >85y Assumed 

from3499.89% 99.28% 98.19% 97.76% 95.05% 93.25% 88.44% 86.76% 84.57%
Outpatient Proportion of uncomplicated Herpes zoster cases requiring 

outpatient care
98.7% Assumed 

from41

Outpatient visit cost $194.73 42

Inpatient Proportion of uncomplicated Herpes zoster cases requiring inpatient care 1.3% 41

Length of hospital stay (days) 7.8 41

Uncomplicated Herpes zoster hospitalization cost per day $739.00 40

PHN
Proportion of Herpes zoster cases leading to PHN 0-15y 15-25y 25-35y 35-45y 45-55y 55-65y 65-75y 75-85y >85y 34

0.11% 0.72% 1.81% 2.24% 4.95% 6.75% 11.56% 13.24% 15.43%
Average duration of a PHN episode (months) 9 43

Outpatient Proportion of PHN cases requiring outpatient care 98.00% 41

PHN cost per outpatient case $290.11 42

Inpatient Proportion of PHN cases requiring inpatient care 2.00% 41

Length of hospital stay (days) 10.2 41

PHN hospitalization cost per day $739.00 40

Herpes zoster related workdays lost <18y 0
4218-65y 12.8

>65y 0
Cost per workday lost (varicella and HZ related) $148.71 44
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The differential impact of switching to MMRV-GSK on 
the HZ incidence rate (Appendix, Figure SD2), total HZ 
cases, and HZ deaths is minimal (Table 3). While HZ 
incidence continues to decline over time regardless of 
strategy (from 289 cases per 100,000 population to 196 
and 191 by 2072 for MMRV-MSD and MMRV-GSK, 
respectively), the cumulative number of HZ cases (wild- 
type and vaccine type) by continuing with MMRV-MSD 
is approximately 1% greater than with MMRV-GSK, 
owing in part to more limited exogenous boosting under 
the MMRV-MSD strategy.

Economic outcomes

Switching to MMRV-GSK results in an estimated 139 
additional QALYs lost (20,640 for MMRV-MSD vs. 
20,779 for MRV-GSK) (Table 4) due to the increase in 
varicella cases.

From the societal perspective, where both direct and 
indirect costs are included, continuing with MMRV-MSD 
dominates switching to MMRV-GSK, as fewer QALYs are 
lost and total costs are lower (2.8% lower with MMRV- 

MSD) (Table 4). Switching to MMRV-GSK resulted in 
more varicella cases and therefore fewer vaccine doses 
being administered (children with breakthrough varicella 
cases were not eligible for the 2nd vaccine dose), contri
buting to a reduction in vaccination costs of 4.1% as 
compared with remaining with MMRV-MSD.

Alternative time horizons

When increasing the time horizon from 5 to 100 years beyond 
2022, the number of varicella cases that occurred with switch
ing to MMRV-GSK rose at an increasing rate, from 6,754 
additional cases after 5 years (average of 1,351 more cases 
per year) to 564,759 additional cases after 100 years (average 
of 5,648 additional cases per year) (Appendix Table SD1). 
These additional cases resulted in an increasing number of 
QALYs lost over time. From the societal perspective, total 
costs were marginally lower for MMRV-GSK over shorter 
time horizons (e.g., 10 years: MMRV-MSD vs. MMRV-GSK: 
$483.1 million vs. $482.8 million) and considerably lower for 
MMRV-MSD over longer time horizons (e.g., 25 years: 
MMRV-MSD vs. MMRV-GSK: $969.1 million vs. 

Figure 2. Total varicella incidence (2022–2072).

Figure 3. Breakthrough varicella incidence* (2022–2072). * Breakthrough varicella incidence includes varicella cases following the first or second varicella dose.
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$990.2 million) due to the accumulation of more breakthrough 
varicella cases for MMRV-GSK over time.

Sensitivity analysis

Deterministic sensitivity analysis
In the one-way sensitivity analyses, incremental costs per 
capita were sensitive to the discount rate, vaccine cover
age rate and the vaccine cost per dose (Figure 4). A 20% 
decrease in vaccination coverage rate resulted in higher 
costs if switching to MMRV-GSK. Varying MMRV-MSD 
cost by $5 per dose produced a difference of $5.76 in the 
incremental total cost per capita; varying MMRV-GSK 
cost by $5 per dose resulted in a difference of $5.50 in 
the incremental total cost per capita. The utility for 
breakthrough varicella had the greatest impact on the 
incremental QALYs lost when switching to MMRV-GSK, 
with more QALYs lost with a lower utility weight 
(Figure 5). The primary-dose coverage rate was also influ
ential, where a lower coverage rate increased the QALYs 
lost if switching to MMRV-GSK. For all parameters eval
uated in the deterministic sensitivity analysis, switching 
from MMRV-MSD to MMRV-GSK resulted in a higher 
total cost per capita and more QALYs lost compared to 
remaining with MMRV-MSD.

Probabilistic sensitivity analysis
In the probabilistic sensitivity analysis, there was approxi
mately a 7% chance that switching to MMRV-GSK would 
be cost-effective at a threshold equal to Israel’s GDP per 
capita (Appendix Figure SD3), relative to continuing with 

MMRV-MSD. The probability increased to 11% and 16% 
at thresholds equal to two and three times the GDP per 
capita, respectively.

Discussion

To our knowledge, this is the first study to incorporate historical 
UVV strategies and the potential switch between vaccines, which 
allows policymakers and ministries of health to assess different 
strategies in this real-world context. We used Israel as a case 
study to assess the long-term impact of different vaccination 
strategies since implementation of a UVV program in 2008 
(MMRV-GSK (2008–2016) and MMRV-MSD (2016–2021)). 
We extended the MSEIRV model by allowing vaccination to be 
governed by a sequence of time-dependent varicella vaccination 
strategies.

Our study showed that the incidence of varicella was 89 cases 
per 100,000 population in 2021, down from 1,286 cases per 
100,000 population in 2008. If vaccination with MMRV-MSD 
was maintained, this downward trend was expected to continue, 
reaching 35 cases per 100,000 in 2072. However, when the 
vaccination strategy was switched in 2022 to MMRV-GSK in 
the model, the trajectory was altered, and incidence was pro
jected to rise over the next 8 years to 142 cases per 100,000 
population. While incidence subsequently declined through the 
50-year time horizon, incidence remained above the 2021 level at 
98 cases per 100,000 population in 2072. The higher incidence 
with MMRV-GSK was due to the lower efficacy associated with 
the first dose of MMRV-GSK, resulting in more children remain
ing susceptible to varicella infection.8 Since the dosing interval 
between first and second doses in the Israel UVV program is 5  
years, this led to an accumulation of a significantly higher number 
of breakthrough cases compared with MMRV-MSD. Thus, 
switching to MMRV-GSK was expected to significantly increase 
breakthrough varicella cases by 223% over the 50-year time hor
izon. This is further reflected in increases in outpatient cases 
(137%) and hospitalizations (91%) over the next 50 years. The 
impact of switching vaccines on HZ incidence was negligible, with 
the cumulative number of HZ cases being 1% higher if continuing 
with MMRV-MSD versus switching to MMRV-GSK.

Because significantly fewer varicella cases are expected if 
vaccination with MMRV-MSD continues, 139 fewer QALYs 
are lost when compared with switching to MMRV-GSK. 
Taking both direct and indirect costs into consideration, 

Table 3. Cumulative varicella and HZ health outcomes over 50 years (2022-2072).

Health Outcome Remain with MMRV-MSD Switch to MMRV-GSK
Impact of Switching

Difference % Change

Varicella Outcomes
Natural cases 97,283 130,528 33,245 34%
Breakthrough cases 115,639 373,766 258,127 223%
Total cases 212,922 504,294 291,372 137%
Outpatient cases 191,631 453,844 262,213 137%
Hospitalizations 1,065 2,030 965 91%
Deaths 6 7 1 29%

Herpes Zoster Outcomes
Total cases 1,167,745 1,153,210 -14,535 -1%
Deaths 174 174 0 0%

Table 4. Vaccine doses, QALYs lost, and discounted costs per capita (2022–2072).

Remain with 
MMRV-MSD

Switch to 
MMRV-GSK

Impact of Switching

Difference % Change

Vaccine doses administered
Primary 5,658,397 5,646,208 −12,188 −0.2%
Booster 5,193,725 4,853,115 −340,609 −6.6%
Total QALYs lost 20,640 20,779 139 0.7%
Cost per capita with price parity
Vaccination costs $57.77 $55.38 -$2.39 −4.1%
primary dose $30.34 $30.28 -$0.06 −0.2%
booster dose $27.43 $25.11 -$2.32 −8.5%
Direct medical costs $20.64 $21.66 $1.02 4.9%
Indirect costs $71.04 $76.79 $5.74 8.1%
Total costs (payer) $78.41 $77.04 -$1.37 −1.7%
Total costs (societal) $149.46 $153.83 $4.37 2.9%
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continuing with MMRV-MSD leads to fewer QALYs lost at 
a lower total cost (3% lower). Thus, for policymakers driven by 
value-based decisions, continuing the UVV program with 
MMRV-MSD is a dominant strategy from the societal perspec
tive versus switching to MMRV-GSK, over a 50-year time hor
izon. Total vaccination costs were slightly higher for MMRV- 
MSD (4% higher), primarily driven by a greater number of doses 
being administered for MMRV-MSD. These costs are partially 
offset by a reduction in treatment costs, with societal costs for 
MMRV-MSD 7% lower compared with MMRV-GSK.

Our previous models have compared the health and eco
nomic impact of introduction of UVV with no vaccination. 
While the comparator in these models is different, the results 
are consistent with our findings. These studies show significant 

reduction in the burden of varicella with different strategies. For 
example, in model adaptations for UVV in Norway, Italy, and 
Turkey, two doses of V-MSD/MMRV-MSD were cost-effective 
or cost-saving strategies.10,11,47

Clinical results were robust under a wide range of epidemio
logical parameters, favoring continuation with MMRV-MSD. 
Economic results were highly sensitive to vaccination coverage 
rates and vaccine costs. Further, when examining different time 
horizons, total costs were marginally lower for MMRV-GSK 
over shorter time horizons (≤10 years) and appreciably lower 
for MMRV-MSD over longer time horizons (≥25 years), with 
fewer QALYs lost for MMRV-MSD regardless of time horizon.

Our analysis was subject to several limitations. While vaccines 
against HZ are available, they were not considered in this model as 

Figure 4. Tornado plot of incremental cost per capita over 50 years following switch from MMRV-MSD to MMRV-GSK (in USD, societal perspective).

Figure 5. Tornado plot for incremental QALYs lost per capita over 50 years following switch from MMRV-MSD to MMRV-GSK.
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the HZ vaccine is not included in the national immunization 
program in Israel. Inclusion of an HZ vaccine could have 
a positive impact on the cost-effectiveness of continuing with 
MMRV-MSD, although the impact would likely be small given 
the nominal difference in HZ cases between vaccine strategies. In 
the model, population size was assumed to be constant, and no 
seasonal effects on disease transmission were considered. 
A varying population size with time-dependent demographic 
parameters and contact rates could potentially change the land
scape of disease transmission, especially if seasonal transmission 
were considered. Further, in instances where country-specific 
inputs were not available, we used data from other countries as 
a proxy. Finally, while Weitzman34 provided HZ incidence data 
from 2006 to 2010, only data prior to the introduction of UVV 
from 2006 to 2007 was used to calibrate the model since it 
provides an accurate reflection of seroprevalence of varicella with
out universal vaccination program. While data over 2 years is 
sufficient for calibration and a good fit was obtained, more pre- 
UVV data would increase confidence in the calibrated model.

Our model showed significant clinical and economic impact 
of switching to a different varicella vaccination strategy. Based 
on our case study, maintaining the UVV strategy with MMRV- 
MSD versus switching to MMRV-GSK is projected to further 
reduce the clinical and humanistic burden of varicella in Israel, 
and to cost less from the societal perspective. These conclu
sions are based on a new dynamic transmission model 
designed to evaluate the impact of changes to an existing 
UVV program. Unlike prior models designed to determine 
whether universal vaccination should be introduced, our 
model provides health and economic insights to inform policy
makers evaluating whether to switch or remain with their 
current vaccination strategy.
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