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ABSTRACT

This economic evaluation assesses the cost-effectiveness and budget impact of introducing a two-dose
varicella vaccine in the Russian national immunization program. A static Markov model followed
a simulated 2019 Russian cohort over its lifetime and compared outcomes and costs of three varicella
vaccination strategies: strategy | (doses given at 12 and 15 months of age), strategy Il (doses given at 1
year and 6 years of age), and a no vaccination scenario. Inputs on age-dependent clinical pathways,
associated costs, and related health outcomes were collected from national sources and published
literature. Results are presented as incremental cost-effectiveness ratio (ICER) from the healthcare payer
and societal perspective over the lifetime of the birth cohort and the budget impact over a 10 years' time
horizon. Vaccination strategies | and Il resulted in an ICER of approximately 1.7 million rubles per quality-
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adjusted life years gained from the healthcare payer perspective and were cost-saving from the societal chickenpox

perspective. From the healthcare payer perspective, the costs per varicella case averted were 5,989 and
7,140 rubles per case for strategies | and ll, respectively. However, from the societal perspective, vaccina-
tion is a dominant strategy and the budget impact analysis shows significant healthcare savings over 10
years, with strategy | realizing savings of ~2 billion rubles more than strategy Il. From a public health
impact perspective, varicella vaccination of children at 12 and 15 months of age through the Russian NIP is
expected to be cost-effective with an affordable budget impact compared to no vaccination.

PLAIN LANGUAGE SUMMARY
A graphical version of the plain language summary can be found here: 10.6084/m9.figshare.19291463
Focus on the patient
What is the context?
® Varicella, or chickenpox, is a highly contagious infection. Though mild in children, complications can
occur in older individuals, increasing the economic burden for society and public health institutions.
® In 2019, approximately 0.6% of the Russian population was impacted by varicella, a vaccine-
preventable disease.
® |n Russia, varicella vaccination is only implemented in some regions. These regions report a decreasing
trend in infection rates in the groups covered by vaccination.
What is new?
® This study assesses the public health and economic impact of implementing varicella vaccination in
Russia through its National Immunization Program.
® \We compared two vaccination strategies to a no vaccination scenario:
° Strategy I: two doses at 12 and 15 months of age
o Strategy llI: two doses at 1 and 6 years of age
® Over a 10-year period, we found that:
o Strategy | prevented 607,682 cases, 2,388,659 general practitioner visits and 10,256 hospitalizations,
and saved 6.2 million rubles
o Strategy Il prevented 491,084 cases, 1,805,668 general practitioner visits and 10,108 hospitalizations,
and saved 4.2 million rubles
® Strategy | saves more direct (i.e., general practitioner visits, hospitalizations and treatment) and indirect
(i.e., income loss, disability payments, and caregiving) costs to society than strategy II.
What is the impact?
® Varicella vaccination, especially when introduced at 12 and 15 months (strategy I) in the National
Immunization Program, provides public health and economic benefits.
® From the healthcare payer perspective: this is a cost-effective intervention. From the societal perspec-
tive: the budget impact analysis shows significant savings.
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CoST EFFECTIVENESS AND BUDGET IMPACT
OF UNIVERSAL VARICELLA VACCINATION PROGRAM IN RUSSIA

V/ARICELLA (chickenpox)
is a highly contagious viral infection

820,000 |

infected people

mainly between 3-6 years of age

Would varicella National Immunization Program
(NIP) follow the same trend?"

VARICELLA CAN BE PREVENTED BY VACCINATION

THERE IS NO NATIONAL IMMUNIZATION
PROGRAM FOR VARICELLA IN RussiA

In some regions with
varicella vaccination program :

implemented, it has been reported a
decreasing trend in infection rates
in the groups covered |

COST-EFFECTIVENESS AND PUBLIC HEALTH IMPACT OF VARICELLA NIP IN RUSSIA

VS

Strategy I:
12 and 15 months of age

Strategy I:
ﬁf 607,682 avoided cases

c/@ 2,388,659 avoided visits

i General practitioners |
Cost-saving 6.3 billion rubles

(societal perspective) L DAGRLLE L e R L P PO R PR PPREEREs:

Varicella infections

Hospitalizations 10,256 avoided hosp.

VS

Strategy II:
1and 6 years of age

Strategy II:
491,084 avoided cases

1,805,668 avoided visits

10,108 avoided hosp.

4.3 billion rubles

DIFFERENCE OF 2 BILLION RUBLES OVER THE COURSE OF 10 YEARS.

Vaccination of children against varicella leads to a positive public health and economic impact in Russia.
This benefit is higher when children are vaccinated at 12 and 15 months of age in comparison to the impact of
vaccination when children receive the vaccine at 1and 6 years of age.

COMBINING RESULTS OF THE PUBLIC HEALTH IMPACT, COST-EFFECTIVENESS AND BUDGET IMPACT,

STRATEGY | IS MOST FAVORABLE FOR A VARICELLA VACCINE PROGRAM.

Introduction

Varicella or chickenpox is an acute and highly contagious
infection caused by varicella-zoster virus (VZV). Varicella
usually presents during childhood, but adults may also con-
tract the disease.' Varicella occurs globally and is primarily
documented as a childhood disease with most children
infected acquiring varicella by the age of 10years of age.'
Varicella is usually self-limited in children, but known com-
plications such as secondary bacterial infection of skin
lesions, secondary bacterial pneumonia, and central nervous

system complications including aseptic meningitis, encepha-
litis, and cerebellar ataxia can occur.' Furthermore after the
primary infection, which causes varicella, VZV becomes
latent in the sensory nerve ganglia and the reactivation of
VZV results in herpes zoster (shingles).! Varicella disease
burden is substantial,>® and the major component of this
burden is financial, which is driven by the high number of
cases. The economic impact of varicella infection is two-fold:
direct costs related to the treatment of initial infection and
complications, and indirect costs in terms of work loss
sustained by parents caring for their infected ailing children.



This economic burden on society and national health sys-
tems could be alleviated through the universal implementa-
tion of varicella vaccination.

Currently, several licensed formulations of live attenuated
lyophilized varicella vaccines are available, both as refrigerator-
stable and frozen vaccine formulations. The vaccines are avail-
able either as monovalent (varicella only), or in combination
with the measles, mumps, and rubella (MMR) vaccine.’
Childhood varicella vaccination has been highly effective in
decreasing the global prevalence and impact of the disease on
healthcare systems and society.” The World Health
Organization (WHO) recommends the introduction of vari-
cella vaccine in the national immunization programs (NIP) of
countries where VZV infection is a major public health
concern.” However, resources should be sufficient to ensure
reaching and sustaining vaccine coverage >80%.” In 1995,
varicella vaccine was introduced in the NIP of the United
States of America (US) following which there was a drastic
reduction in the incidence of VZV infections across all age
groups, suggestive of herd immunity at a vaccination coverage
level of approximately 80%.° Similarly, the introduction of
varicella vaccine in the NIP of Spain in 2007 decreased varicella
incidence by 98.5%.” Multiple studies across regions have
reported similar trends of declining incidence and disease
burden in vaccinated and non-vaccinated cohorts following
the successful implementation of a childhood varicella vacci-
nation program.”'* As of 2018, 36 countries and regions had
introduced universal routine varicella vaccination into their
respective NIPs."'

Currently, the Russian Federation does not include routine
varicella vaccination in its NIP although varicella vaccinations
are available in regional programs and in the private sector.'?
Varicella is a common childhood infection in the Russian
Federation and has infected over 858,353 persons in 2017,
mainly between 3 and 6 years of age."> A recent study showed
that, within the Russian Federation, Moscow, a region that
introduced varicella vaccination demonstrates a yearly

Susceptible,
unvaccinated

Infection

‘ Susceptible,
vaccinated

Infection

HUMAN VACCINES & IMMUNOTHERAPEUTICS . €2045152-3

decreasing trend of —3,1% in VZV infection, whilst Saint
Petersburg, a region that didn’t introduce varicella vaccination,
showed a yearly increase of 2,8%."* These results provide sup-
port for the need to include varicella vaccination in the NIP of
the Russian Federation.

In this economic evaluation, we assess the public health
impact of two different childhood varicella vaccination strate-
gies compared to a strategy without varicella vaccination using
Russian-specific demographic, epidemiologic, and cost para-
meters. Such a comparison could be helpful in choosing
a vaccination strategy, which optimizes the public health
impact while having the lowest budget impact for the intro-
duction of varicella vaccination in the NIP of the Russian
Federation.

Methods
Model overview

This economic evaluation compared the cost and outcomes of
two childhood varicella vaccination strategies (strategy I—var-
icella vaccine doses at 12 months and 15 months of age; strat-
egy II—varicella vaccine doses at 1 year and 6 years of age) to
a strategy without childhood varicella vaccination. The impact
of measures to contain the COVID-19 pandemic on varicella
incidence was not considered, assuming that incidence will
return to pre-pandemic values once restrictions are released.

Model structure

The cost-effectiveness analysis was based on a static Markov
model (Figure 1). The model follows the 2019 Russian birth
cohort over their lifetime. The cycle length was 1 month for the
first 5 years and for the remaining years it was set to 1 year.
Model outcomes (costs, quality-adjusted life-years, number of
events) were analyzed at the end of each cycle and aggregated
over the lifetime of the birth cohort.

‘ Susceptible,

vaccinated

Infection

Immune to Varicella

Figure 1. Cost-effectiveness model. 'Individuals susceptible to varicella may become infected with varicella. The probability of infection is age-specific. In vaccinated
individuals, it is reduced by vaccination. The effectiveness of the vaccine may decline exponentially over time. *Following a varicella infection, the individuals become
permanently immune to varicella *Unvaccinated susceptible individuals may receive a 1st dose of varicella vaccine. Susceptible individuals who previously received the
1st dose may then receive a 2nd dose of varicella vaccine (if a 2-dose schedule is considered). All-cause death is possible from any state. Varicella-related deaths are

conservatively not considered.
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Table 1. Summary of base case inputs.

Parameter Value
Birth cohort size 1,481,074

% female 49%

Annual probability of varicella infection in the unvaccinated population—adjusted'® ® (year: 1.66%

Probability of being hospitalized for varicella infection'’

Probability of being hospitalized for breakthrough varicella infection'”

GP visit per natural varicella infection*'®

GP visit per breakthrough varicella infection*'®
Number of QALYs lost per one natural varicella incidence'®

Number of QALYs lost per one breakthrough varicella incidence'®

Cost per varicella hospitalization (rubles)'®?°

GP visit cost (rubles)?°

Vaccine cost (rubles)?’

1-2 years: 3.66%
3-6 years: 8.29%
7-14 years: 1.87%
15-17 years: 0.68%
18-100 years: 0.05%
0year: 6.20%

1-2 years: 2.30%
3-6 years: 1.00%
7-14 years: 2.00%
15-17 years: 2.00%
18-100 years: 5.80%
0 year: 0.62%
1-2years: 0.23%
3-6years: 0.10%
7-14 years: 0.20%
15-17 years: 0.20%
18-100 years: 0.58%
0-100 years: 4
0-100 years: 5

0-14 years: 0.004
15-100 years: 0.005
0-14 years: 0.001
15-100 years: 0.001
0-17 years: 39,509
18-100 years: 32,813
0-17 years: 484
18-100 years: 484
1706.96

Note: *Expert opinion was sought.
GP: general practitioner; QALY: quality-adjusted life year.

The budget impact model was built on the same Markov
trace underlying the cost-effectiveness model. The budget
impact model was developed to accommodate analyses up to
a 10-year horizon. The annual costs per capita were obtained for
each vaccination strategy from the cost-effectiveness model for
each year of the budget impact analysis. The cost of each cycle
was calculated and was utilized to obtain the annual cost. The
total cost of each vaccination strategy in each simulation year
was calculated by applying the predicted annual cost to each
cohort entering the simulation (Supplementary Figure 1).

Health states and transition probabilities

The Markov model (Figure 1) describes the progression of
a Russian birth cohort through a number of pre-defined
health states, capturing all possible states of the VZV infec-
tion: persons who have not experienced varicella infection
(susceptible), persons who are experiencing varicella infec-
tion (natural), persons who had a varicella infection after
one or two doses of the vaccine (breakthrough infection),
persons who have experienced a varicella infection (immune
to varicella), and persons who have died (death due to
varicella). A static Markov model was used to minimize
any uncertainty around changes in the force of infection
due to varicella vaccination. The risk of infection varied by
cohort age of the cohort and was calculated from the current
risk of infection in an unvaccinated Russian population. The
model included all-cause mortality, which was applied at the
beginning of each cycle, transitioning a pre-defined

proportion of patients who were alive at the end of the
previous cycle to an absorbing death state. Conservatively,
mortality due to varicella infection complications was not
included in the base case analysis.

All transition probabilities varied with time and were based
on published data."” Transition from varicella susceptible to
varicella infection was governed by the probability of each type
of varicella, which was dependent on age, vaccine efficacy, and
duration of protection against varicella. Transition between
unvaccinated and vaccinated states was governed by the age
and coverage rates.

Model input data and assumptions

Model input parameters and assumptions are provided in
Table 1.

Model population

The simulation model followed the 2019 Russian birth cohort
(1,481,074 newborns,** of which 49% were female, based on
the distribution of population in the Russian Federation).*’
All-cause mortality for the general Russian population was
sourced from an official source (The Federal State Statistics
Service).”* For the budget impact analysis, the eligible popula-
tion was calculated based on the 2019 Russian birth cohort that
qualifies for vaccination and the age of vaccination depending
on strategy I or IL>



Vaccination strategies and related assumptions

The model compared the cost and outcomes of two different
vaccination strategies: strategy I in which dose 1 of the varicella
vaccine is given at 12 months of age (co-administered with the
MMR vaccine) and dose 2 of the varicella vaccine is given at 15
months of age (co-administered with the pneumococcal con-
jugate vaccine [PCV]), and strategy II in which dose 1 is given
at 1 year of age (co-administered with the MMR vaccine) and
dose 2 at 6 years of age (co-administered with the MMR).

In the model, the direct effect of vaccination was captured
by vaccine efficacy, which was applied to the probability of
varicella in vaccinated individuals. Efficacy against varicella
infection was set to 67.2% for the first dose and 95.4% for
the second dose.”**” Furthermore, we assumed similar efficacy
rates for dose 1 and dose 2 regardless of vaccination strategy.
Indirect effects (herd immunity) were conservatively not con-
sidered in the base case analysis. The model assumed vaccine
coverage rates of 97.0% and 100.0% for the first and second
doses, respectively. For both doses, it was assumed that waning
starts after 10 years and half-life duration was set to 20 years for
the first dose and to lifetime for the second dose.”**’

Risk of varicella disease

The probability of incidence was calculated based on the
reported varicella incidence in 2019."> The model assumed
that people could only have one varicella infection in their life-
span.'® A study including 2,000 samples showed that the ser-
oprevalence of varicella virus in Russia ranges from 30% in
1-year-old children rising to more than 90.0% at 10 years of
age.'® Based on the official reported varicella cases in Russia,
only 36.9% of the birth cohort would report a varicella case in
their lifetime.'” Based on expert opinion, we adjusted the age-
specific probabilities of a varicella infection to reflect an addi-
tional 10.0% of the cases not captured. In order to proportion-
ally increase the probability of a varicella infection across age
groups, a constant adjustment factor of 1.362 was applied,
obtained using MSExcel Goal Seek function, which resulted
in 46.9% of the birth cohort having reported a varicella case
over their lifetime.

Reactivation of VZV, leading to herpes zoster (HZ), was not
considered in our model since the current evidence base is
insufficient to demonstrate an impact of universal varicella
vaccination on HZ incidence.'" The number of general practi-
tioner (GP) visits was assumed to be 4 per varicella infection
and 5 in case of breakthrough infection based on expert opinion
and previously reported data (Table 1).'"® The probability of
varicella infections including breakthrough varicella infection
that lead to hospitalization was obtained previously published
data (Table 1)."” It was assumed that the proportion of hospi-
talizations in infants is the same as in children aged 1-2 years.

Impact of varicella on health-related quality of life

The number of quality-adjusted life years (QALYs) lost per
episode of natural and breakthrough varicella were set based on
estimates published by Brisson and Edmunds (2003)."° In
a natural varicella case, the QALYs lost were estimated based
on a study among 42 parents of children with prior history of
varicella. The quality of life weighting of adults with varicella
was assumed to be similar to that of a mild zoster episode. To
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assess QALYs lost, varicella was assumed to have an average
duration of 7 days. In breakthrough varicella cases, the QALY
lost were assumed to be equal to 0.001 (Table 1).

Direct and indirect costs
The costs associated with hospitalization were acquired from
official reports and treated with appropriate multipliers to
account for disease severity and degree of healthcare
support.'®*® The cost of GP visit and the varicella vaccine were
sourced from official national sources.”’ The cost of each dose of
the varicella vaccine were based on the assumption of imple-
menting the varicella vaccination alone and did not include the
costs of the co-administered vaccines. In addition, it was
assumed that the varicella vaccine is administered together
with other vaccines, therefore administration cost was excluded
in the calculation (Table 1). All costs are presented in rubles.

For the societal perspective, indirect costs to society were
accounted as income loss due to varicella case related to produc-
tivity loss and disability payments and total costs per varicella case
requiring a caregiver. Indirect costs to society comprised of
extended government costs (income tax lost and daily disability
payments) which was estimated at 1,763 rubles per day based on
the monthly average salary of 47,468 rubles in 2019.*® This cost
was accrued in terms of tax loss (i.e. social tax and income tax of
30% and 13%,% respectively) which was estimated at 671 rubles
per day and disability pay was estimated at 1,092 rubles per day.*®
The proportion of cases receiving disability payment was assumed
based on Shakhanina 2009,>° which describes cases based on age
groups and the corresponding disability payment percentage for
each group. The base case value for duration of disability was set
to 12 days as reported by Teplova.’ A total of 21,147 rubles reflect
the total societal costs per case requiring a caregiver (the propor-
tion of varicella cases requiring a caregiver ranged from 0.00 to
1.00 [assumption] based on age).31

While the societal perspective in the cost-effectiveness ana-
lysis considered the total indirect cost, the societal perspective
in the budget impact analysis considered only the costs due to
productivity loss of parents.

Analyses and reporting

The cost-effectiveness model measured outcomes including,
the number of cases of varicella infection, the number of GP
visits, and the number of hospitalizations during the lifetime of
the birth cohort. The model also analyzed the lifetime costs to
the healthcare payer and the society, which include lost
QALYs, the impaired ability to work or engage in leisure
activities due to morbidity, and other indirect costs. Cost-
effectiveness was measured by calculating the incremental cost-
effectiveness ratio (ICER), which is the ratio of incremental
costs over incremental health benefits between the two com-
pared strategies. To adjust the value of future costs and out-
comes to present value, a discount of 3.5% was applied to all
projected costs and health benefits.’” The results are reported
as healthcare payer and societal ICER and the costs per case
averted were transformed to present value using a discount rate
of 3.5%. There is no official willingness-to-pay threshold in
Russia,” therefore we applied an approximate threshold of
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Table 2. Cost-Effectiveness results*.

No Vaccination — Vaccination — strategy | vs No Vaccination — Vaccination strategy Il vs No

vaccination strategy | Vaccination strategy Il Vaccination
Cases of varicella 669,847 62,165 —607,682 178,763 —491,084
Nb. of GP visits 2,679,387 290,727 —2,388,659 873,718 —1,805,668
Nb. of Hospitalizations 10,648 392 -10,256 540 -10,108
Costs of GP visits (rubles) 1,093,876,318 117,830,657 —976,045,661 378,214,804 —715,661,513
Costs of Hospitalizations (rubles) 291,887,643 10,706,768 —281,180,876 15,613,099 —276,274,544
Indirect costs (rubles) 7,924,098,160 722,254,224 —7,201,843,937 2,210,217,423 -5,713,880,738
Total vaccination costs (rubles) - 4,896,557,207 4,896,557,207 4,498,107,249 4,498,107,249
QALYs lost 2,276 103 -2,172 21 —-2,065
ICER payer perspective - - 1,675,338 - 1,698,151
ICER societal perspective - - Dominant - Dominant
Costs per case averted payer - - 5,989 - 7,140

perspective (rubles)

*Results represent total lifetime cost of varicella vaccination in the Russian Federation. Costs and outcomes were discounted to present value with a 3.5% discount rate.
GP: general practitioner; ICER: incremental cost-effectiveness ratio; Nb: number; QALYs: quality-adjusted life years.

a W Payer (direct) cost

6,000,000,000 1

4,234,143,028
3,657:1791249

1.900.I700.DI7 .
29971891937

4,000,000,000 -

2,000,000,000 -

-2,000,000,000 -

Costs (rubles)

-4,000,000,000

-6,000,000,000

1

L

-8,000,000,000
2021 2022 2023 2024

Societal (indirect) cost @ Total cost

-1,161,127,789

L °
-2,492,894,752 ° -~
-2,773,109,300 ®
-3,047,656,180
-3,316,643,028
3,580,175, 444

2025 2026 2027 2028 2029 2030

b £,000,000,000 -

4,000,000,000 -
1,944,752,178

1,539,745,589
2,000,000,000 -

-2,000,000,000

Costs (rubles)

-4,000,000,000 -

-6,000,000,000 -

-8,000,000,000

-732,533,614
-1,675,888,326

> Years

° . o
-581,685,2
S81685.266 563,648,837 L
-1,139,942,884
-1,410,675,04%
-1,675,950,920

Figure 2. Budget impact over a 10-year period (a) Strategy | — Varicella vaccine doses at 12 and 15 months (b) Strategy Il — Varicella vaccine doses at 1 and 6 years

compared to no vaccination.

willingness to pay equal to three times GDP, i.e. 2.333 million
rubles per QALY gained to facilitate the interpretations about
of cost-effectiveness.”

The budget impact was calculated by computing the differ-
ence in total costs accrued by vaccination strategy I or IT and no
vaccination. Societal costs were included in the budget impact
analysis based on expert opinion. No discount rate was applied
to the costs in the budget impact analysis.

One-way deterministic sensitivity analysis (DSA) was con-
ducted to assess the sensitivity of the model to a variation in
a particular model parameter or a group of parameters. The
analysis was done using plausible ranges based on the available
data or a percentage variation (all-cause mortality: £25%; risk
of varicella and zoster: £10%; vaccine coverage and efficacy:
£5%; duration of protection: 0 and 100 years; costs: £10%). Key
parameters that have the highest impact on the model were



identified and presented as a ‘tornado chart’. Multivariate
probabilistic sensitivity analysis (PSA) was performed to
explore the effects of all parameters simultaneously using
a Monte Carlo simulation. An appropriate distribution was
specified for each parameter of interest, transition probabilities
and shares were varied using a beta distribution, number of
events was varied using a normal distribution and costs were
varied using a gamma distribution. The model was then run
1,000 times and at each run the values of all included para-
meters were drawn randomly from their respective distribu-
tions. The results of the PSA from a health payer perspective
are presented in the cost-effectiveness plane and cost-
effectiveness acceptability curve. All the cost and outcome
simulation runs were presented in a cost-effective plane.
Additionally, the results were also presented in a cost-
effectiveness acceptability curve, which shows the probability
of a varicella vaccination being accepted as cost-effective for
various cost-effectiveness thresholds.
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The model was programmed in Microsoft Excel 2010, using
Visual Basic for Applications (VBA).

Results
Base case analysis

Over lifetime, vaccination of the 2019 Russian birth cohort of
1,481,074 newborns utilizing strategy I is projected to avert
607,682 cases of varicella, 2,388,659 GP visits, 10,256 hospita-
lizations, and realize 2,172 QALY gains when compared to the
strategy without varicella vaccination (Table 2). Varicella vac-
cination of the same birth cohort using strategy II is expected
to avert 491,084 cases of varicella, 1,805,668 GP visits, 10,108
hospitalizations, and realize 2,065 QALY gains over a lifetime
horizon when compared to the strategy without varicella vac-
cination. Both vaccination strategies result in an ICER of
approximately 1.7 million rubles per QALY gained from the

W Higher case Lower case

a
QALY loss due to varicella 1.396,115
Nb. of GP visits, per case of varicella 1321526
Varicella vaccine cost, TPP
Probability of varicella infection 1523,023
Cost of a GP visit 1,630,407 |

Cost of a hospitalisation for varicella 1,662,394

Probability of being hospitalised for varicella 1,664,549
All-cause mortality factor 1,671,928 | 1,678,624

E] 1,00[]I,0[]0 Z,OO(I],UUU S,UD[I],OUU
ICER (rubles per QALY)
b
OALY loss due to varicella 1,415,126 89
Nb. of GP visits, per case of varicella 1,235,100
Varicella vaccine cost, TPP 1,
Probability of varicella infection 1,554,734
Cost of a GP visit 1663489 | 17

Cost of a hospitalisation for varicella 1,684,770

Probability of being hospitalised for varicella 1,692,740
All-cause mortality factor 1,700,041

[I] 1,000I,0[]U 2,00(;,000 3,006,000

ICER (rubles per QALY)

Figure 3. Deterministic sensitivity analysis (a) Strategy | — Varicella vaccine doses at 12 and 15 months (b) Strategy Il — Varicella vaccine doses at 1 and 6 years compared
to no vaccination. GP: general practitioner; ICER: incremental cost-effectiveness ratio; Nb: number; QALY: quality-adjusted life year; TPP: third-party payer.
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Figure 4. Probabilistic sensitivity analysis (a) Strategy | — Varicella vaccine doses at 12 and 15 months (b) Strategy Il - Varicella vaccine doses at 1 and 6 years compared
to no vaccination. The red dot in the middle represents the base case among other 1000 other simulations in blue around that.

healthcare payer perspective, which is below the cost-
effectiveness threshold of 2.333 million rubles per QALY
gained and is cost-saving considering the societal perspective,
which includes indirect costs to society and the government.
The total costs per varicella case averted was 5,989 and 7,140
rubles per case for strategies I and II, respectively (Table 2).

The estimated budget impact for strategy I and II from the
payer (direct medical costs) and societal (direct medical costs
and indirect costs) perspective is presented in Figure 2 a and b,
respectively. A detailed description of the direct and indirect
costs per year is included in Supplementary Table 1. For
strategy I, the budget impact analysis from the societal per-
spective predicts a return on investment in 2025, after only 5
years with total savings exceeding 6.3 billion rubles during
a 10-year time frame. For strategy II, the model projects
a return on investment in 2024, continuing for the years
after. However, since children will get their second dose at
age 6, an investment has to be made in year 2026, wherein
the savings are projected to be smaller but will continue to
increase the years after. After this ten-year period, it is esti-
mated that the total cost savings from strategy II could exceed
4.2 billion rubles, including the investment costs of
vaccination.

Sensitivity analysis

Figure 3 shows the effect of varying one or more key para-
meters of the model on the ICER values for strategy I and II,
respectively. For strategy I, the parameters with the highest
impact on estimated ICER were loss of QALY due to varicella
infection followed by the number of GP visits and cost of
vaccination. Other parameters like the probability of varicella
infection, cost of GP visit, cost of hospitalization, probability of
being hospitalized due to varicella infection, and all-cause
mortality factor had a minimal effect on estimated ICER.
A similar trend was observed for strategy II.

The cost-effectiveness plane displays the incremental costs
and incremental outcomes obtained with each simulation
(Figure 4). From the healthcare payer perspective, both vacci-
nation strategies were always more effective and more costly
than the no vaccination strategy (Figure 4). The probability of
being cost-effective under specific threshold values is presented
in Supplementary Figure 2. For varicella vaccination using
strategy I, considering a threshold of 2,000,000 rubles, about
78.4% of all simulations in the PSA show cost-effectiveness.
The probability of being cost-effective decreases as the ICER
threshold decreases; a threshold of 1,500,000 rubles per QALY



has an approximately 26.7% chance of being cost-effective in
this analysis. For strategy II, about 74.4% and 23.5% of the
simulations are deemed cost-effective under a threshold of
2,000,000 and 1,500,000 rubles per QALY, respectively.

Discussion

The introduction of new vaccines into NIPs and sustaining
delivery of routine vaccination stays vitally important, espe-
cially in the coronavirus disease era, to alleviate any further
burden on national healthcare resources. Prevention of vari-
cella through vaccination has been sidelined as the disease is
assumed to have lower mortality rates than other diseases.’
However, an increasing number of countries have begun to
recognize the substantial burden of disease incurred due to
VZV. This includes the impact on quality of life of the affected
children and their caregivers, as a consequence of which var-
icella vaccination has been implemented through the national
immunization calendars in several countries.'" Considering
the regional epidemiological trends from Russia,'” further
attention is warranted toward the prevention of varicella in
the country.

Since 2013, varicella vaccination has been implemented in
Russia according to epidemiological indications and as part of
regional immunization programs in some regions.
Historically, one of the first regions that introduced varicella
vaccination into its regional immunization calendar was
Sverdlovsk region in 2008.°>° The first experience of vari-
cellaimmunization was analyzed in the capital of the region—
Ekaterinburg: it was demonstrated that varicella vaccination
was effective and safe for planned vaccination (children 3-6
years of age) and for post-exposure immunization.
Specifically, >3,500 children 3-6 years of age attending kin-
dergartens were immunized against varicella with 98% pro-
tective efficacy. Coverage levels reached in the vaccine target
group were 54.0%.>> Later, the Sverdlovsk region diverted its
financial resources for varicella vaccination in one district
(Kachkanar), which has the highest incidence of varicella
infection.’” The varicella incidence was analyzed from 1990
to 2016 in Kachkanar and compared with the average inci-
dence in Sverdlovsk region. After the implementation of
varicella immunization in Kachkanar, the incidence dropped
from 1204.7 per 100,000 population (2007, before vaccination
start) to 20.6 per 100,000 general population (2012, after 3
years of successful implementation of vaccination) which was
35 times lower than average incidence in Sverdlovsk region.

The program was extremely successful but in 2013-2016,
due to limited financial resources, the region saw an increase in
varicella as high as the average incidence documented in the
Sverdlovsk region.”” Other regional varicella vaccination pro-
grams have also met with success and show a marked decline in
varicella incidence and burden compared to those regions
without a varicella vaccination program. Importantly, achiev-
ing a high vaccination coverage was crucial in order to have an
impact on varicella incidence."**® Collectively, these regional
experiences with a varicella vaccination program emphasize
the need to consider the inclusion of varicella vaccination in
the Russian Federations” national schedule of vaccinations.
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In Russia, varicella vaccination is licensed since 2019 with
a two dose schedule and a minimum interval of 6 weeks
between doses.?® However, expert consensus from two meet-
ings on varicella vaccination recommends a varicella vaccina-
tion program for children using a two dose schedule at 12
months and 6 years of age.’”*® Therefore, we assessed the
public health impact of two different childhood varicella vac-
cination strategies compared to a strategy without varicella
vaccination, which can be helpful in choosing the optimal
vaccination strategy with the highest public health impact
and the lowest budget impact in the Russian Federation. The
results from this economic evaluation show that vaccinating
children at 12 and 15 months of age results in larger public
health benefits, compared to vaccination at 1 and 6 years of age.
Under current model inputs, the base case shows a difference
of approximately 117,000 additional cases avoided for strategy
I, over strategy II. This subsequently leads to more savings in
direct medical costs, due to less GP visits and need for hospi-
talization. However, we acknowledge that any decision regard-
ing dosing strategy is multifactorial including also other
considerations such as ease of incorporation of new vaccines
into the current NIP. Both strategies show cost-saving results
when looking at the societal perspective of the vaccination
strategies (see Plain Language Summary for a simple overview
of main findings of this research). Differences between ICERs
from a payer perspective are also relatively similar. The ICER is
one of the key decision parameters to evaluate the clinical and
cost-effectiveness of a medical program. In Russia, there is no
pre-determined ICER threshold level for decision-makers;
thus, we applied an approximate threshold of willingness to
pay equal to three times GDP ie. 2.333 million rubles per
QALY gained to facilitate the interpretations about cost-
effectiveness. In countries without an acceptable threshold,
cost-effectiveness curves can also be useful in determining the
probability of the vaccination program being cost-effective
under different threshold values. Analysis of the incremental
cost-effectiveness curve of both vaccination strategies shows
that strategy I has a higher probability of being cost-effective
compared to strategy II. From a budget impact perspective,
both strategies provide a return on investment. For strategy I,
the return on investment is achieved at year 5 and for strategy
IT at year 4. This can be explained by the fact that for strategy I,
the government is assumed to invest vaccination costs for one
cohort all in the same year (at month 12 and 15), while for
strategy II costs are spread over different years (year 1 and 6).
However, it is important to note that the total cost-savings for
strategy I is 6.3 billion rubles and for strategy II is 4.3 billion
rubles; this translates to a difference of 2 billion rubles over the
course of 10 years. Combining results of the public health
impact, cost-effectiveness and budget impact, strategy I is
most favorable for a varicella vaccine program. From an imple-
mentation perspective, varicella vaccination introduction can
be easily done by co-administrating with existing antigen vac-
cines in the NIP (MMR and PCV).

The study has several limitations. This economic evaluation
utilized a static model instead of a dynamic model, which means
that herd immunity was unaccounted for in the model.
Reported varicella cases are considered fairly low compared
with published values from other regions. In most countries
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with temperate climates, over 90% of children and adolescents
will have been infected with varicella by the age of 15 years.-
164142 Therefore, based on expert opinion we increased the
overall incidence from the reported 36.9% to 46.9%, which is
still lower than values observed in other countries. Mortality
due to varicella infections was not included in this model, as we
could not find reliable sources of varicella associated mortality
rates in Russia. Both decisions may have led to an underestima-
tion of the public health impact of varicella vaccination at the
population level. The current results can be considered conser-
vative with more favorable outcomes expected if herd immunity
and mortality due to varicella were considered in the model and
if higher varicella incidence values were assumed. The number
of GP visits had a significant impact on the estimated ICER
values for both vaccination strategies. The values were based on
a previously published study,'® not an epidemiological study,
and can be considered a limitation.

In conclusion, our analysis showed that the inclusion of
varicella vaccination of children at 12 and 15 months of age
into the Russian NIP is expected to be cost-effective with an
affordable budget impact.
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