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Abstract
Background: Varicella vaccination is not currently included in Portugal’s childhood national immunization program. We modeled the clinical and economic impact of a 2-dose universal varicella vaccination (UVV) program in Portugal.
Methods: A dynamic transmission model was adapted to Portugal to assess the impact of UVV over a 50-year time horizon. Two 2-dose UVV strategies (first dose at 12 months, second dose at 5 years) were compared to no vaccination. Clinical outcomes included varicella and herpes zoster incidence rates, cases, deaths, quality-adjusted life years (QALYs) lost, and varicella-related health care resource use. Costs were assessed from the payer perspective (direct costs of treatment) and societal perspective (direct costs plus indirect costs of lost workdays).
Results: Both UVV strategies reduced total varicella cases by 79.4–85.3%, outpatient visits by 78.9–84.8%, and varicella hospitalizations by 69.3–71.3% compared to no varicella vaccination. Herpes zoster cases were reduced by 2.4–2.9%. These strategies resulted in the gain of 5,977–6,094 QALYs and cost savings of €12.0M–15.9M from the payer perspective and €84.2M–93.9M from the societal perspective.
Conclusions: A 2-dose UVV program is estimated to substantially reduce the burden of varicella disease in Portugal and to be cost-saving from both the payer and societal perspectives.
Keywords: Varicella, herpes zoster, universal varicella vaccination, cost-effectiveness modeling, Portugal

Key points for decision makers
· Compared to no varicella vaccination, UVV strategies reduced varicella cases by up to 85.3% and varicella-related hospitalizations by up to 71%.
· UVV strategies were estimated to save up to €15.9M from the payer perspective and €93.9 million from the societal perspective over 50 years, with averted varicella treatment costs more than offsetting the cost of the vaccination program.
· Implementing a 2-dose UVV program in Portugal is projected to reduce disease burden and lead to cost savings.

1.0 Introduction
Varicella (chickenpox) is a highly infectious viral disease whose symptoms include generalized rash, fever, headache, and fatigue [1]. Most cases are mild and self-limiting, but a small percentage progress to dermatological, neurologic, and respiratory complications and occasionally death [1]. Although varicella is primarily a childhood disease, morbidity and mortality rates are higher among adults and infants than among children, and are also increased in pregnant, immunocompromised, and immunosuppressed individuals [1]. Following the resolution of acute varicella illness, the varicella zoster virus establishes a latent infection within the trigeminal and dorsal root ganglia; subsequent reactivation of the virus results in herpes zoster (shingles), a painful rash with the potential to cause serious complications such as chronic neuralgia or death [2].
Both varicella and herpes zoster are associated with significant morbidity, health care costs, and societal costs in Portugal and elsewhere [3-7]. In Portugal, the estimated varicella incidence is 12,693 per 100,000 in children <5 years of age and 5,788 per 100,000 in children 5–9 years of age [8]. The direct costs of varicella hospitalization among children and adolescents between 2000 and 2015 were estimated to be €444,420 per year [4], while a 2021 study estimated the total annual treatment and productivity loss costs of varicella in Portugal to be €6.7M (€2.7M in direct costs and €4.0M in indirect costs) [9]. There are no published estimates of the cost of herpes zoster in Portugal, but the annual direct costs of hospitalization for herpes zoster in neighbouring Spain were recently estimated to be >€35M [10].
Safe and effective varicella vaccines are available, both as monovalent vaccines and as quadrivalent vaccines against measles, mumps, rubella, and varicella (MMRV), and are effective means of decreasing varicella incidence, morbidity, mortality, health care resource use, and costs in countries that have implemented universal varicella vaccination (UVV) [11, 12]. Despite these benefits, however, Portugal is one of several European countries that has not yet incorporated UVV into their national immunization program (NIP) [13]. This is due in part to concerns that UVV could result in an increased incidence of herpes zoster via exogenous boosting. Exogenous boosting hypothesizes that when an adult who was previously infected with varicella is exposed again to the virus, this external exposure strengthens the body’s immune memory against VZV without causing illness, and prevents reactivation of the latent virus as herpes zoster [14-16]. The extension of this is that a reduction in circulating varicella could prevent this repeated external exposure, indirectly resulting in an increase in the incidence of herpes zoster. However, a 2020 UK study reported that the exogenous boosting effect is not as strong or as persistent as previously thought: the chance of developing herpes zoster was estimated to decrease by 33% for 2 years after varicella exposure and by 27% for 10–20 years after exposure [17], whereas some earlier modeling studies had assumed complete protection for up to 20 years [14]. In line with the UK study’s findings, recent real-world data demonstrate that the incidence of herpes zoster has not increased after the implementation of UVV programs [12, 16, 18, 19].
With this in mind, the objective of the current study was to model the clinical and economic impacts of UVV in Portugal over a 50-year time horizon, including effects on both varicella and herpes zoster outcomes.
2.0 Methods
2.1 Model structure, input data, and parameters
The dynamic transmission model used in the current study is described in detail elsewhere [20]. Briefly, a commonly used Maternal–Susceptible–Exposed–Infected–Recovered–Vaccinated model structure was comprehensively updated with the most recent data on duration of infection, health utilities, case fatality rates, exogenous boosting, vaccine performance, and other parameters (Online Resource Tables 1-7) [20]. The model assumed an exogenous boosting proportion of 33.45% and a boosting duration of 81.3 years [17, 20]. The model was further adapted for the current study by incorporating input data and parameters specific to Portugal, or, when such data were not available, the closest available proxy countries or regions (parameters and data sources provided in the Online Resource Tables 1–5, 7). Demographic parameters were populated from Portuguese population data [21]. The model was calibrated against Portugal-specific varicella seroprevalence data and herpes zoster incidence data from Spain (Online Resource Tables 2-3) [22, 23]. Since this was a modeling study using de-identified data as model inputs, no ethical approval or informed consent was required.
2.2 Vaccination strategies
Two UVV strategies were modeled and compared to no varicella vaccination. Both strategies comprised a first dose at 1 year of age with a monovalent varicella vaccine and a second dose at 5 years of age with a quadrivalent MMRV vaccine (due to overlap with the measles, mumps, and rubella (MMR) vaccine schedule in year 5). Vaccination coverage rates (VCRs) were based on the 2023 Portuguese VCRs for the MMR vaccine and were set to 98% for the first dose and 95% for the second [24]. Strategy 1 used vaccines manufactured by Merck Sharp & Dohme, LLC (Rahway, NJ, USA; UVV–MSD): varicella virus vaccine live (Varivax®; V-MSD) for the first dose and MMRV vaccine live (ProQuad®; MMRV–MSD) for the second. Strategy 2 used vaccines manufactured by GlaxoSmithKline (Wavre, Belgium; UVV–GSK): varicella virus vaccine live (Varilrix®; V-GSK) for the first dose and MMRV vaccine live (Priorix-Tetra®; MMRV–GSK) for the second. Both strategies also included a year-long catch-up vaccination program for children 2–5 years of age at the time of UVV initiation, using a single dose of the respective monovalent varicella vaccine at a VCR of 90%. Varicella vaccine characteristics, including vaccine failure and take rates, along with duration of protection against varicella and waning of herpes zoster immunity following vaccination, were parameterized based on long-term clinical trial data on breakthrough varicella infections, i.e., varicella infections occurring in previously-vaccinated individuals [25].
2.3 Costs and health utilities
Since UVV is not yet available in Portugal, vaccine prices are not publicly known. Thus, the input vaccination cost parameters assumed price parity between the following pairs of vaccines: V-MSD and V-GSK; MMRV–MSD and MMRV–GSK; and the MMR vaccines (M-M-R®II; MMR–MSD and Priorix®; MMR–GSK), whose costs were used to calculate the incremental cost of the varicella component of the MMRV vaccines (Online Resource Table 4).
The model used Portugal-specific data for health-utility values for healthy individuals (Online Resource Table 5), including the common assumption that individuals <18 years of age experience full health (i.e., have a health utility value of 1). Health-utility values associated with disease states were obtained from health utilities index questionnaires and pain inventory questionnaires to estimate per-episode quality-adjusted life years (QALYs) lost due to varicella and herpes zoster [26-28]. Direct health care costs associated with the treatment of varicella were also drawn from Portugal-specific data sources (Online Resource Table 7); in contrast, health care resource use data for varicella, and all health care use and cost data for herpes zoster, were drawn from Spanish sources (Online Resource Table 7). Workdays lost to illness were modeled using Portuguese data for varicella cases among caregivers of individuals <18 years of age; due to lack of local data, French data was used for varicella among individuals ≥18 years of age, and US data for herpes zoster (Online Resource Table 7). Productivity loss was calculated by multiplying workdays lost by the Portuguese mean daily wage for 2021 [29]. We assumed that there was no productivity loss among individuals ≥65 years of age. All cost data were inflated to 2023 Euros, and an annual discount rate of 4% was applied to costs and QALYs, per official Portuguese economic evaluation guidelines [30].
2.4 Model calibration
Model calibration was necessary for two categories of parameters: age-specific relative risks of varicella infection and herpes zoster reactivation rate parameters. The relative risks of varicella infection were identified using pre-UVV age-stratified VZV seroprevalence data from Portugal [22] (Online Resource Table 2). Since Portuguese data were unavailable, the herpes zoster reactivation rate parameters were identified using pre-UVV HZ incidence data from Spain [23] (Online Resource Table 3). The calibration was performed in two steps. First, a point estimate for calibrated model parameters was estimated via maximum likelihood estimation. Second, using the point estimate to inform an initial search region, the distributions of the calibrated model parameters were estimated by re-calibrating the model using a history matching procedure and then applying a posterior sampling procedure [31, 32]. All model calculations were performed in Mathematica 13.4; maximum likelihood estimation was performed with the Nelder-Mead algorithm as implemented by the NMinimize routine.
2.5 Model outcomes
All outcomes were modeled over a 50-year time horizon (2023–2072). Clinical outcomes included the incidence, number of cases and deaths, and QALYs lost for both varicella and herpes zoster, as well as varicella-related outpatient visits and hospitalizations. Varicella cases were separated into natural and breakthrough infections, and herpes zoster cases were separated into wild-type cases (i.e., resulting from prior natural varicella infection) and vaccine-type cases caused by reactivation of live varicella vaccine virus, i.e., cases of herpes zoster occurring in individuals previously vaccinated against varicella.
The economic outcomes of the model were costs from the payer perspective (direct costs of vaccination and of varicella- and herpes zoster-associated treatment) and the societal perspective (costs from the payer perspective plus costs of workdays lost to illness). As there is no official cost-effectiveness threshold for Portugal, we considered a vaccination strategy to be cost-effective if the incremental cost per incremental QALY gained compared to no varicella vaccination was below the 2023 per-capita GDP of Portugal (€25,225) [33].
2.6 Sensitivity analyses
The impact of input parameters on QALY and cost outcomes was assessed in deterministic and probabilistic sensitivity analyses. In the deterministic and probabilistic sensitivity analyses, the following probability distributions were assigned. Calibrated parameter distributions were determined empirically through the calibration procedure. Vaccine parameters distributions were estimated from clinical trial data [25]. To simplify the sensitivity analysis, costs and QALY parameters were aggregated into seven categories: vaccination costs, direct treatment costs, indirect treatment costs, natural varicella QALYs, breakthrough varicella QALYs, herpes zoster (without PHN) QALYs, and herpes zoster (with PHN) QALYs. Cost scaling factors were assumed to be lognormally distributed with mean 1 and standard deviation 20%. QALY scaling factors were assumed to be proportional to a Beta distributed random variable with standard deviation of 5%. For parameters whose variance could not be informed by published literature, the standard deviation was assumed to be at the upper end of a plausible range. Additional details are available in the Sensitivity Analysis section of the Online Resource (see also Online Resource Table 8). Lower and upper bounds for the deterministic sensitivity analysis corresponded to the 95% intervals for parameter distributions. The probabilistic sensitivity analysis modeled 1,000 randomly drawn parameter sets.
3.0 Results
3.1 Clinical outcomes: varicella
In the calibration analysis, the model’s varicella seroprevalence and herpes zoster incidence estimates for different age groups reproduced the respective published real-world pre-UVV clinical outcomes data (Online Resource Tables 2-3, Online Resource Figure 1) [22, 23]. In the absence of UVV, the overall annual incidence of varicella in Portugal was 860.0 per 100,000 population.
Both UVV strategies substantially decreased the incidence of varicella over 50 years, to 63.3 per 100,000 under Strategy 1 and 111.2 per 100,000 under Strategy 2 (Figure 1). The decline in varicella incidence among young children was immediate, steep, and sustained for both strategies: by year 10, Strategy 1 had reduced the incidence of varicella by 89.9% among children 0–4 years of age and by 97.2% among those 5–9 years of age, and Strategy 2 by 81.8% and 95.3%, respectively.
Fig 1 Incidence of A) varicella and B) herpes zoster over 50 years
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Both UVV strategies also decreased the total cumulative number of varicella cases over the time horizon in all age groups compared to no varicella vaccination (85.3% decrease under Strategy 1 and 79.4% decrease under Strategy 2; Table 1, Online Resource Figure 2). Most (88.3%) of the overall difference between strategies was due to the >3-fold greater number of breakthrough varicella infections that were predicted to occur under Strategy 2 compared with Strategy 1 (Strategy 2, 281,959 cases; Strategy 1, 192,382 cases). Compared to no varicella vaccination, both UVV strategies also decreased the total number of varicella-related outpatient visits (84.8% decrease under Strategy 1; 78.9% decrease under Strategy 2), hospitalizations (Strategy 1, 71.3%; Strategy 2, 69.3%), and deaths (Strategy 1, 33.8%; Strategy 2, 32.3%) compared to no varicella vaccination (Online Resource Figure 2).
3.2 Clinical outcomes: herpes zoster
In the absence of UVV, the overall annual incidence of herpes zoster was 566.9 per 100,000 population; this incidence temporarily rose under both UVV strategies but then decreased to below baseline by 2040–2042, to a final incidence of 488.3 per 100,000 (13.9% decrease) under Strategy 1 and 483.9 per 100,000 (14.6% decrease) under Strategy 2 by the end of the time horizon (Figure 1). Both UVV strategies also resulted in a slight decrease in the overall cumulative number of herpes zoster cases compared to no varicella vaccination (Strategy 1, 2.4% decrease; Strategy 2, 2.9%; Table 1). Implementing UVV increased the number of herpes zoster-associated deaths by about 3% (Strategy 1, 3.4%; Strategy 2, 3.2%), or by approximately 1 death every 2 years during the 50-year time horizon (no varicella vaccination, 809 deaths; Strategy 1, 836 deaths; Strategy 2, 835 deaths).
3.3 Economic outcomes
Both UVV strategies were cost-saving compared to no varicella vaccination, from the payer and the societal perspectives (Table 2). Strategy 1 resulted in 6,094 QALYs gained – 6,190 QALYs gained due to varicella and 96 QALYs lost due to HZ – and €15.9 million in cost savings from the payer perspective, resulting from nearly €149.7 million in cost savings for varicella treatment, offsetting an additional €10.4 million in HZ treatment costs and €123.4 million for vaccination (Table 3, Table 4). Strategy 1 also resulted in €93.9 million in cost savings from the societal perspective. Strategy 2 resulted in 5,977 QALYs saved – 6,025 QALYs averted due to varicella and 48 QALYs lost due to HZ – and €12.0 million in cost savings from the payer perspective, resulting from €142.1 million in cost savings for varicella treatment, offsetting €9.8 million in additional HZ treatment costs and €120.2 million in vaccination costs (Table 3, Table 4). Strategy 2 resulted in €84.2 million in cost savings from the societal perspective.
3.4 Sensitivity analyses
In a deterministic sensitivity analysis, the herpes zoster-related health utility had the greatest impact on QALY outcomes, followed by the natural varicella utility and the vaccine failure rate (Online Resource Figure 3). In addition, the breakthrough varicella health utility impacted QALY outcomes for Strategy 2. For both UVV strategies, the total cost outcomes were most sensitive to direct treatment costs, followed by the cost of vaccination and the vaccine failure rate; in the analysis from the societal perspective, indirect treatment costs also influenced total costs.
Probabilistic sensitivity analyses demonstrated that model outcomes were robust to simultaneous variation in multiple parameters (Figure 2). For Strategy 1, 67% of the 1,000 iterations were cost-saving from the payer perspective, compared to 64% for Strategy 2; all iterations of both strategies were cost-effective versus no vaccination at a threshold of €25,225/QALY. From the societal perspective, 99% of iterations for both strategies were cost-saving and all iterations were cost-effective. In 83% of realizations, Strategy 1 resulted in more QALYs saved than Strategy 2, compared with no vaccination; in 64% (95%) of realizations, Strategy 1 resulted in greater cost savings than Strategy 2 from the payer (societal) perspective, compared with no vaccination.
Fig 2 Probabilistic sensitivity analysis from the payer (top panels) and societal (bottom panels) perspectives
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QALY, quality-adjusted life years. All cost data are presented in 2023 Euros. The orange line indicates the willingness-to-pay threshold of €25,225 per QALY gained; the red dot indicates the base-case incremental cost per incremental QALY gained, estimated by the model; and each blue dot indicates a parameter set iteration. Quality-adjusted life years and costs were estimated over 50 years under 2 universal varicella vaccination strategies, compared to no varicella vaccination. The costs for the analysis from the payer perspective included the costs of vaccination and of varicella- and herpes zoster-associated health care use; the analysis from the societal perspective also considered the costs of patient and caregiver workdays lost to varicella and herpes zoster infection.
4.0 Discussion
In this study, we adapted a dynamic transmission model to estimate the clinical and economic impact of UVV in Portugal. Both UVV strategies were predicted to decrease the incidence and clinical burden of varicella and herpes zoster in Portugal by the end of the 50-year time horizon. There was a small, temporary increase in the overall annual incidence of herpes zoster under both UVV strategies, but the incidence subsequently decreased to pre-UVV levels by years 17–19 and then continued to fall during the remainder of the 50-year time horizon. The strategies were cost-saving from both the payer and the societal perspectives, but Strategy 1 (UVV–MSD) was predicted to result in more QALYs saved and greater cost savings than Strategy 2 (UVV–GSK). The model was robust to variations in input parameters.
The model’s prediction that UVV would decrease the clinical burden of varicella and herpes zoster in Portugal is consistent with many modeling and real-world studies from other high-income countries [11, 12, 20, 34-40]. Strategy 1 resulted in greater decreases in varicella incidence, cases, hospitalizations, and deaths than Strategy 2, largely due to the greater number of breakthrough varicella infections predicted for Strategy 2. This difference between strategies reflects the higher first dose permanent protection (‘take’) conferred by the MSD vaccines compared to the respective GSK vaccines; this model input parameter was based on long-term follow-up data from large randomized clinical trials, and the current findings are consistent with previous real-world and modeling studies [6, 11, 20, 25, 34, 35].
Our model incorporated the most recent estimates available for the extent and duration of exogenous boosting [17, 20]. As a result of the partial protection conferred by exogenous boosting from circulating varicella zoster virus, we predicted a small, temporary increase in the incidence of herpes zoster under both UVV strategies. This finding was consistent with other modeling studies; as in other modeling and real-world studies, UVV led to a decrease in the incidence of herpes zoster over the longer term [11, 12, 16, 18-20, 40-42]. The lower first dose vaccine ‘take’ and increased number of cases of varicella predicted for Strategy 2 resulted in slightly greater decreases in the incidence and number of cases of herpes zoster under this strategy, compared to Strategy 1, as a result of exogenous boosting. The predicted temporary increase in herpes zoster incidence following the introduction of UVV could potentially be mitigated via universal or targeted adult herpes zoster vaccination, which is not currently included in Portugal’s NIP [13].
Our model estimated that UVV strategies would be cost-saving in Portugal, from both the payer and the societal perspectives. Our finding that greater cost savings were predicted for Strategy 1 (UVV–MSD) than for Strategy 2 (UVV–GSK) mirrors the conclusions of previous comparative modeling studies conducted for Denmark and Italy [20, 35].
While a number of modeling studies from other countries have found that UVV is cost-effective from the payer perspective [20, 34, 36, 37, 40, 41, 43], fewer studies found that UVV is cost-saving from the payer perspective, although not all studies included herpes zoster outcomes [35, 43]. The cost-saving nature of UVV in Portugal reflects the country’s relatively high direct costs of health care (particularly outpatient care) compared to the cost of vaccination, and the country’s aging population (Portugal has one of the oldest populations in Europe, with individuals ≥65 years of age comprising ~25% of the national population) [20, 21, 39, 44].
A major strength of the current analysis is that our model incorporated the most recent real-world data available on important population-independent model input parameters such as exogenous boosting and long-term vaccine performance [20]. Further, we used Portugal-specific input data for population-dependent parameters where possible; however, data were not available for all model parameters, and the use of proxy data from other countries may have affected the model’s relevance to Portugal. The model also assumed a static population and did not account for changes in the population age distribution over time. Given Portugal’s aging population [44], this assumption (as well as our assumption of no productivity losses for individuals ≥65 years of age) may have resulted in an underestimation of the herpes zoster-associated direct and indirect costs saved over the 50-year time horizon. In addition, our model employed the assumption of a health utility value of 1 for healthy children <18 years of age. While this is a common approach in cost-effectiveness modeling, as healthy utility values are generally not available for this population, the assumption may nevertheless impact the cost-effectiveness implications of UVV within the paediatric population. Finally, standard errors were not available for all model parameters used in the DSA and PSA; for these parameters, standard error was assumed to be a percentage of the mean at the upper end of a plausible range.
5.0 Conclusions
In conclusion, UVV was predicted to be a cost-saving intervention in Portugal that would substantially decrease the clinical and economic burden of varicella and herpes zoster over a 50-year time horizon. Policymakers in Portugal should consider implementing UVV program as a strategy to reduce varicella burden of disease.
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Tables


[bookmark: _Ref171503266][bookmark: _Toc193270125]Table 1. Varicella and herpes zoster clinical outcomes over 50 years
	[bookmark: _Hlk176794534]Outcome
	No vaccination
	Strategy 1 (UVV–MSD)
	Strategy 2 (UVV–GSK)

	
	
	Number
	% change a
	Number
	% change a

	Varicella
	
	
	
	
	

	Total varicella cases
	3,644,520
	537,455
	−85.3
	752,261
	−79.4

	Age group (years)
	
	
	
	
	

	0–4
	1,975,784
	207,100
	−89.5
	353,242
	−82.1

	5–9
	969,954
	45,902
	−95.3
	64,060
	−93.4

	10–14
	334,960
	55,327
	−83.5
	72,387
	−78.4

	15–44
	253,507
	143,050
	−43.6
	172,149
	−32.1

	45–64
	72,921
	58,867
	−19.3
	62,423
	−14.4

	≥65
	37,394
	27,208
	−27.2
	28,001
	−25.1

	Infection type
	
	
	
	
	

	Natural
	3,644,520 
	445,073 
	−87.8
	470,303 
	−87.1

	Breakthrough
	NA
	92,382 
	NA
	281,959 
	NA

	Treatment type
	
	
	
	
	

	Outpatient 
	3,309,289 
	503,865 
	−84.8
	699,734 
	−78.9

	Hospitalization
	17,877 
	5,129 
	−71.3
	5,497 
	−69.3

	Total varicella deaths
	367 
	243 
	−33.8
	248 
	−32.4

	Herpes zoster
	
	
	
	
	

	Total herpes zoster cases
	2,402,501 
	2,344,166 
	−2.4
	2,332,740 
	−2.9

	Infection type
	
	
	
	
	

	Wild-type
	2,402,501 
	2,268,315 
	−5.6
	2,270,170 
	−5.5

	Vaccine-type
	NA
	75,851 
	NA
	62,570 
	NA

	Total herpes zoster deaths
	809 
	836 
	+3.4
	835 
	+3.2


NA, not applicable.
a Compared to no varicella vaccination.


[bookmark: _Ref171517192][bookmark: _Toc193270126]Table 2. Cost-effectiveness outcomes for universal varicella vaccination over 50 years from the payer and societal perspectives
	Vaccination strategy
	Total QALYs lost
	Incremental QALYs gained a
	Payer perspective
	Societal perspective

	
	
	
	Total costs (€)
	Incremental costs (€) a
	Total costs (€)
	Incremental costs (€) a

	No vaccination
	28,275
	NA
	547,974,216
	NA
	698,411,744
	NA

	Strategy 1 (UVV–MSD)
	22,181
	6,094
	532,107,927
	−15,866,289
	604,483,209
	−93,928,535

	Strategy 2 (UVV–GSK)
	22,298
	5,977
	535,971,426
	−12,002,789
	614,203,858
	−84,207,886


NA, not applicable; QALY, quality-adjusted life year. All cost data are presented in 2023 Euros.
The costs for the analysis from the payer perspective included the costs of vaccination and of varicella- and herpes zoster-associated health care use; the analysis from the societal perspective also considered the costs of workdays lost to varicella and herpes zoster infection.
a Compared to no varicella vaccination.

[bookmark: _Ref216946399]Table 3. Treatment and vaccination costs for universal varicella vaccination over 50 years from the payer perspective
	Vaccination Strategy
	VZV treatment
	HZ treatment
	VZV vaccination

	
	Total treatment cost (€)
	Incremental treatment cost (€) a
	Total treatment cost (€)
	Incremental treatment cost (€) a
	Total vaccination cost (€)
	Incremental vaccination cost (€) a

	No vaccination
	191,688,950
	N/A
	356,285,265
	N/A
	-
	N/A

	Strategy 1 (UVV–MSD)
	42,031,057
	-149,657,893
	366,643,350
	10,358,085
	123,433,516
	123,433,516

	Strategy 2 (UVV–GSK)
	49,581,532
	-142,107,418
	366,136,103
	9,850,838
	120,253,794
	120,253,794


NA, not applicable; HZ, herpes zoster. All cost data are presented in 2023 Euros. 
a Compared to no varicella vaccination.

[bookmark: _Ref216946414]Table 4. QALY loss for universal varicella vaccination over 50 years 
	Vaccination Strategy
	Total VZV QALYs lost
	Incremental VZV QALYs gained a
	Total HZ QALYs lost
	Incremental HZ QALYs gained a

	No vaccination
	10,587
	N/A
	17,688
	N/A

	Strategy 1 (UVV–MSD)
	4,396
	6,190
	17,784
	-96

	Strategy 2 (UVV–GSK)
	4,561
	6,025
	17,737
	-48


NA, not applicable; QALY, quality-adjusted life year; HZ, herpes zoster.
a Compared to no varicella vaccination.
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