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The broader benefits of vaccines: 
methodologies for inclusion in economic evaluation

Abstract
Objectives: As the societal value of vaccines is increasingly recognized, there is a need to examine methodological approaches that could be used to integrate these various benefits in the economic evaluation of a vaccine.
Methods: A literature review and two expert panel meetings explored methodologies to value herd immunity, health spillover effects (beyond herd immunity), impact on antimicrobial resistance, productivity and equity implications of vaccines. 
Results: The consideration of broader benefits of vaccines in economic evaluation is complicated and necessitates technical expertise. Whereas methodologies to account for herd immunity and work productivity are relatively well established, approaches to investigate equity implications are developing and less frequently applied. Modelling the potential impact on antimicrobial resistance not only depends on the multi-faceted causal relationship between vaccination and resistance, but also on data availability.
Conclusion: Different methods are available to value the broad impact of vaccines and it is important that analysts are aware of their strengths and limitations and justify their choice of method. Over the next five years, we expect that an increasing number of economic evaluations will consider the broader benefits of vaccines as part of their base-case analysis or in sensitivity analyses.




Article highlights

· The trend towards broader value assessment of vaccines requires analysts to consider herd immunity and other health spillover effects, as well as the impact of vaccination on antimicrobial resistance, work productivity and equity.
· Today, there exists little guidance about the methodologies that can be applied to account for the broader benefits of vaccines in economic evaluation.
· Extended analyses and sophisticated modelling techniques are needed to investigate the broader benefits of vaccines.
· Analysts can draw on existing methodologies to account for herd immunity and vaccination impact on work productivity. Methodologies to explore equity implications are available but their integration into cost-effectiveness estimates remains of an exploratory nature.
· Although methodologies to examine the broader benefits of vaccines are available, analysts need to consider their limitations and provide a rationale for their choice of methods.












1. Introduction

Vaccines are evaluated on multiple criteria. Their cost-effectiveness has become an increasingly important determinant of public funding decisions. Traditionally, such information is provided to policy makers through economic evaluations. These analyses express the incremental costs of a vaccination program (i.e. the cost of the vaccination program minus the costs of the absence of its implementation and the necessity to treat the disease) relative to the health benefits of vaccination (often being expressed in terms of quality-adjusted life years gained or disability-adjusted life years avoided). Evidence from economic evaluation is increasingly adopted in National Immunization Technical Advisory Group decision making and has even become a legal requirement in some countries [1].

It is, however, well known that incremental cost-effectiveness ratios only provide a partial estimate of the benefits that vaccination brings to patients, caregivers and societies. In the last few years, there has been a move towards broader value assessment of drugs (including vaccines) [2, 3]. This has, amongst other things, been inspired by the development of the so-called ‘ISPOR value flower’, which identifies a number of benefits in addition to those traditionally considered by health care payers [4, 5]. It  has also been recognized by many economic evaluation experts in the field of vaccination who have warned about the risks of relying on a too narrow evaluation framework for vaccines [6, 7, 8, 9, 10]. Multiple expert panels have sought to reach consensus on the methodology of economic evaluation for vaccines, but they have formulated little concrete advice on how to value the societal impact of vaccines [11, 12, 13, 14].

Evidence is emerging about the broader benefits of vaccines [10, 15, 16, 17, 18, 19, 20]. For instance, a recent systematic review explored the extent to which broader benefits were included in economic evaluations of vaccines and which methods were used [21]. However, this review focused on herd immunity and work productivity; and did not consider health spillover effects, antimicrobial resistance or equity implications. Also, the review only included articles published until 2019. So far, analysts aiming to undertake an economic evaluation of a vaccine have little guidance on the methods available to include these broader benefits. Current methods also present limitations that must be properly understood.

The aim of this study is to list and discuss methodological approaches to value the broader benefits of vaccines. This study extends the current state of the art by providing a comprehensive and up-to-date overview and assessment by experts of evolving methodologies to capture the societal value of vaccines. It also formulates recommendations on how to incorporate the broader benefits of vaccines in future economic evaluations. 

2. Methods

This study applied a mixed-methods approach, consisting of a literature review and expert meetings. Although many different benefits of vaccines have been identified in the literature [7, 9, 15, 16, 22], this study was restricted to a sub-set of benefits which have been highlighted in a recent article advocating a societal perspective for vaccines by accounting for herd immunity, health spillover effects beyond herd immunity, impact on antimicrobial resistance, consequences for work productivity and equity implications [6]. This study focuses on the application of methodologies related to the broader benefits of vaccines in high-income countries, but specificities to low- and middle-income countries are discussed when relevant.

2.1. Literature review

A literature search in PubMed focused on: a) methodological approaches to assess the broader benefits of drugs including vaccines; and b) methodologies applied by economic evaluations that consider the broader benefits of vaccines. Search terms included ‘methodology’, ‘value element’, ‘herd immunity’, ‘spillover’, ‘antimicrobial resistance’, ‘productivity’, ‘equity’ alone and in combination with ‘vaccine’. The bibliography of included studies was searched for relevant material. Additionally, the grey literature was included by searching guidelines on economic evaluation of vaccines issued by advisory committees or international organizations (e.g. the UK Joint Committee on Vaccination and Immunization, the World Health Organization) and methodological reports on the broader benefits of vaccines published by consultancy agencies (e.g. the Office of Health Economics). Only English-language articles or reports were eligible for inclusion and no geographical constraints were imposed. For each of the broader benefits of vaccines, available methodologies and their (dis)advantages were summarised narratively.

2.2. Expert meetings

A slide deck describing the results of the literature review was prepared by SS, ST and JL for presentation during two expert meetings. The slide deck served as a tool for informing discussions among experts during the meeting held in November 2021, and for generating recommendations by consensus on how to quantify each broader benefit of vaccines in future economic evaluations during the meeting held in November 2022. As this study fit within a Belgian initiative to explore a broader perspective for vaccines, the sample of Belgian experts consisted of four health economists, a clinical expert and three observers from pharmaceutical industry. Two experts from the Health Care Knowledge Centre (i.e. the Belgian health technology assessment agency) joined the second expert meeting. Even though all experts were Belgians, they considered methodologies related to broader benefits of vaccines from an international perspective.

3. Results

The following sections summarize discussions on each broader benefit of vaccines and recommendations to integrate the societal value of vaccines in economic evaluation are reported in Table 1.

3.1. Herd immunity

Herd immunity relates to the phenomenon where vaccination of a sufficiently large number of people induces protection against infection in remaining susceptible individuals, through reducing the likelihood of coming into contact with a carrier of the pathogen [23]. Herd immunity of a vaccine can be included in a static or dynamic economic model [24, 25]. A static economic model assumes a constant risk of infection in a specific cohort over the time horizon. Herd immunity can however be captured by applying a variable (or lower) incidence rate of infection in function of the vaccination in other cohorts (based on an idea of the size of the herd immunity component) or by estimating the herd immunity impact from surveillance data or from dynamic models. In a dynamic model, the risk of infection depends on the percentage of infected people, the rate of infection transmission, the contact patterns within the population, vaccine coverage and population characteristics. Such a model allows to consider all facets of disease transmission and (waning of) vaccine protection in the population and is preferred when vaccination reduces the transmission rate of people at risk. The literature review has identified a number of criteria that need to be considered when choosing between a static or a dynamic model, including whether vaccination influences the transmission rate, whether high-quality surveillance data and a reliable contact patterns matrix within the population are available, and whether the individuals to be vaccinated represent an epidemiologically influential group for transmitting the infection [14, 25, 26]. With respect to the last criterion, vaccination of health care workers against hepatitis A, for example, does not require a dynamic model [27].

During the expert meetings, it was agreed that, when the force of infection can be considered as independent from the vaccination program (as is the case with targeted programs of less infectious diseases), static models are appropriate. If vaccination itself changes the risk that individuals are infected, a dynamic model is advised. Experts also acknowledged that dynamic models have limitations because herd immunity is very complex and cannot always be captured accurately by a model. Another alternative is to test implications through a pragmatic approach consisting of a static model which incorporates herd immunity as an exogenous variable.

3.2. Health spillover effects (beyond herd immunity)

A patient’s health condition may affect the health of his/her network (e.g. relatives, friends, work colleagues) through: a) an interplay of psychological, emotional and physical interdependence; b) the burden of caregiving responsibilities; or c) disease transmission [28]. This is what is called health spillover effects [29]. For example, parents of very young children with meningitis are anxious about their sick child, they undertake increased caring responsibility affecting their health and meningitis can spread within the family [30]. In low- and middle-income countries, health spillover effects have also been evidenced for vaccines and mass drug administration in controlling infectious diseases [31]. Henceforth, vaccination may prevent negative health spillover effects beyond preventing patients’ health deterioration and this broader benefit should also be accounted for in economic evaluation of vaccines when relevant.

The literature proposes different methods to measure spillover effects on the health-related quality of life of subjects other than the patient [32, 33, 34]. These involve measuring: a) the health-related quality of life of the affected person based on a regression analysis assuming interdependence between utility functions of the patient and the affected person; b) the person’s utility relative to a control group; or c) the person’s utility based on a hypothetical scenario in which the patient is healthy or does not require caregiving. The application of these methods requires the availability of health-related quality of life data. An alternative approach is to use a multiplier adjusting a patient’s health gain for the spillover on affected person(s) [34, 35]. A recent literature review of cost-utility analyses considering health spillover effects identified 15 studies of vaccines, mainly related to rotavirus vaccination [36]. Nearly all analyses included these effects, with utilities generally derived from an observational study based on the EuroQol-5D health-related quality of life questionnaire.

Our expert panel argued that it is important to consider health-related quality of life data in subjects other than the patient who are affected and who will benefit from a vaccination program. In practice, it is important to delineate what is in scope of the economic evaluation and what is not. For instance, is there a need to incorporate health spillover effects arising from increased uptake as a result of a vaccination program? Is the analysis of health-related spillover effects restricted to other affected subjects’ health-related quality of life or does it extend to wellbeing-related spillovers? Hence, it is crucial that analysts transparently report which health spillover effects they consider and how it impacts the cost-effectiveness of a vaccine. Care must also be taken to avoid potential double-counting with other benefits of vaccination (such as herd immunity and work productivity gain). Finally, experts believed that it is more relevant to integrate health spillover effects in case of vaccination for diseases with chronic sequelae/consequences (e.g. meningitis and its long-term sequelae, post-acute sequelae SARS-CoV-2 infection) than for vaccination preventing acute diseases.

3.3. Antimicrobial resistance

Vaccination may have an impact on the amount of antimicrobial use and on the occurrence and spread of antimicrobial resistance [37, 38]. In low- and middle-income countries, the antimicrobial resistance burden is becoming particularly alarming [39], and vaccines are advocated as a way to limit antimicrobial overuse [40]. Two systematic literature reviews examined the impact of vaccines on antimicrobial use [41, 42]. The authors observed that, although the empirical literature is heterogeneous in terms of study design, risk groups and vaccines considered; vaccines against influenza and pneumococcus may have a significant impact on decreasing antimicrobial use, either directly or indirectly (for example by decreasing the numbers of febrile events leading to antibiotic prescriptions). In a recent systematic review, most studies observed that pneumococcal conjugate vaccination was associated with a decline in antimicrobial resistance [43]. Hence, the savings and health benefit of vaccination related to antimicrobial resistance need to be integrated in the value assessment of vaccines [44]. 

Modelling this broader benefit of vaccines is complicated due to the multiple pathways through which vaccination may impact antimicrobial resistance [37]. Therefore, there is a need for sophisticated mathematical models with validated structure, input parameters and sensitivity analyses; and country-, vaccine- and pathogen-specific models which reflect characteristics of the local vaccination program, infection incidence and antibiotic prescribing behavior [37, 38]. Table 2 lists the methodologies and data sources that have been used in selected economic evaluations to account for the impact of vaccination on antimicrobial resistance.

In addition to the complex causal relationship between vaccination and antimicrobial resistance, the experts emphasized that the incorporation of this benefit in economic evaluation depends on the availability of high-quality data. Thus, they suggested that the best available evidence on antimicrobial resistance should be reported separately, if it is not possible to model the impact of vaccination on resistance in an economic evaluation. 

3.4. Work productivity

As infectious diseases may be associated with significant morbidity and premature death, they can also have a substantial impact on people’s availability for work in high-income countries as well as in low- and middle-income countries. This can occur directly in patients being sick, but also indirectly through the need for caregiving. Hence, there is a need to consider the productivity benefit of a vaccine, as advocated by countries that adopt a societal perspective to economic evaluation such as the Netherlands [45].

The impact of vaccination on work productivity of individuals who perform paid work can typically be quantified using the human capital approach or the friction cost approach [46, 47, 48]. The human capital approach considers the effect of vaccination on the time worked by an individual (expressed in days) and multiplies this time by the mean gross wage. However, this approach may over-estimate the impact on productivity gain when there is no full employment in society. Therefore, the friction cost approach focuses on the work productivity during the period required to replace an individual, hire and train a new employee (the so-called ‘friction period’). It needs to be noted that the duration of the friction period is influenced by factors such as the type of job, region and timing, and the application of this approach requires context-specific estimates of the friction period [49]. Given that both approaches value productivity using the mean wage, they do not account for the time losses incurred by people who do not earn wages (e.g. children, students, retired persons). This disadvantage is particularly relevant to the valuation of the productivity impact of a vaccine in low- and middle-income countries, which can have a sizeable unpaid labour sector.

Vaccination may also have an impact on the productivity loss of family members or friends who care for an infected patient. This type of unpaid work performed by informal caregivers can be valued by the opportunity cost approach, the replacement cost approach, or a stated preference approach [32, 50]. The opportunity cost approach uses the wage that an individual would have earned if (s)he was not engaged in caregiving. A limitation of this approach is that it is more difficult to assign a value to informal care time when an individual would have performed unpaid work or enjoyed leisure time. This limitation does not arise with the replacement cost approach, which makes use of the wage of a professional caregiver. Finally, the stated preference approach assigns a value to informal care time by means of contingent valuation or conjoint analysis.

A systematic literature review about the consequences of vaccination on work productivity argued that the importance of this benefit depends on the target disease and the number of people concerned [48]. For instance, the productivity impact on caregivers is relevant for vaccines targeting young people, the impact on patients and caregivers is relevant for vaccines targeting adult people, and the impact on patients is less relevant for vaccines targeting elderly who may not work anymore. When calculating the impact of vaccination on work productivity, it can be important to not only consider the benefits of vaccination, but also include the productivity loss related to the time spent to get a vaccine (e.g. Belgian people got two hours off work to get vaccinated during the first COVID-19 wave) or to carry out other vaccination-related activities [51].

With respect to measuring the work productivity impact of vaccination in terms of absenteeism, presenteeism and loss of unpaid work, a systematic literature review found that numerous instruments exist, but the majority is not fully fit for use in economic evaluation because they do not consider loss of unpaid work, do not measure long-term disability of respondents and/or cannot be used in the context of the friction cost approach [52]. Examples of how economic evaluations of vaccines have considered the impact on work productivity are provided in Table 3.

The experts made a number of recommendations when it comes to valuing the work productivity impact of vaccines. First, they argued that the choice of approach depends on the employment rate in society: if there is (close to) full employment, the human capital approach is appropriate; if replacement is likely, then the friction cost approach can be used. Second, as the work productivity impact is not restricted to patients but may extend to (in)formal caregivers, they advocated the use of an instrument such as the Work Productivity and Activity Impairment questionnaire because there exists a version for patients and a version for caregivers [53]. Third, the amount of work productivity loss can be valued by means of the average wage of the population or by means of a more specific average wage when vaccination targets a particular group of individuals. Given that it is difficultto account for unpaid work, experts proposed to calculate the volume of unpaid work, but not to value it (as also suggested by Belgian guidelines for economic evaluation) [54]. Alternatively, a monetary value can be attached by means of for example the opportunity cost or the replacement cost approach in a sensitivity analysis. Fourth, COVID-19 has shown that a pandemic may generate work productivity losses on a much broader scale (e.g. negative impact on tourism, the restaurant sector, etc.). Therefore, it was suggested by experts to distinguish between the individual work productivity impact (as measured by the human capital or friction cost approach) in an economic evaluation, which is relevant for most common infectious diseases, and broader work productivity losses estimated in a macro-economic model for more exceptional disease outbreaks.

3.5. Equity

The value of a vaccine is not only determined by its ability to generate health benefits relative to costs, but also by how benefits and costs are distributed across stakeholders involved, usually captured under the term ‘equity’. For instance, either through herd immunity or through the direct impact of vaccination, vaccines can exert a positive influence on the health of disadvantaged population groups, a benefit which is typically associated with the goal of health equity. In some instances, and particularly in low- and middle-income countries, these groups are also disproportionately affected by the burden of infectious diseases. Besides their protective health benefits, vaccines offer these groups financial risk protection (medical bills, inability to work, etc.). This is another example of how vaccination can induce a spillover effect, but its impact can be more devastating in economically disadvantaged groups and can further reduce equality of opportunity. These concerns are even more relevant for low- and middle-income countries where health care systems are typically more dependent on user charges and where the financial risk of becoming ill is higher. Furthermore, equity can manifest itself within a vaccination program. A vaccine can concentrate costs and risks in specific profiles, while benefits are distributed to other population subgroups. For instance, an influenza vaccination program targeted at young children generates costs and risks of vaccine-induced side effects in that group while the main beneficiaries of this program (at least in terms of more serious disease episodes and risks of mortality) could be the elderly (who care for them). 

To which extent these distributive benefits lead, ultimately, to higher levels of equity or not depends on values and ethical perspectives, but it is undisputed that such considerations should be integrated in economic evaluation, or should at least be offered as a complementary perspective. The value of vaccines cannot be established without clearly understanding the distributional consequences: analysts have to demonstrate how the different costs, risks and benefits of a vaccination program are distributed over relevant population strata as this will also affect the attractiveness of the program for public funding.

There are, in general, two ways to investigate and report potential equity consequences of a vaccination program and Table 4 summarizes how economic evaluations of vaccines have integrated an equity component in practice. One is to present distributional evidence, apart from incremental cost-effectiveness ratios, in separate analyses. By disentangling how costs and benefits fall on different population subgroups of interest, as defined by for example age, income, ethnicity, location or health status, decision makers can judge whether consequences are disproportionately concentrated in particular groups. For instance, a literature review showed that disease severity and age were most commonly considered as separate factors in economic evaluations of rotavirus vaccine in low- and middle-income countries [55]. The methodology of ‘extended cost-effectiveness analysis’ does so particularly for the impact of financial risk protection [56]. The drawback of these complementary analyses is that it often complicates rather than facilitates decision making. For instance, it leaves decision makers to assess the overall value of a vaccination program based on different distributions according to different criteria (e.g. health distribution across age strata vs. cost distribution across income strata). A trade-off also needs to be made on how much cost-effectiveness can be given up in order to gain more equitable distributions, while guaranteeing consistency with other funding decisions. 

A second method (algorithmic approach) is able to provide more consistency across funding decisions: this method aims to assign weight to benefits depending on how they fall on different stakeholders concerned and calculates an outcome measure that integrates all relevant equity and efficiency considerations into one single metric: an equity-weighted incremental cost-effectiveness ratio. To be able to do this, analysts require, amongst other things, estimates of how inequitable costs and benefits are when they occur in particular patients’ profiles relative to others. These ‘weights’ can be provided through multiple analytic techniques, ranging from surveys with open-ended questions to more complex conjoint analyses, but the reliability and validity of such estimates remains a matter of debate [57].  Apart from the challenge of how to obtain such weights, it is also complex to identify all equity-relevant subjects’ profiles affected by vaccination, as there are many equity-relevant characteristics of people. However, in the context of health equity, there is a case for considering the health status of socially disadvantaged socio-economic population strata. Weights that reflect the population’s aversion of inequality across these socio-economic population strata can be integrated into an ‘equity-weighted or distributional cost-effectiveness analysis’. The latter is a particular technique that aims to also incorporate opportunity costs in terms of forgone health spending for other patients. 

According to the Belgian expert panel, it is theoretically attractive to use these methods to account for equity, but the operational concerns still make these methods exploratory. The expert panel recommends that, particularly for the evaluation of vaccines in a high-income country where the equity impact of vaccination is arguably lower than in low- and middle-income countries, analysts describe the potentially relevant equity aspects of a vaccine and provide a sensitivity analysis where equity-sensitive parameters are altered, using an appropriate method (such as extended or distributional cost-effectiveness analysis). This recommendation is in line with the general guidance issued by the Canadian National Advisory Committee on Immunization [58]. 

4. Conclusion

Methodologies are available to incorporate broader benefits of vaccination due to herd immunity and other health spillover effects, reduction of antimicrobial resistance, work productivity gain and equity in economic evaluation. However, these methodologies suffer from a number of limitations and some are still in development and thus require further research and application. We advocate that analysts first assess which benefits are particularly relevant to a vaccine before making a justified choice of specific methodologies to integrate those benefits in the economic evaluation of that vaccine.

5. Expert Opinion

There is an increasing awareness among stakeholders of the broader benefits that vaccines can generate (as a consequence of, for example, the COVID-19 pandemic) and we believe that this trend is set to continue. This is reflected, amongst other things, in the development of frameworks which conceptualize the societal value of vaccines [7, 8, 10, 59] and in the observation that value assessment frameworks in a number of countries consider multiple benefits in practice [8, 22]. These broader benefits matter as the literature has shown that their inclusion may impact the cost-effectiveness of vaccines [48, 60, 61]. However, it also raises a number of difficult questions. For instance, do decision makers fund a vaccine if it turns out to be not cost-effective from the narrow health care payer perspective, but is cost-effective from the broad societal perspective? Do decision makers need to adapt their cost-effectiveness threshold when economic evaluations of vaccines (and other drugs) incorporate their broader benefits [62]? Considering the wide range of potential benefits of vaccines, do decision makers need to focus on maximizing health and consider the health benefits of vaccines only or do they need to maximize social welfare and account for all health and non-health benefits of vaccines [11, 13, 63]? With respect to the latter, a recent Perspective argued that vaccines contribute amongst other things to decreasing poverty and help to attain the United Nations Sustainable Development Goals [64].

We presented here various methodologies that can be used to generate a comprehensive picture of the benefits of a vaccine. Although the consideration of these benefits in economic evaluation allows to gain insight in the societal impact of a vaccine, their inclusion may also raise uncertainty as a result of increased complexity. The assessment of vaccines also depends on the availability of high-quality data on these benefits and necessitates technical expertise in conducting more sophisticated economic evaluations [8]. This raises standards for developers who seek funding for their vaccine, adds to the cost and evidence burden of bringing a vaccine to market and may delay access to vaccination. With a view to support the move towards broad value assessment of vaccines, researchers have advocated increased investment in methodological research and data infrastructure, changes to the decision making process, and public engagement [65].

We argue in favor of a broad value assessment of not only vaccines, but of health technologies in general. This creates a level-playing field as all health technologies are assessed in terms of the same benefits, even though some benefits may be more relevant to specific health technologies than others. This calls for a systemic change in how stakeholders approach economic evaluation, involves a recognition that health technologies can generate benefits beyond the health care system, and requires that budget silos are transcended in the interest of a societal perspective [51, 66].

In addition to the consideration of broader benefits, there are other methodological issues related to economic evaluation of vaccines that are subject to debate [12, 14, 26]. For instance, the choice of appropriate discount rate is unresolved. This particularly applies to childhood vaccination programs, in which vaccination costs occur now, but health benefits can be spread over many years. Different discounting approaches have been proposed in the literature, including common discounting of costs and health benefits, differential discounting, non-constant discounting, and delayed discounting [67]. This issue is not only relevant for vaccines, but also for other health technologies such as screening and other prevention measures. 
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[bookmark: _GoBack]Table 1. Expert recommendations on how to include the broader benefits of vaccines in future economic evaluations
	

	HERD IMMUNITY

	· A static model needs to be chosen when the vaccination program has no impact on the infection risk. If vaccination has an impact on the infection risk, then a dynamic model is appropriate.
· It is possible to integrate herd immunity as a separate exogenous benefit in a static model.


	HEALTH SPILLOVER EFFECTS (BEYOND HERD IMMUNITY)

	· Analysts need to define the scope of an economic evaluation and specify which health spillover effects they consider to be relevant to a vaccine.
· Vaccines offering protection against chronic diseases are more likely to generate health spillover effects and therefore these should be considered in their economic evaluation.


	ANTIMICROBIAL RESISTANCE

	· Ideally, the impact of vaccination on antimicrobial resistance should be modelled in economic evaluation. Alternatively, evidence of this impact needs to be presented separately.


	WORK PRODUCTIVITY

	· The impact of vaccination on work productivity needs to be valued using the human capital approach when there is full employment and the friction cost approach when there is unemployment.
· The work productivity impact of vaccination should be measured by an instrument that is applicable to patients and to caregivers.
· The mean wage of the population or of a specific group of individuals needs to be used to value the implications for work productivity depending on the target group of vaccination.
· Capturing the broader economic implications of a pandemic (and the impact of vaccination) requires a macro-economic model.


	EQUITY

	· Analysts should identify relevant equity implications of a vaccine and integrate these in a separate extended or distributional cost-effectiveness analysis that supplements the standard economic evaluation.









Table 2. Examples of economic evaluations accounting for impact of vaccination on antimicrobial resistance
	COUNTRY
	VACCINE
	METHODOLOGY
	DATA SOURCES
	REFERENCE

	China
	Pneumococcal conjugate vaccine
	Micro-simulation model which examines impact of vaccination coverage on pneumococcal infections; with the resulting use of antibiotics and their pharmacokinetic/dynamic profile determining susceptibility/resistance, treatment duration and success/failure
	Literature, assumptions
	[68]

	Ethiopia
	Pneumococcal conjugate vaccine
	Micro-simulation model which examines impact of vaccination on pneumococcal infections, antibiotic use and resistance, and treatment outcomes
	Literature, assumptions
	[69]

	China, India
	Hypothetical tuberculosis vaccines
	Dynamic transmission model exploring impact of vaccination on drug-susceptible and multidrug-resistant tuberculosis
	Literature, assumptions
	[70]






Table 3. Examples of economic evaluations accounting for impact of vaccination on productivity
	COUNTRY
	VACCINE
	METHODOLOGY
	DATA SOURCES
	REFERENCE

	Denmark
	COVID-19 vaccine
	Dynamic transmission model including consideration of productivity loss associated with COVID-19 disease using human capital approach (based on duration of disease, employment rate, number of work hours per day, earnings per work hour)
	Literature
	[71]

	Taiwan
	COVID-19 vaccine
	Markov model which also considers avoidance of productivity and educational loss associated with COVID-19 disease, and productivity loss associated with vaccination (i.e. vaccine administration and adverse events) 
	Literature
	[72]

	South Korea
	COVID-19 vaccine and social distancing
	Dynamic transmission model which uses human capital approach to measure productivity loss generated by patient with COVID-19 disease and by mother with infected child, productivity foregone due to premature death, and GDP loss associated with social distancing
	Literature, assumptions
	[73]







Table 4. Examples of economic evaluations accounting for equity implications of vaccination
	COUNTRY
	VACCINE
	METHODOLOGY
	DATA SOURCES
	REFERENCE

	UK
	Varicella-zoster virus vaccine
	Dynamic transmission model with weight of quality-adjusted life years depending on age group and type of vaccine effect (i.e. direct protection, herd immunity, vaccine adverse events) as informed by public preferences
	Literature
	[74]

	China
	Human papillomavirus vaccine
	Extended cost-effectiveness analysis based on individual simulation model calculating number of cervical cancer cases averted, number of deaths averted, out-of-pocket expenditure on cancer treatment averted (in absolute terms and as % of income) by income quintile
	Literature, assumptions
	[75]

	Ethiopia
	Pneumococcal vaccination
	Extended cost-effectiveness analysis based on decision model where results are analysed in terms of deaths averted and financial risk protection offered to households, and presented by wealth strata
	Literature, assumptions
	[76]

	New Zealand
	Human papillomavirus vaccine
	Markov macro-simulation model analysing cases and quality-adjusted life years, with separate analyses for equity-relevant population subgroups defined by ethnicity and social deprivation
	Literature, assumptions
	[77]

	Ethiopia
	Rotavirus vaccine
	Distributional cost-effectiveness analysis computing costs and deaths averted by vaccination and opportunity costs in terms of health-adjusted life years lost by income quintile
	Literature, assumptions
	[78]
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