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ABSTRACT
Introduction: Influenza vaccines are formulated each year to prevent serious illness in at-risk individuals, includ-
ing elderly people. Healthcare decision-making is mainly based on the economic evaluations (EEs) (i.e., cost-
effectiveness analysis [CEA]) of vaccines; however, understanding the limitations of these models and correctly 
interpreting the results may be challenging. Here, we provide a practical Guide that will help readers who are not 
experts in the field of health economics or influenza to critically review influenza vaccine EEs.
Methods: This Guide is based on the findings of a systematic review of the literature, a critical analysis of the 
available EEs published for influenza vaccines for older adults in Spain, and applicable national and international 
guidelines on EE and influenza modeling. It has been developed by a multidisciplinary board of experts in influ-
enza, vaccines, and health economics.
Results: The guide provides tips to help the reader assess whether an EE design is fit for its purpose in terms of 
comparators, time horizon, perspective of the analysis, population analyzed, and whether appropriate modeling 
methods were applied. It detects the uncertainty arising from input data and the implications of this uncertainty 
on the results.
Conclusions: Ultimately, this resource aims to empower decision-makers, particularly those without expertise in 
health economics or vaccinology, to critically read and interpret EEs, thus favoring evidence-based informed deci-
sions that will improve the efficiency of influenza vaccination programs.
Keywords: Critical reading, Economic evaluations, Healthcare decision-making, Health policy, Influenza vaccination

pregnant women, and all-age patients with comorbidities in 
which influenza may develop into a more serious condition.

Faced with budget constraints, health authorities must 
optimize resources by integrating economic evaluations 
(EEs) alongside clinical data in their decision-making. Spain, 
for example, has a decentralized healthcare system in which 
each autonomous region is empowered to decide which type 
of vaccine will be used in the influenza vaccination program 
(2). In this context, decision-makers must rely on robust EE, 
such as cost-effectiveness analyses (CEAs), to guide their 
choices.

Guidelines to improve the design and development of 
economic evaluation (3,4) and economic evaluation of influ-
enza vaccines (5,6) have been published. However, as we 

Introduction
Influenza is a viral illness that occurs in seasonal epidem-

ics each year (1). Vaccines are formulated annually to prevent 
serious disease in at-risk individuals, mainly elderly people, 
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previously reported in a critical review of Spanish EEs (7), 
these guidelines are not consistently followed. In particu-
lar, we identified inadequate management of uncertainty 
in the evaluated EEs, as well as insufficient transparency in 
the presentation and justification of the design and param-
eter choices. Understanding the limitations of the published 
models can be challenging for non-expert readers, particu-
larly given the specific characteristics of influenza. With this 
Guide, we aim to provide a practical framework to support 
non-expert readers in health economics or influenza in crit-
ically reviewing influenza vaccine EEs. Unlike existing ones, 
this Guide is written from the perspective of the specialists—
such as health professionals, clinicians, and policymakers—
who may encounter challenges in assessing study quality, 
making it both practical and influenza-specific. It may enable 
them to appraise influenza EEs critically, identify sources of 
uncertainty, and make informed, unbiased decisions without 
requiring in-depth technical knowledge of EE or modeling. 

Methodology 
The present study is based on the findings of a previ-

ous investigation (Lejarazu et al.) (7), consisting of a sys-
tematic literature review (SLR) of Spanish EEs published 
from 2016 to 2022, followed by a structured appraisal of 
the identified studies by a multidisciplinary expert panel 
(including clinicians from all therapeutic areas involved in 
influenza prevention and specialists in pharmacoeconom-
ics), using established quality-assessment checklists such as 
the Transparent Uncertainty ASsessmenT (TRUST) tool (8),  
and the WHO (World Health Organization) guidance on 
the economic evaluation of influenza vaccine strategies (6) 
(further details on the systematic search strategy and the 
critical appraisal of the EEs are available in the referenced 
publication). Rather than updating that review, the primary 
objective of this Guide was to address the recurrent method-
ological limitations and key considerations identified in the 
SLR and to translate them into practical guidance for the crit-
ical appraisal of EEs.  

Uncertainty in economic modeling: it can be an issue 
when not adequately controlled

EEs rely on mathematical models representing a simplified 
view of the disease and comparing the costs and outcomes of 
a new intervention to those yielded by standard care (9). As 
such, uncertainty is inherent to EEs and may affect the incre-
mental cost-effectiveness ratio (ICER) to a greater or lesser 
extent. Thus, it is important to identify and quantify uncer-
tainty to ensure that EEs are correctly interpreted and can be 
reliably used as a basis for decision-making (10). 

Various degrees of uncertainty may affect EEs, namely: 
the structure, the methods on which they rely, and the 
parameters introduced. Here, we summarize the three types 
of uncertainty and the importance of controlling them with 
sensitivity analyses.

Model or structural uncertainty: it arises from the choice 
of the model (e.g., dynamic or static), its structure, and how 
health states are connected. It also analyses whether the 
model correctly assesses the main objective (9,11-13).

Methodological uncertainty: it arises from the evalu-
ation methods used to estimate the use of resources and 
the health outcomes of the assessed interventions, i.e., the 
perspective chosen, the time horizon, and the analytic tech-
nique used (cost per life year or per quality-adjusted life year 
(QALY), discount rate, etc.) (13). 

Parameter uncertainty: it arises from the specific data 
used to feed the model (inputs), such as efficacy and/or 
effectiveness, unit costs, resource use/costs, epidemiologi-
cal burden of the disease, etc. (9). Parameter uncertainty is 
a second-order uncertainty because parameters are them-
selves estimated quantities (11).

Critical reading of influenza vaccine economic 
evaluations: a practical guide

After defining the basic concepts of EEs (see Glossary, 
Supplementary Table 1) and uncertainty, we will go through 
the most essential questions the reader should ask to ensure 
they have fully understood an EE of influenza vaccines. A 
practical checklist for critical reading is provided in Table 1, 
complemented by the minimum reporting standards recom-
mended for influenza vaccine EEs. Additionally, an applied 
example of how to critically read an EE is presented in 
Supplementary Table 2.

Assessing the general model design: Does it really answer 
the research question?

This section of the checklist reviews the foundation of 
the model, assessing structural uncertainty. The model must 
be designed to answer the research question; therefore, 
its structure must reflect this purpose. While more sophis-
ticated models can simulate more complex situations, they 
also incorporate an increasing number of equations that 
need additional data input, and this is likely to increase the 
level of uncertainty of the model. Thus, an appropriate trade-
off should be sought between the risk and benefit of increas-
ing the complexity of a given model.

Was the most adequate type of model used?

Different factors, such as the decision context, the mech-
anisms relevant to the research question, or the target pop-
ulation, should drive the choice between static and dynamic 
models for influenza vaccines. If the virus’s dynamic expo-
sure is not required to be represented and the time hori-
zon is short, deterministic decision models such as decision 
trees are appropriate. These models are commonly used 
to evaluate direct-effect strategies (e.g., elderly vaccination 
strategies). If the horizon is longer, the next consideration 
is whether patient history and interactions are relevant. If 
not, Markov models are the right choice, especially when 
there is a limited number of health states and interactions. 
However, when prior history and interactions are import-
ant, discrete-event simulation models may be appropriate. 
If dynamic exposure probabilities should be considered, for 
example, when vaccination strategies can alter transmission 
at the population level, dynamic transmission models are 
recommended. These models capture indirect effects such as 
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herd immunity, inter-group interactions, and evolving infec-
tion risks that depend on the number of infected individuals. 
They are particularly appropriate for complex scenarios, such 
as child vaccination strategies, where both direct and indirect 
effects are substantial (6,14). Figure 1 represents a decision 
diagram for choosing between static and dynamic models. 

Assessing modeling methods: are they appropriate?

The key elements in any EE are the perspective of the 
analysis, the time horizon and discount rate, the population, 
and the comparators used. Each of these must be appropri-
ately chosen to correctly estimate the results. In the follow-
ing section, we go through the questions that must be asked 
to assess the methodological uncertainty of the model.

Was the perspective of the analysis appropriate? Are the  
results presented accordingly?

The perspective from which costs and benefits are esti-
mated determines the choice of the resources included in 
the EE. The perspectives of the healthcare payer and the soci-
etal perspective are complementary, so ideally, the analyses 
resulting from the application of both perspectives should be 
presented separately (3,4,9,15-17). However, some excep-
tions can be made, provided they are consistent with the 
objective of the study. 

Was the time horizon appropriate?

The analytical horizon for EEs should be long enough to 
account for differences in costs and consequences between 
the various strategies being evaluated (18). The time horizon 
chosen for an EE of influenza immunization should be at least 

one influenza season, approximately from October to April in 
the Northern hemisphere; however, 12 months is generally 
used, starting with the launch of the immunization campaign. 
This horizon accounts for direct costs and the immediate 
clinical consequences of influenza, which are usually quan-
tifiable in the short term, while some benefits—particularly 
those related to avoided premature mortality—and indirect 
costs extend over the remaining lifetime of affected individ-
uals. For this reason, although a one-year time horizon may 
be appropriate to capture the short-term costs and effects of 
seasonal vaccination, the consequences of prevented mor-
tality beyond this period should be fully incorporated into the 
model results. Longer time horizons may still be required in 
more complex modeling approaches, such as dynamic mod-
els that track populations over time to capture the build-up 
of immunity and herd protection (6). 

As for discount rates, while short-term costs are not dis-
counted, long-term benefits associated with avoided deaths 
(in terms of life years gained [LYG], QALY, and productivity 
[indirect costs]) should be incorporated by assigning dis-
counted lifetime pay-offs that reflect the full benefits at the 
standard rate accepted by each country, which constitutes 
the base case of the analysis (6). 

In the case of Spain, this is 3% with a range of 0-5% eval-
uated in the deterministic sensitivity analysis (DSA) (4,19). 
The WHO-CHOICE (WHO- Choosing Interventions that are 
Cost-Effective) recommendations for the sensitivity analysis 
include using a 3% discount rate for costs and effects, and 
an alternative scenario with a 0% discount rate (6). It is also 
recommended that cost flows and health effects, both dis-
counted and undiscounted, be presented separately and in 
detail whenever possible (4).

FIGURE 1 - Decision diagram 
for selecting static vs dynamic 
modeling approaches (adapted 
from Soto et al. (14)).
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Moreover, the question of whether differential discount-
ing should be applied to non-monetary benefits (i.e., QALYs) 
at a lower rate than cost is currently under debate (20,21). 
Some countries, such as the Netherlands and Poland, already 
use differential rates, while others implement differential 
rates for time horizons above 30 years, e.g., France and 
Thailand (22). Some authors have proposed that the discount 
rate applied to benefits should be 2 to 5 percentage points 
lower than the discount rate applied to costs (20,21). 

Was the target population adequately defined?

Populations must be chosen in accordance with the 
objective of the analysis. For example, for influenza vaccines 
in Spain, Spanish recommendations for influenza immuniza-
tion (23,24) should be taken into account. Because not all 
available vaccines are targeted at all groups with a high risk 
of complications, the population should be consistent with 
the labeling of the assessed vaccines.

Were all the relevant comparators included in the analysis?

In general, an EE should at least compare the intervention 
under study with the standard of care (5,6). If a single stan-
dard of care has not been established, all relevant compara-
tors should be evaluated pairwise. In the case of influenza, 
comparators should include all vaccines relevant for the tar-
get population and the setting if their cost-effectiveness rela-
tive to the intervention under study has not previously been 
clearly established. 

Assessing the quality of the model input: were input param-
eters the most appropriate?

This section assesses parameter uncertainty, which can 
originate from the inherent variability of the outcome to be 
measured or the lack of knowledge (25). While relative vac-
cine effectiveness differentially impacts the branches of the 
comparison, all other variables are applied to all branches 
according to effectiveness. Thus, the uncertainty surrounding 
effectiveness directly contributes to the overall uncertainty 
surrounding cost-effectiveness results.

Was the burden of illness correctly estimated?

 The burden of illness encompasses both the clinical bur-
den of influenza —namely, influenza-related morbidity and 
mortality — and the associated economic burden, includ-
ing direct healthcare costs and indirect productivity losses. 
In static models, this burden is represented by the distribu-
tion of the population across different health states (e.g., 
healthy, symptomatic, requiring general practice, requiring 
emergency department, requiring hospitalization, dead), 
as determined by the epidemiology of the infection and its 
consequences. Each health state is associated with specific 
health outcomes, such as QALYs, as well as direct and indirect 
costs. Therefore, the distribution of individuals across health 
states has a major influence on cost-effectiveness results 
(26). Given the inter-seasonal variability inherent to influenza 
epidemiology and its direct implications for the estimation of 
disease burden, guidelines (5,6) recommend estimating the 

burden of illness over at least 5 seasons, excluding pandemic 
events. These data may be easily obtained from each coun-
try’s national influenza surveillance system, so there is no 
reason to include fewer seasons in this estimate. The greater 
the number of seasons included, the greater the reduction of 
the uncertainty surrounding the results. Some studies have 
used up to 10 seasons, excluding the last pandemic season 
of 2009-10. Studies that include COVID-19 pandemic seasons 
should be carefully considered due to the presence of addi-
tional preventive measures. In particular, seasons affected by 
measures such as masking mandates, physical distancing pol-
icies, or other non-pharmaceutical interventions should gen-
erally be excluded from disease burden estimates, as these 
procedures substantially altered the transmission dynamics  
of respiratory viruses. When such seasons cannot be 
excluded, co-circulation of SARS-CoV-2 and its potential inter-
action with influenza activity should be explicitly addressed 
in the analysis. Furthermore, influenza infection must be lab-
oratory-confirmed, and coinfection with COVID-19 must be 
excluded.

Was epidemiology correctly modeled in a dynamic model?

Dynamic models are usually used in influenza vaccination 
when the total population is divided into different health 
states with respect to infection, e.g., Susceptible, Exposed, 
Infected, Recovered (SEIR). Individuals move from one group 
to another based on a series of parameters such as vacci-
nation coverage, vaccine effectiveness, attack rate, basic 
reproduction number (R0), etc. All these parameters must be 
included in the model; however, they are often dependent 
on the characteristics of each influenza season and are not 
always available for the population under study. This requires 
assumptions to be made, which must be correctly justified. In 
addition, calibration of the model should be performed and 
reported to show how well it reproduces influenza epidemi-
ology (15). 

There are three main types of model validation: internal, 
cross, and external validity. In internal validation, mathemati-
cal calculations are examined through the verification of indi-
vidual equations and their accurate implementation in code. 
By cross-validation, a model is compared with others address-
ing the same problem to evaluate consistency in results and 
understand the sources of any differences. External valida-
tion is used to compare model outputs with real-world event 
data by simulating actual scenarios using information such 
as population characteristics, treatment protocols, and out-
come definitions (27). Table 2 presents a concise list of valida-
tions that should be applied to the influenza models. 

Was the best available efficacy/effectiveness evidence used? 
If so, was it used appropriately?

Relative vaccine effectiveness is one of the main parame-
ters affecting EEs; in fact, it provides the coefficient by which 
all benefit outcomes are distributed over the comparators. 
Therefore, various aspects must be considered:

WHO guidelines (5,6) discourage cherry-picking single 
studies in favor of systematic reviews of the available evi-
dence. This may be done by conducting an ad-hoc literature 
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TABLE 2 - Summary of internal, cross, and external validations that can be applied in influenza models

Internal validation

Checks that equations, parameter values, and coding are implemented correctly. 
→ �This validation includes verifying calculations of influenza-attributable ILI/SARI rates, ensuring consistent application of WHO-

recommended vaccine effectiveness parameters, and confirming correct implementation of costs and discounting.

Cross validation

Compares model outputs with other influenza vaccination models or alternative disease-burden estimation methods to assess consistency 
in projected cases, hospitalizations, deaths averted, and program costs.

External validation

Assesses agreement with real-world data by comparing model predictions with observed influenza surveillance indicators (ILI/SARI), 
vaccine effectiveness estimates, program coverage, and healthcare resource use reported in WHO guidance and national data.

ILI = Influenza-like illness; SARI = Severe acute respiratory infection; WHO = World Health Organization

review and meta-analysis or by sourcing a recently published 
one. In the first case, review methods should be transpar-
ently reported in the model documentation. In both cases, 
the A Measurement Tool to Assess Systematic Reviews 2 
(AMSTAR-2) (28) checklist can be applied as a guide to qual-
ity assessment. When data sources were selected using a 
targeted literature review, this method should be justified in 
the publication and taken into consideration by the reader. 
Additionally, attention must be paid to the characteristics of 
the meta-analytical results. In observational vaccine effec-
tiveness studies, the design and methods are often hetero-
geneous, with no gold standard. Thus, when heterogeneity 
between studies is high, no conclusions should be drawn. In 
fact, the uncertainty introduced by heterogeneity between 
studies can mask differences that may exist, although avail-
able data are insufficient to detect them. 

What is the quality and reliability of the selected source? Is it 
the best available source?

Not all evidence is equally robust and reliable. Therefore, 
the first step when considering EEs should be to assess the 
quality of the effectiveness sources alone and in comparison 

to other available sources. For transparency, the authors 
should disclose and thoroughly discuss both data source lim-
itations and the justification for choosing one available source 
over others; however, this is often not the case. When the 
reader feels that the information reported in the publication 
is insufficient to determine the reliability of the data source, 
the original publication should be retrieved and analyzed. 

According to the principles of evidence-based medi-
cine, the strongest evidence comes from systematic litera-
ture reviews with meta-analyses of randomized controlled 
trials (RCTs). This is followed by single, well-designed RCTs, 
then observational or real-world evidence (RWE) with rig-
orous selection of participants, sufficient sample size, and 
follow-up based on a protocol that has been disclosed and 
approved before the start of the study (29). Grading of 
Recommendations Assessment, Development and Evaluation 
(GRADE) criteria help modify this rigid hierarchical structure 
by including more study characteristics than just the study 
design (29,30). However, observational studies should never 
be graded higher than RCTs. Using these guidelines, the best 
available evidence should be considered. The evidence qual-
ity pyramid is presented in Figure 2.

FIGURE 2 - Integration of the 
evidence pyramid [Murad et al., 
(31)] and the GRADE criteria  
for evaluating evidence quality 
[Guyatt et al., (32)]. 
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Only a few RCTs in influenza vaccines have been pub-
lished so far, and most data come from seasonal influenza 
observational studies (33). Even though they are less robust 
than RCTs, meta-analyses of observational studies can offer 
more robust data than single observational studies, provided 
inter-study heterogeneity is low enough to allow reliable 
conclusions to be drawn. Nonetheless, whenever an RCT is 
available, it should be prioritized over a meta-analysis based 
on observational data, or at least. To appraise methodologi-
cal robustness, an appropriate quality checklist could be used 
as a guide, e.g., Risk of Bias 2 (RoB2) (34) for randomized 
controlled studies, Risk Of Bias In Non-randomized Studies 
(ROBINS-I) (35) for non-randomized intervention studies, 
Newcastle-Ottawa Scale (36) for observational studies, etc. 
However, these are generic tools that focus on study design, 
and there are more specific questions to be evaluated when 
dealing with influenza vaccine effectiveness. One is the num-
ber of seasons included in the study: most studies include just 
one or two seasons. Because vaccine effectiveness depends 
greatly on the level of matching between vaccine composi-
tion and strain circulation in each season, this must be con-
sidered when interpreting results. Another relevant aspect 
is case definition. Most accurate studies define influenza 
cases by PCR laboratory tests; however, many studies, mainly 
observational, performed in the general practice setting use 

the influenza-like illness (ILI) definition, which may include 
patients with symptomatology similar to influenza but attrib-
utable to other respiratory viruses. Thus, absolute vaccine 
effectiveness in this case may be underestimated. 

With all this information, the readers should be able to 
evaluate for themselves whether the selected evidence was 
actually the best available or whether the choice was biased. 
Table 3 shows a checklist for evaluating influenza vaccine 
effectiveness evidence. 

Are utility values reliable?

A main limitation with EEs is the obtention of utility 
values. In general, the use of indirect measurement instru-
ments, such as the EQ-5D (EuroQol 5 Dimensions) and SF-6D 
(Short Form-6 Dimensions), is recommended for the base 
case (19,37), with value sets derived from a representative 
sample of the general population to ensure greater appli-
cability and comparability across studies. Direct methods 
(TTO [time trade-off], and SG [standard gamble]) (18) may be 
employed when their use is justified and appropriate. When 
population-specific estimates are unavailable, utility values 
can be obtained from studies conducted in comparable pop-
ulations. Finally, if there is no empirical data, expert opin-
ion may be used as a last resort. However, the uncertainty 
associated with these data would need to be evaluated in a 

TABLE 3 - Short checklist for evaluating influenza vaccine effectiveness: quality of evidence  

1. Type of evidence and prioritization
☐ Are there RCTs?
→ Prioritize RCTs whenever available.
☐ If no RCTs are available: does the evidence come from observational studies or meta-analyses?
→ Meta-analyses of observational studies can be useful only if inter-study heterogeneity is low enough to draw reliable conclusions.

2. Heterogeneity between studies
☐ Does the meta-analysis report heterogeneity statistics? (I², τ², etc.)*
☐ Were influence/sensitivity analyses conducted?
☐ Does heterogeneity compromise the validity of the conclusions?
*�Authors should follow PRISMA 2020 guidelines (41) for transparent reporting of synthesis methods, explicitly reporting random effects 
heterogeneity statistics (I², τ²) and conducting influence or sensitivity analyses where feasible.

3. Number of seasons included
☐ How many influenza seasons are included in the study?
→ 1–2 seasons = weaker evidence
→ Multiple seasons = preferable 
☐ Was the degree of vaccine match/mismatch with circulating strains in each season considered?

4. Case definition
☐ Were cases defined by PCR testing? → higher accuracy
☐ Was a clinical ILI definition used?
→ Risk of underestimating VE due to the inclusion of other respiratory infections
☐ Is it explained how the case definition may affect reported VE?

5. Heterogeneity by subgroup and context
☐ Were differences in VE evaluated by: age, comorbidities, vaccine type (TIV/QIV/LAIV), geographic region?
☐ Was interannual variation in viral circulation, transmissibility, and prior immunity adequately considered?

ILI = influenza-like illness; LAIV = live-attenuated influenza vaccine; QIV = quadrivalent inactivated vaccine; RCTs = randomized controlled trials; TIV = trivalent 
inactivated vaccine; VE = vaccine effectiveness
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sensitivity analysis (19). Since it is too burdensome to carry 
out a specific study to estimate utilities, most EEs take utili-
ties from published studies. The utilities would be applicable 
if they are derived from instruments validated in the same 
or very similar population, using a representative sample of 
this group (19). Thus, authors should discuss the applicability 
of the available data when they are derived from different 
settings, populations, seasons, or case definitions in the case 
of influenza studies.

Are the resource and cost estimates reliable?

Cost estimation must be coherent with the declared per-
spective of the analysis. When the societal perspective is con-
sidered, the costs assumed by the different payers must be 
reported separately (5,6). 

Resource use is highly dependent on the structure of 
the local healthcare system, established care patterns, and 
clinical guidelines. In Spain, good burden of illness studies 
on influenza care are scarce; thus, resource use is often esti-
mated from expert opinion, which is considered the lowest 
quality of evidence. Unit cost and resource use should be 
reported separately. As for the source of costs and use of 
resources, unit costs should preferably be obtained from offi-
cial publications, the center’s own accounts, market prices, 
and ultimately, the fees applied to service contracts provided 
by the Spanish National Health System (SNS) (4). The main 
source of health resource unit costs is usually the official 
regional bulletin; however, costs may vary significantly from 
one region to another, and the choice of source bulletins, 
as well as the mathematical processing of data, should be 
adequately explained and justified (4); however, this is often 
neglected in EE reporting. 

When the societal perspective is used, productivity 
loss costs should be accounted for. These may include sick 
leaves, disability, early retirement, disability and/or prema-
ture death, depending on the disease. The human capital 
approach and the friction cost approach are the two main 
methods applied to estimate time off work. The choice of 
method should be mentioned and justified. The cost of the 
hour of work lost due to the illness is based on the national 
average hourly wage, which, in Spain, is published by the 
National Institute of Statistics. Productivity loss should take 
into account an individual’s lost hours due to their own illness 
as well as the time taken off to care for other people (e.g., for 
children, when they are included in the target population). 
When considering the elderly population, productivity loss 
may not play a significant role; however, disability and loss 
of autonomy are increased in this population, generating a 
major social burden.  

Sensitivity analyses—Control of uncertainty

Have deterministic and probabilistic sensitivity analyses been 
carried out? If so, have they been reported in sufficient detail?

Sensitivity analyses are crucial for the reader to appropri-
ately understand the level and type of uncertainty involved 
in the model. They allow the reader to picture the variabil-
ity around the ICER of the intervention vs the comparator 

and, consequently, the robustness of the estimation. DSA 
can determine structural and methodological uncertainty 
and also identify the main variables that have a significant 
impact on cost-effectiveness. It also represents the limits 
within which they can vary without changing the result (9). 
Probabilistic sensitivity analysis (PSA), meanwhile, accounts 
for parametric uncertainty and estimates the global variabil-
ity of the model and the acceptability of the intervention 
compared to a willingness-to-pay threshold value for ICER 
(38). This analysis facilitates the interpretation of data from 
the national health system (Supplementary Figure 1 shows 
an example of cost-effectiveness acceptability curves for the 
EEs of various vaccination strategies in Spain, accompanied 
by their interpretation). According to the updated National 
Institute for Health and Care Excellence (NICE) methods 
guidance, the use of PSAs is not optional, but rather a formal 
requirement for any economic evaluation model submitted 
to the Institute (38).

Discussion 
EEs are an essential tool for decision-making in influenza 

vaccination; however, the epidemiological and clinical par-
ticularities of influenza (for example, its seasonal variability, 
the heterogeneity of vaccine effectiveness, and the potential 
modification of population transmission) make economic 
modeling particularly complex. In this context, decision-mak-
ers must be able to critically interpret available EEs, though 
this is not always easy for those without a background in 
pharmacoeconomics.

This Guide aims to address this need by providing a prac-
tical framework to support non-expert readers in the field of 
health economics or influenza in critically reviewing influenza 
vaccine EEs. It integrates the experience gained from a criti-
cal review of recent Spanish EEs (7), in which we identified 
recurrent patterns of lack of transparency, insufficient justifi-
cation of parameter selection, and limited control of uncer-
tainty, which motivated the creation of this tool.

Unlike other methodological manuals, this document 
adopts a practical perspective centered on the needs of the 
non-expert reader, adding value in two main aspects: 1) 
addressing the critical elements of the EEs of influenza vac-
cines; 2) translating complex methodological concepts into 
an accessible format to assess the robustness of a study with-
out the need for advanced knowledge in pharmacoeconom-
ics and modeling.

Nevertheless, this Guide presents certain limitations. 
First, although its principles are generally applicable, its devel-
opment has been based mainly on the appraisal of studies 
conducted in Spain and on the methodological requirements 
commonly used in this country. Despite this, it is important 
to note that the Guide relies substantially on international 
recommendations (i.e., the WHO guide), which provide a 
broader methodological framework beyond the national con-
text. Also, the messages related to bias, uncertainty, and the 
inherent particularities of influenza are universal and trans-
ferable to other settings. In addition, the appraisal was lim-
ited to studies published up to 2022 and may therefore not 
capture methodological developments introduced in more 
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recent evaluations. However, the challenges identified remain 
relevant as a framework for the critical appraisal of EEs.

Second, we have deliberately focused on complete EEs 
(i.e., cost-effectiveness or cost-utility analyses), as they allow 
a more comprehensive assessment of health benefits for 
decision-making. For this reason, other approaches based 
exclusively on costs, such as budget impact analyses, have 
not been included in detail. We recognize, however, that EE 
results should not be the sole input into reimbursement deci-
sions. Instead, they should be combined with evidence from 
budget impact analyses to assess whether vaccines not only 
offer good value for money but are also affordable (39).

Regarding future research directions, it would be desir-
able to expand this Guide by incorporating specific exam-
ples for different target groups (children, pregnant women, 
chronic patients, older adults), as well as harmonized rec-
ommendations for selecting and justifying key parameters, 
particularly regarding vaccine effectiveness and disease bur-
den. Finally, promoting good practices in the use of dynamic 
models and in model calibration and validation would help 
strengthen the quality of the pharmacoeconomic evidence 
available on influenza.

Conclusions
In summary, this Guide offers a practical resource for 

the critical reading of EEs of influenza vaccines. It is aimed 
at non-expert readers in health economics or modeling, as it 
presents complex methodological concepts in an accessible 
format that may help them identify sources of uncertainty 
and assess the reliability of the evaluations’ results. By doing 
so, it can support evidence-based decisions and ultimately 
improve the efficiency of influenza vaccination programs. 

Acknowledgements
The authors would like to thank Maria Giovanna Ferrario, 

PhD, Blanca Piedrafita, PhD, Lucía Pérez-Carbonell, PhD, and 
the whole team at Medical Scientific Consulting, SL (Valencia, 
Spain) for their support in the development and writing of 
this study.

Disclosures
Conflict of interest: ROL has received fees for academic services 
and grants to attend international meetings from Abbott, CSL, GSK, 
Moderna, MSD, Novavax, Pfizer, Roche and Sanofi. JDD reports per-
sonal fees/grants from GSK, Sanofi Pasteur and MSD and nonfinan-
cial support from Sanofi Pasteur and MSD. AGM has received grants 
paid to his institutions by Sanofi, GSK, and Pfizer. He has also received 
personal consulting fees from Sanofi, MSD, and Moderna, as well 
as for lectures and congress presentations from GSK, HIPRA, Astra-
Zeneca, Novavax, Pfizer and Jansen. He has received support for 
attending meetings/travel from Pfizer, MSD, GSK, and Sanofi. Finally, 
he declares having participated in safety monitoring boards for 
Pfizer, Hipra and Novavax. ERM has participated in advisory boards, 
conferences, courses and lectures organized by Glaxo SmithKline, 
Sanofi Pasteur, MSD, GSK, Seqirus, Pfizer, Moderna, Takeda, and 
AstraZeneca. She has also participated in data safety or advisory 
boards from Pfizer, Sanofi, MSD, Moderna, Takeda and GSK. FMT has 
received honoraria and/or reimbursement for participation fees/
travel expenses from GSK, Pfizer Inc, Sanofi Pasteur, MSD, Seqirus, 
Biofabri, and Janssen for taking part in advisory boards and expert 

meetings and for acting as a speaker in congresses outside the scope 
of the submitted work. He has also acted as principal investigator 
in randomized controlled trials sponsored by the above-mentioned 
companies as well as by Ablynx, Gilead, Regeneron, Roche, Abbott, 
Novavax, and MedImmune, with honoraria paid to his institution. 
JMA declares having received consulting fees from Sanofi. JLLB, ADA, 
PIPJ and MFA are employees of Sanofi and may hold shares and/or 
stock options in the company.

Financial support: This study was funded by Sanofi. Medical writing 
was provided by Medical Scientific Consulting, SL (Valencia, Spain) 
and funded by Sanofi.

Author contribution: All authors equally contributed to the concep-
tualization, supervision, writing – original draft and writing—review 
& editing. All authors have read and approved the final manuscript.

References
1.	 World Health Organization. Influenza (Seasonal). 2023. Online 

(Accessed August 2025).
2.	 Grupo de Trabajo Criterios 2011 de la Ponencia de Programa y 

Registro de Vacunaciones. Criterios de Evaluación para Funda-
mentar Modificaciones en el Programa de Vacunación en España. 
Ministerio de Sanidad; 2011. Online

3.	 Caro JJ, Briggs AH, Siebert U, et al.; ISPOR-SMDM Modeling 
Good Research Practices Task Force. Modeling good research 
practices--overview: a report of the ISPOR-SMDM Model-
ing Good Research Practices Task Force--1.  Value Health. 
2012;15(6):796-803. CrossRef PubMed

4.	 López Bastida J, Oliva J, Antoñanzas F, et al. A proposed guide-
line for economic evaluation of health technologies. Gac Sanit. 
2010;24(2):154-170. CrossRef PubMed

5.	 World Health Organization. WHO guide for standardization of 
economic evaluations of immunization programmes. 2019. 
Online (Accessed August 2025)

6.	 Newall AT, Chaiyakunapruk N, Lambach P, et al. WHO guide on 
the economic evaluation of influenza vaccination.  Influenza 
Other Respir Viruses. 2018;12(2):211-219. CrossRef PubMed

7.	 Ortiz-de-Lejarazu Leonardo R, Díez Domingo J, de Miguel ÁG, et 
al. Critical assessment of uncertainty in economic evaluations 
on influenza vaccines for the elderly population in Spain. BMC 
Infect Dis. 2025;25(1):152. CrossRef PubMed

8.	 Grimm SE, Pouwels X, Ramaekers BLT, et al. Development 
and validation of the TRansparent Uncertainty ASsessmenT 
(TRUST) Tool for assessing uncertainties in health economic 
decision models.  PharmacoEconomics. 2020;38(2):205-216. 
CrossRef PubMed

9.	 Briggs AH, Weinstein MC, Fenwick EA, et al.; ISPOR-SMDM Mod-
eling Good Research Practices Task Force. Model parameter es-
timation and uncertainty analysis: a report of the ISPOR-SMDM 
Modeling Good Research Practices Task Force Working Group-6. 
Med Decis Making. 2012;32(5):722-732. CrossRef PubMed

10.	 Rubio-Terrés C, Cobo E, Sacristán JA, et al.; Grupo ECOMED. 
[Analysis of uncertainty in the economic assessment of 
health interventions]. Med Clin (Barc). 2004;122(17):668-674. 
CrossRef PubMed

11.	 Briggs AH. Handling uncertainty in cost-effectiveness models. 
PharmacoEconomics. 2000;17(5):479-500. CrossRef PubMed

12.	 Briggs AH, Gray AM. Handling uncertainty when performing 
economic evaluation of healthcare interventions. Health Tech-
nol Assess. 1999;3(2):1-134. CrossRef PubMed

13.	 Brisson M, Edmunds WJ. Impact of model, methodological, 
and parameter uncertainty in the economic analysis of vac-
cination programs.  Med Decis Making. 2006;26(5):434-446. 
CrossRef PubMed

https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://www.sanidad.gob.es/ciudadanos/proteccionSalud/vacunaciones/docs/Criterios_ProgramaVacunas.pdf
https://doi.org/10.1016/j.jval.2012.06.012
https://pubmed.ncbi.nlm.nih.gov/22999128
https://doi.org/10.1016/j.gaceta.2009.07.011
https://pubmed.ncbi.nlm.nih.gov/19959258
https://www.who.int/publications/i/item/who-guide-for-standardization-of-economic-evaluations-of-immunization-programmes-2nd-ed
https://doi.org/10.1111/irv.12510
https://pubmed.ncbi.nlm.nih.gov/29024434
https://doi.org/10.1186/s12879-025-10442-3
https://pubmed.ncbi.nlm.nih.gov/39893473
https://doi.org/10.1007/s40273-019-00855-9
https://pubmed.ncbi.nlm.nih.gov/31709496
https://doi.org/10.1177/0272989X12458348
https://pubmed.ncbi.nlm.nih.gov/22990087
https://doi.org/10.1016/S0025-7753(04)74346-8
https://pubmed.ncbi.nlm.nih.gov/15153348
https://doi.org/10.2165/00019053-200017050-00006
https://pubmed.ncbi.nlm.nih.gov/10977389
https://doi.org/10.3310/hta3020
https://pubmed.ncbi.nlm.nih.gov/10448202
https://doi.org/10.1177/0272989X06290485
https://pubmed.ncbi.nlm.nih.gov/16997923


Critical reading of influenza vaccine CEAs108 

© 2026 The Authors. Global & Regional Health Technology Assessment - ISSN 2283-5733 - www.aboutscience.eu/grhta

14.	 Soto J, Casado M, Oyagüez I. Modelos analíticos de decisión en 
evaluación económica: tipos, metodología, análisis y comuni-
cación de los resultados. Online (Accessed August 2025).

15.	 Pitman R, Fisman D, Zaric GS, et al.; ISPOR-SMDM Modeling 
Good Research Practices Task Force. Dynamic transmission 
modeling: a report of the ISPOR-SMDM Modeling Good Re-
search Practices Task Force Working Group-5. Med Decis Mak-
ing. 2012;32(5):712-721. CrossRef PubMed

16.	 Roberts M, Russell LB, Paltiel AD, et al.; ISPOR-SMDM Modeling 
Good Research Practices Task Force. Conceptualizing a model: a 
report of the ISPOR-SMDM Modeling Good Research Practices 
Task Force-2. Med Decis Making. 2012;32(5):678-689. CrossRef 
PubMed

17.	 Siebert U, Alagoz O, Bayoumi AM, et al.; ISPOR-SMDM Model-
ing Good Research Practices Task Force. State-transition mod-
eling: a report of the ISPOR-SMDM modeling good research 
practices task force-3.  Value Health. 2012;15(6):812-820. 
CrossRef PubMed

18.	 Drummond MF, Sculpher MJ, Claxton K, et al. Methods for the 
economic evaluation of health care programmes. Oxford Uni-
versity Press; 2015.

19.	 Ministerio de Sanidad. Guía de Evaluación Económica de Medi-
camentos. Online (Accessed August 2025).

20.	 Brouwer WB, Niessen LW, Postma MJ, et al. Need for differen-
tial discounting of costs and health effects in cost effectiveness 
analyses. BMJ. 2005;331(7514):446-448. CrossRef PubMed

21.	 John J, Koerber F, Schad M. Differential discounting in the  
economic evaluation of healthcare programs. Cost Eff Resour 
Alloc. 2019;17(1):29. CrossRef PubMed

22.	 Sharma D, Aggarwal AK, Downey LE, et al. National health-
care economic evaluation guidelines: a cross-country com-
parison. PharmacoEconom Open. 2021;5(3):349-364. CrossRef 
PubMed

23.	 Consejo Interterritorial del Sistema Nacional de Salud. Reco-
mendaciones de vacunación frente a la gripe. 2022. Online  
(Accessed December 2025).

24.	 Sistema Nacional de Salud. Calendario común de vacunación 
a lo largo de toda la vida. Calendario recomendado año 2023. 
Online (Accessed August 2025).

25.	 Walker WE, Harremoës P, Rotmans J, et al. Defining uncertainty:  
a conceptual basis for uncertainty management in model-
based decision support.  Integrated Assess. 2003;4(1):5-17. 
CrossRef

26.	 World Health Organization. A manual for estimating disease 
burden associated with seasonal influenza. Online  (Accessed 
August 2025).

27.	 Eddy DM, Hollingworth W, Caro JJ, et al.; ISPOR-SMDM Model-
ing Good Research Practices Task Force. Model transparency and 

validation: a report of the ISPOR-SMDM Modeling Good Research 
Practices Task Force-7. Med Decis Making. 2012;32(5):733-743. 
CrossRef PubMed

28.	 Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: a critical apprais-
al tool for systematic reviews that include randomized or non-
randomized studies of healthcare interventions, or both. BMJ. 
2017;358:j4008. CrossRef PubMed

29.	 Djulbegovic B, Guyatt GH. Progress in evidence-based medi-
cine: a quarter century on. Lancet. 2017;390(10092):415-423. 
CrossRef PubMed

30.	 Balshem H, Helfand M, Schünemann HJ, et al. GRADE guide-
lines: 3. Rating the quality of evidence.  J Clin Epidemiol. 
2011;64(4):401-406. CrossRef PubMed

31.	 Murad MH, Asi N, Alsawas M, et al. New evidence pyramid. 
Evid Based Med. 2016;21(4):125-127. CrossRef PubMed

32.	 Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. In-
troduction-GRADE evidence profiles and summary of findings 
tables. J Clin Epidemiol. 2011;64(4):383-394. CrossRef PubMed

33.	 Demicheli V, Jefferson T, Di Pietrantonj C, et al. Vaccines for 
preventing influenza in the elderly.  Cochrane Database Syst 
Rev. 2018;2(2):CD004876. CrossRef PubMed

34.	 Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for as-
sessing risk of bias in randomized trials. BMJ. 2019;366:l4898. 
CrossRef PubMed

35.	 Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for 
assessing risk of bias in non-randomized studies of interven-
tions. BMJ. 2016;355:i4919. CrossRef PubMed

36.	 Wells GA, Shea B, O’Connell D, et al. The Newcastle‑Ottawa 
Scale (NOS) for assessing the quality of nonrandomized studies 
in meta‑analyses. Ottawa: Ottawa Hospital Research Institute; 
2000. Online (Accessed August 2025)

37.	 NICE. NICE technology appraisal and highly specialized 
technologies guidance: the manual. 2022. Online (Accessed 
August 2025).

38.	 Claxton K, Sculpher M, McCabe C, et al. Probabilistic sensitiv-
ity analysis for NICE technology assessment: not an optional 
extra. Health Econ. 2005;14(4):339-347. CrossRef PubMed

39.	 Trueman P, Drummond M, Hutton J. Developing guidance for 
budget impact analysis. PharmacoEconomics. 2001;19(6): 
609-621. CrossRef PubMed

40.	 Husereau D, Drummond M, Augustovski F, et al.; CHEERS 2022 
ISPOR Good Research Practices Task Force. Consolidated Health 
Economic Evaluation Reporting Standards 2022 (CHEERS 2022) 
Statement: updated reporting guidance for health economic 
evaluations. Value Health. 2022;25(1):3-9. CrossRef PubMed

41.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 
statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021;372(371):n71. CrossRef PubMed

https://fundacionporib.org/wp-content/uploads/2024/05/Libro-Fundacion-PORIB-Modelos-Analiticos-de-Decision-en-Evaluacion-Economica.pdf
https://doi.org/10.1177/0272989X12454578
https://pubmed.ncbi.nlm.nih.gov/22990086
https://doi.org/10.1177/0272989X12454941
https://pubmed.ncbi.nlm.nih.gov/22990083
https://doi.org/10.1016/j.jval.2012.06.014
https://pubmed.ncbi.nlm.nih.gov/22999130
https://www.sanidad.gob.es/areas/farmacia/comitesAdscritos/prestacionFarmaceutica/docs/20240227_CAPF_Guia_EE_definitiva.pdf
https://doi.org/10.1136/bmj.331.7514.446
https://pubmed.ncbi.nlm.nih.gov/16110075
https://doi.org/10.1186/s12962-019-0196-1
https://pubmed.ncbi.nlm.nih.gov/31866768
https://doi.org/10.1007/s41669-020-00250-7
https://pubmed.ncbi.nlm.nih.gov/33423205
https://www.sanidad.gob.es/profesionales/saludPublica/prevPromocion/vacunaciones/programasDeVacunacion/docs/Recomendaciones_vacunacion_gripe.pdf
https://www.sanidad.gob.es/areas/promocionPrevencion/vacunaciones/calendario-y-coberturas/docs/CalendarioVacunacion_Todalavida.pdf
https://doi.org/10.1076/iaij.4.1.5.16466
https://iris.who.int/server/api/core/bitstreams/36c693b2-0e4f-4f93-b09f-7266d0f3ccb0/content
https://doi.org/10.1177/0272989X12454579
https://pubmed.ncbi.nlm.nih.gov/22990088
https://doi.org/10.1136/bmj.j4008
https://pubmed.ncbi.nlm.nih.gov/28935701
https://doi.org/10.1016/S0140-6736(16)31592-6
https://pubmed.ncbi.nlm.nih.gov/28215660
https://doi.org/10.1016/j.jclinepi.2010.07.015
https://pubmed.ncbi.nlm.nih.gov/21208779
https://doi.org/10.1136/ebmed-2016-110401
https://pubmed.ncbi.nlm.nih.gov/27339128
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://pubmed.ncbi.nlm.nih.gov/21195583
https://doi.org/10.1002/14651858.CD004876.pub4
https://pubmed.ncbi.nlm.nih.gov/29388197
https://doi.org/10.1136/bmj.l4898
https://pubmed.ncbi.nlm.nih.gov/31462531
https://doi.org/10.1136/bmj.i4919
https://pubmed.ncbi.nlm.nih.gov/27733354
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.nice.org.uk/process/pmg36
https://doi.org/10.1002/hec.985
https://pubmed.ncbi.nlm.nih.gov/15736142
https://doi.org/10.2165/00019053-200119060-00001
https://pubmed.ncbi.nlm.nih.gov/11456210
https://doi.org/10.1016/j.jval.2021.11.1351
https://pubmed.ncbi.nlm.nih.gov/35031096
https://doi.org/10.1136/bmj.n71
https://pubmed.ncbi.nlm.nih.gov/33782057

