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Figure 1 Flow chart of search strategy

    * Records duplicated inside an individual database or internet search results list.

3.2 Descriptive review results 

Table 3 provides the characteristics of the studies included in the analysis. The majority of 

studies adopted CEA and CUA approaches (12 CEA, 12 CUA, 2 CEA and CBA, and 1 CEA 

and CUA) (see figure 2). Three studies reported CBA results. Figure 3 illustrates the 

relationship among study settings, year of study, and year of publication. Most studies (10 

studies) were conducted in the year 2009, when the pandemic event occurred. Seven studies 
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assessed value for money of interventions in the US setting, followed by the UK and Canada 

(4 studies in each setting), the Netherlands and Singapore (3 studies in each setting), France 

(2 studies), and other six countries with one study each (see figure 4). There was one study 

conducted for multinational developed country settings.7

Figure 2 Types of economic evaluation

Figure 3 Study settings by year of study and year of publication
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Modified from the WHO and the World Bank’s classification for containment and mitigation 

of pandemic influenza,36, 37 table Error! Reference source not found. depicts that vaccination (18 

studies) and antiviral drugs (17 studies) were commonly evaluated for both targeted (specific 

groups, such as high-risk or priority population) and general population. Notably, there was 

no economic evaluation assessing economic value of travel restriction and public hygiene and 

disinfection measures. 

Table 4 Classification of studies (using referencing number) by types of interventions 
modified from the WHO and the World Bank’s taxonomy 

Interventions* Community

National 

InternationalTargeted Broad-based 

Quarantine  28    

Travel restriction     

Public Communications & Advisories  14,35    

Social distancing  14  8 

Public Hygiene and disinfection     

Personal protective equipment  14 

Vaccination 7, 11, 16, 23, 29, 
35 

3, 7, 8, 12, 13, 16, 
18, 23, 26, 31, 33 

Antiviral Drug 9, 10, 14-16, 22, 
29, 34 

8, 10, 16, 21, 22, 
24, 25, 30, 34 

* Categories highlighted in grey are not relevant categories for each intervention 

Table 4 demonstrates the discrepancy of drugs and vaccine regimens considered in the 

economic evaluation studies. Although the majority (19 studies) assessed oseltamivir, they 

used different dosages and durations for prophylaxis. For example, Yarmand35 used 

oseltamivir 75 mg once daily for ten days for young adult prophylaxis in the US, whilst 

Balicer et al.10 used the same dosage of oseltamivir for 50-day prophylaxis among the Israeli 

general population. Doses of vaccine ranged from one to three, without clearly specifying the 

duration of protection. 
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Table 6 shows the extent to which the 30 reviewed papers complied with standards for 

conducting and reporting economic evaluations. All studies complied with the 

recommendations on using discounting for costs and/or outcomes for studies with time 

horizon longer than one year. A relatively high proportion of studies described the study 

perspective(s), selection of comparators, performing uncertainty analysis, and reported ICERs. 

67% of these studies disclosed funding sources. 

Table 6 Extent to which the published economic evaluation studies included in this 
analysis met recommendations for good reporting of economic evaluation studies.4

Recommendations Number of studies fulfilling 
recommendation*

Percentage 
(%) 

Perspective specified 27/30 90 
Description of comparator(s) 29/30 97 

Used discounting for costs or/and outcomes  
if study period was > 1 year 

13/13 100 

Calculated and reported ICER 24/28 86 
Performed uncertainty analysis 28/30 93 
Disclosed funding sources 20/30 67 
*Number of studies the recommendation is applicable 
ICER:  Incremental cost-effectiveness ratio

Nineteen studies adopted a societal viewpoint in the analysis. Four studies employed a 

healthcare provider’s perspective and the same number of studies, a healthcare system’s 

perspective. Regarding financial support for studies, eleven were supported by domestic 

public funders, followed by the for-profit private sector (3 studies). Surprisingly, 10 studies 

did not properly declare source of funding. 

None of the studies were carried out alongside clinical trials, but all were model-based. Equal 

number of studies adopted dynamic and static models, whereas one study adopted both 

approaches.25 Only one single study did not clearly state the approach used, which the 

reviewers were also unable to identify.26 Time horizons (time window during which patients 

are followed and their resource use and health/cost outcomes measured) varied largely across 

studies, ranging from one month to a lifetime. Twelve studies (40%) did not clearly state time 

horizon employed, which is one of the major methodological flaws found in our review.  

Quality of evidence used in the economic evaluation of pandemic influenza interventions was 

analysed in depth and the results are presented in table 7 and figure 5. They illustrate the poor 
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quality of data used for estimating adverse events and complications of interventions 

following with baseline clinical data and resource used. More than half of the reviewed 

studies used information from non-analytic studies (e.g. case report or case series), expert 

opinions, and unsourced information to estimate adverse events and complications, and 

baseline clinical data. Although information used for estimating clinical effect sizes and cost 

have relatively better overall quality, only a few of them derived from systematic review of 

randomized controlled trials measuring final outcomes for clinical effect sizes and cost 

calculation based on reliable data sources conducted for study settings. 

Table 7 Quality of evidence used in 30 economic evaluations of interventions for 
prevention and control of pandemic influenza

Level of 
information 

(hierarchies of 
data sources) 

Clinical 
effect sizes 

[n (%)] 

Baseline 
clinical data 

[n (%)] 

Adverse events 
& complications 

[n (%)] 

Resource
use 

[n (%)] 

Costs
[n (%)] 

Utility 
[n (%)] 

       
Rank 1 3 (10) 0 (0) 0 (0) 0 (0) 1 (3) 1 (8) 
Rank 2 3 (10) 4 (13) 1 (5) 8 (28) 12 (40) 1 (8) 
Rank 3 9 (30) 1 (3) 4 (19) 0 (0) 3 (10) 3 (23) 
Rank 4 2 (7) 4 (13) 2 (10) 1 (3) 1 (3) 4 (31) 
Rank 5 0 (0) 5 (17) 9 (43) 8 (28) 3 (10) 2 (15) 
Rank 6 9 (30) 9 (30) 5 (24) 7 (24) 9 (30) 2 (15) 
Rank 9 

(not specified) 4 (13) 7 (23) 0 (0) 5 (17) 1 (3) 0 (0) 

Figure 5 Rank of evidence used in the economic evaluation studies
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3.3. Incremental Cost-Effectiveness Ratios (ICERs) 

Figure 6 compares the cost per QALY of each intervention. No evidence suggests that target 

population, e.g. general or high-risk population, has significant influence on ICERs. The X 

axis of the figure is arranged according to population risk (as defined by researchers of each 

study), with relative low risk on the left-hand side and relative high risk on the right-hand 

side, and no downward trend is observed among similar interventions.  

The combination of pharmaceutical and non-pharmaceutical interventions (represented by 

grey bars) was relatively cost-effective compared to providing vaccines and/or antiviral drugs. 

For pharmaceutical interventions, ICERs can vary largely from cost-saving to very high 

values (>I$ 1,000,000 per QALY). One obvious observation is that antiviral prophylaxis and 

treatment are cost-saving for the general population but relatively high ICERs for high-risk 

populations (i.e. influenza-like illness patients and pregnant women).  

According to the predefined ceiling thresholds, ‘social distancing’ (strategy in which non-

school, non-work and non-household personal contacts are reduced, as defined by Perlroth et. 

al.28), antiviral prophylaxis for general population plus school closure, vaccination for general 

population plus school closure, and antiviral prophylaxis for household contacts plus school 

closure are amongst cost effective strategies for all low, middle and high income countries. 
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Table 8 presents the four types of parameters found to be important in uncertainty analysis. 

These are epidemiological parameters and those related to natural disease progression 

(infectivity, e.g., attack rate or reproduction number; probability of pandemic; pandemic 

duration; disease severity, e.g., case fatality or probability of developing complications), 

those related to the intervention (efficacy, coverage, stockpiling capacity, timing of the 

intervention), resource use and cost parameters (healthcare costs, resources consumed, value 

of life, cost of intervention) and others (utility and discounting rate). There was no study that 

systematically analysed the relative importance of parameters. Since all studies purposively 

selected parameters for uncertainty analysis, we cannot make a firm conclusion on which 

parameters are important to determine value for money of pandemic influenza preparedness 

and interventions. However, we recommended that future studies should apply a more 

transparent and systematic approach to analyse uncertainty surrounding these parameters. 

This can be achieved by using the value of information approach.38

<INSERT TABLE 8> 

Due to the importance of contact patterns in the outcomes of dynamic models, we also 

reviewed the mode in which populations interact. Consideration of contact patterns is 

especially important in modelling non-pharmaceutical interventions (e.g, social distancing), 

because the effectiveness of these interventions is highly dependent on how the population 

interact or behave in the initial phase of the pandemic.35 It is noteworthy that a number of 

papers under review did not provide detailed information about contact patterns and relevant 

assumptions, but they refer to other epidemiological studies. In this regard, we reviewed the 

relevant sources and found that the quality of evidence used ranges from assumption35 to 

data from a large study of conducted in the European Union.7, 9, 27

In general, all epidemic models have an underlying network of mixing patterns, even though 

this network may not be explicit. Some compartmental models included in this review do not  

allow for variability (i.e., assume that communities are homogenous, not taking account of 

variability derived  from age, sex, behaviour, social and spatial structure)18, 19, 35, although 

some  include modifications that allow for some level of heterogeneity, such as age-specific 

mixing patterns.7, 9, 24, 25, 27 On the other hand, almost half of the studies included are agent 

based models, which appear to reflect the heterogeneity in contact patterns as occurs in the 

real world, especially those with a social network design8, 12, 17, 28, 31-33 (Appendix 2). 
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most of these settings. This would affect the choice of method employed by the researchers. 

If future evaluations are conducted in developing countries where no national guidelines are 

available, it is likely that a large variability in research quality can be observed. To ensure the 

quality of future evaluations, it is important to introduce internationally accepted 

methodological guidelines. Although a WHO guide for standardization of economic 

evaluations of immunization programmes39 is publicly available, it is applicable only to 

vaccination, but not to antiviral drugs and non-pharmaceutical interventions. Despite the fact 

that the WHO guidelines on generalized cost-effectiveness analysis were introduced, they 

have been widely criticized and are not in line with other guidelines in many countries.40-42

We strongly encourage the development of new guidelines for evaluations in developing 

countries with no national guidelines. In addition, these guidelines should be acceptable and 

feasible to follow by those conducting studies in developed countries in order to facilitate 

international comparison. 

In figure 6, we present a novel approach to summarize cost-effectiveness evidence across 

interventions and target populations. This is useful not only for decision-makers in each 

country, but also for international organizations which guide and support countries to allocate 

resources, such as the WHO, the UNICEF and the World Bank. Even though figure 6 was 

contributed by 13 out of 30 reviewed studies, table 9 illustrates that the information in the 

figure was dominated by only three. These included Lee BY et al.21, Perloth et al.28 and 

Sander et al.33, which assessed a wide range of pharmaceutical and non-pharmaceutical 

interventions that met the eligibility criterion to be included in the figure, i.e. presenting 

results in terms of cost-utility ratios. 
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