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Introduction

Influenza can present as seasonal or pandemic occurrence and 
both are associated with severe health and economic conse-
quences. Seasonal influenza is an important cause for morbid-
ity and mortality globally and responsible for a significant health 
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Objectives: Economic evaluations on influenza vaccination 
from low resource settings are scarce and have not been 
evaluated using a systematic approach. Our objective was 
to conduct a systematic review on the value for money of 
influenza vaccination in low- and middle-income countries.

Methods: PubMed and EMBASE were searched for eco-
nomic evaluations published in any language between 1960 
and 2011. Main outcome measures were costs per influenza 
outcome averted, costs per quality-adjusted life years gained 
or disability-adjusted life years averted, costs per benefit in 
monetary units or cost-benefit ratios. 

Results: Nine economic evaluations on seasonal influenza 
vaccine met the inclusion criteria. These were model- or ran-
domized-controlled-trial (RCT)-based economic evaluations 
from middle-income countries. Influenza vaccination provided 
value for money for elderly, infants, adults and children with 
high-risk conditions. Vaccination was cost-effective and cost-
saving for chronic obstructive pulmonary disease patients and 
in elderly above 65 y from model-based evaluations, but con-
clusions from RCTs on elderly varied.

Conclusion: Economic evaluations from middle income re-
gions differed in population studied, outcomes and definitions 
used. Most findings are in line with evidence from high-income 
countries highlighting that influenza vaccine is likely to pro-
vide value for money. However, serious methodological limita-
tions do not allow drawing conclusions on cost-effectiveness 
of influenza vaccination in middle income countries. Evidence 
on cost-effectiveness from low-income countries is lacking al-
together, and more information is needed from full economic 
evaluations that are conducted in a standardized manner.
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and economic burden.1,2 During the 2009 H1N1 influenza pan-
demic, approximately 414,000 pandemic influenza A (H1N1) 
cases and 5,000 deaths were reported to the World Health 
Organization (WHO) from over 207 countries, overseas terri-
tories or communities.3,4 For its recommendations on seasonal 
influenza vaccination, WHO mainly relied on economic evidence 
from high-income countries (HIC).5 However, context specific 
knowledge on the economic impact of influenza from low- and 
middle-income countries (LMICs) is important for national vac-
cine prioritization since the related costs affect the individual, 
health services, and society. Costs can result from direct costs of 
medical care such as medication use and hospitalization as well as 
from indirect costs associated with, e.g., work or school absentee-
ism. Vaccination can reduce these costs both in vaccinees and in 
their contacts within households and the community who may 
otherwise have been infected by them.

Inactivated and live-attenuated influenza vaccines have been 
available for more than 50 y and have an excellent safety profile.5 
Both inactivated and live-attenuated influenza vaccines are effec-
tive in preventing severe disease and its complications and have 
the potential to increase societal productivity while reducing suf-
fering and mortality during influenza epidemics.6 In response to 
the H1N1 pandemic, over 30 inactivated (including adjuvanted) 
and live-attenuated vaccines have been developed and licensed. 
Between September and December 2009 tens of millions of doses 
of the pandemic (H1N1) vaccine were administered worldwide.7 
WHO recommends that countries prioritize risk groups for sea-
sonal influenza vaccination based on disease burden, cost-effec-
tiveness, feasibility and other considerations.5 However, country 
target groups selected for pandemic and seasonal vaccines as well 
as the general use of influenza vaccines varies greatly across nations 
and is less in LMICs.8,9 This may partly be because little is known 
about medical, contact and/or social behavior patterns and socio-
economic consequences of influenza and influenza vaccination in 
these regions and with regard to specific population groups. This 
lack of published data may have contributed to the low awareness 
and recognition of influenza and consequent limited vaccine cov-
erage and uptake in these countries.5 Existing economic studies 
and systematic reviews of influenza vaccine cost-effectiveness and 
cost-benefit analysis were conducted in HICs, such as the US,10-14 
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programs.26 The first search strategy aimed to capture economic 
evaluations and the second strategy searched for studies on effec-
tiveness. For the economic evaluation search the following search 
terms were used (with synonyms and closely related words) as the-
saurus terms and free text terms: “human influenza” and “vaccina-
tion” and “economic evaluations” and terms for LMICs. Terms for 
LMICs were developed in a collaborative effort of the Norwegian 
Satellite of the Cochrane Effective Practice and Organisation 
of Care Group, the WHO library and volunteers outside the 
Cochrane collaboration.25 For the effectiveness search, thesaurus 
terms and free text terms included “human influenza” and “vac-
cination” and “effectiveness” or “influenza outcomes.” Both the 
economic evaluation search strategy and the effectiveness search 
strategy were used to identify economic evaluation studies. For 
more detail on the search strategies from PubMed, see Appendix 
1 in Supplemental Material. The full search strategies are avail-
able upon request. In addition, vaccine manufacturers and vaccine 
institutes were contacted for unpublished data and post marketing 
surveillance studies on effectiveness and cost-effectiveness of sea-
sonal and pandemic influenza vaccines in LMICs.

Search results were managed using Reference Manager ver-
sion 11. Duplicate records were removed, and first titles and then 
abstracts were screened by two reviewers independently. Studies 
selected by the two reviewers were compared, and in case of dis-
agreement, another contributor was consulted for arbitration. Full 
text of citations not excluded in the first step was examined for eli-
gibility. Studies were included when published between 1960 and 
2011 and in any language. Studies were excluded based on titles 
when it became clear from the titles that the study was performed 
in a high-income country; or described vaccines other than 
licensed seasonal influenza vaccines or pandemic A (H1N1) 2009 
influenza vaccines. The following eligibility criteria for assessing 
the inclusion of abstracts and full texts were set in advance:

• Participants: populations of any age, sex and ethnic origin in 
LMICs (Appendix 2 in Supplemental Material).

• Intervention: licensed seasonal and pandemic A (H1N1) 
2009 influenza vaccines (both inactivated and live attenuated, 
independent of number of doses).

• Comparison: No vaccination, placebo, other influenza vac-
cines. Studies were excluded when influenza vaccination was 
compared with other influenza preventive measures.

• Outcomes: (1) Costs per laboratory-confirmed influenza or 
influenza-like outcomes prevented (cost-effectiveness analyses). 
(2) Costs per quality-adjusted life years (QALYs) gained or dis-
ability-adjusted life years (DALYs) averted (cost-utility analyses). 
(3) Costs per benefit expressed in monetary units and cost-benefit 
ratios (cost-benefit analyses). Economic modeling studies were 
excluded when no data could be derived on the costs per influ-
enza outcome, QALYs, DALYs or benefit.

• Types of economic evaluation: Cost effectiveness analysis, 
cost-utility analysis or cost-benefit analysis. Partial economic eval-
uations were excluded.

Data were extracted on economic characteristics of the studies 
(e.g., evaluation type, perspective, discounting), vaccination and 
comparison groups, countries, vaccine type, influenza outcomes 
and costs assessed, assumptions made and value for money results. 

England and Wales,15 France,15 Germany,15 The Netherlands16 
and New Zealand.17 These evaluations found that vaccination is 
cost-effective and frequently cost-saving among different popula-
tion groups including the elderly,12,15,16 healthy working adults,13,14 
children10,11,18 and pregnant women.19,20 In contrast, fewer analy-
ses and a review concluded that, depending on population, vac-
cination is not cost-saving.21,22 However, the findings of studies 
from HICs might not always be applicable to LMICs.

Value for money (economic value) is often assessed by deci-
sion analytic models, which include decision trees, Markov 
state-transmission models and dynamic transmission models.23,24 
There are various types of economic evaluations that can be per-
formed, such as cost-effectiveness analyses, cost-utility analyses 
and cost-benefit analyses. These analyses may be performed 
alongside clinical effectiveness trials or may be purely based on 
decision analytic models.

Cost-effectiveness analyses compare the incremental cost of 
an intervention to an alternative use of resources, with the incre-
mental health outcomes of that intervention. Cost-benefit analy-
ses convert both the costs (resources needed) for an intervention 
and its benefits into monetary terms, and present results in terms 
of a ratio of net costs to net benefits. Cost-utility analyses are 
a special case of cost-effectiveness analyses where outcomes are 
presented in terms of generic health-related utilities, such as qual-
ity adjusted life years (QALYs) or disability adjusted life years 
(DALYs) to allow comparability between different diseases. 
Costs can be considered from various perspectives, such as the 
health care provider, employer or society, and can include both 
direct and indirect costs.

Several variables impact on cost-effectiveness of influenza vac-
cine but are frequently not taken into account. These variables 
include the location where the vaccine is administered, with 
lower costs for vaccination in nonmedical vs. medical settings, 
the timing of vaccination with the earliest time point of an influ-
enza season being the most cost-effective23 and the duration of 
protection achieved by vaccination.

The majority of economic evaluations on influenza vaccine 
have been performed in HICs and to our knowledge, no system-
atic review of literature on the economic analysis of influenza 
vaccination in LMICs has been performed. Therefore, our aim 
was to conduct a detailed review of literature on economic evalu-
ations available from and for these countries. With this system-
atic review, we assessed whether seasonal influenza and pandemic 
(H1N1) 2009 influenza vaccines in vaccinated groups in LMICs is 
beneficial in terms of monetary value, in combination or not, with 
effects, consequences or utilities. The objectives were addressed 
for different influenza-vaccinated population groups separately 
and for low- vs. middle-income countries, as available.

Materials and Methods

Major electronic databases including PubMed and EMBASE.com 
were searched (last search June 9, 2011). Two search strategies 
were developed in collaboration with two clinical librarians, and 
using economic evaluation criteria according to WHO Guidelines 
on standardization of economic evaluations for immunization 
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with pneumococcal vaccine,31 because no cost-effectiveness, cost-
utility or cost-benefit analysis was performed,32,33 or because the 
study was a cost analysis conducted from an employer’s perspec-
tive.34-39 Despite the fact that this latter group of excluded arti-
cles34-39 did not describe full economic evaluations and showed a 
lack of transparency regarding the information on costs, calcula-
tions or outcomes, some relevant information on cost savings of 
influenza vaccine including vaccine costs and/or indirect work 
absenteeism and presenteeism costs, was provided as summarized 
in Appendix 3 in Supplemental Material (Fig. 1).

Finally, nine studies on cost-effectiveness of seasonal influ-
enza vaccines in LMICs were deemed eligible and included in 
this review. These studies varied by population group studied, 
methods and design [model-based (five studies) or RCT-based 
(four studies)] and outcomes assessed (Table 1) as well as by 
costs and value for money (Table 2). All eligible studies were 
conducted in middle-income countries, six of them were CEAs, 
two were CBAs, and one was a CUA. In the majority of evalu-
ations (four), the societal perspective was chosen. Two studies 
were conducted from a health care provider perspective and two 

Results

The search on effectiveness and economic evaluations of influ-
enza vaccines in LMICs resulted in a total of 4,877 citations, of 
which 4,140 were excluded following review of titles. Out of 737 
manuscripts left for screening, 463 did not meet the inclusion 
criteria. No studies were identified via vaccine manufacturers or 
vaccine institutes. Potentially eligible studies included economic 
evaluation studies on either seasonal (21) or pandemic vaccines 
(1). The latter was excluded since it was not a full economic 
evaluation and modeled the economic impact of the pandemic 
(H1N1) 2009 influenza on the society by means of estimating 
costs of a possible influenza pandemic under different scenarios 
and attack rates.27 Relevant economic evaluation studies of sea-
sonal vaccines were published in the English (12), Spanish (3), 
Russian (3) and Chinese (3) languages. Twelve of these studies 
had to be excluded because the full text was not accessible in any 
way and the abstract did not provide sufficient information on 
results,28,29 because the study was conducted in a HIC,30 because 
the study assessed costs of influenza vaccine co-administered 

Figure 1. Flow diagram of economic evaluations on seasonal and pandemic A (H1N1) 2009 influenza vaccines in LMICs.
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other studies from a third party public payer perspective. The 
included studies are described in detail by study design and 
main outcomes in the following.

Model-based analyses. The model-based analyses included 
were performed for Argentina,24 Brazil,40 Colombia41,42 and 
Mexico.43 Aballéa et al.40 conducted a cost-utility analysis to 
study the incremental costs per QALY gained when lowering 
the age threshold in Brazil, Germany, Italy and France for 
influenza vaccination among elderly aged 50 to 59 y (Brazil) 
and 50–64 y (other countries) compared with a policy of vac-
cinating elderly aged 60 y or older and 65 y or older, respec-
tively. Direct costs considered were those of vaccination, 
primary care and hospitalization paid for by the third party. 
Costs were additionally considered from a societal perspective 
in which patient co-payments and working absenteeism costs 
were addressed. The main influenza outcomes were influenza-
like illness (ILI), minor complications, hospitalizations for 
pneumonia and influenza, for other respiratory complica-
tions, and other complications and deaths. Value for money 
was assessed by comparing incremental costs per QALY 
gained with the value of the Gross Domestic Product (GDP) 
per capita of Brazil. Compared with the GDP per capita, 
extending the vaccination program to 50–59 y aged elderly 
was cost-effective in terms of utilities with a probability of 
83% from a third-party payers perspective and 79% from a 
societal perspective, with incremental costs of R$4075 (US$ 
1327, ref. year 2003, exchange rate as reported in manuscript) 
and R$2805 (US$ 914) per QALY gained, respectively. The 
costs per QALY outcomes were sensitive to incidence of ILI, 
number of workdays lost and setting.

The model-based cost-effectiveness study by Dayan et al.24 
focused on children aged 6 mo to 15 y at high risk of influenza 
complications (hemodynamically significant heart disease, 
asthma, cystic fibrosis, HIV-infected, chemotherapy and insu-
lin-dependent diabetes) in Argentina and compared influenza 
vaccination with no vaccination from a societal perspective. 
Direct medical costs included were vaccine costs, hospitaliza-
tion costs, costs of outpatient care (including physician con-
sultations, anti-pyretic therapy, X-rays, amantadine treatment 
and acute otitis media treatment) and costs for treatment of 
adverse events due to vaccination for which outpatient visits 
were needed. Sensitivity analyses included vaccine effective-
ness, incidence of influenza infection, vaccine price, vaccina-
tion coverage and hospitalization costs. This study was one 
of the few that additionally included indirect costs including 
parental absence from work. Cost-effectiveness was assessed 
as differences in costs between the non-vaccinated and vac-
cinated population, and it was concluded that vaccinating 
high-risk children was cost-effective with US$ 57.36 saved 
per influenza episode averted. Net cost savings to society were 
lost when the vaccine price was above US$ 20 per dose, when 
influenza incidence was 14% or less, or when vaccine efficacy 
was less than 35%.

Gutiérrez et al.43 estimated net vaccine costs by includ-
ing vaccination-related costs comprising of vaccine price, 
delivery and vaccine administration as well as costs for 
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pneumonia-related hospitalization. Vaccination of individu-
als aged 65 y and older living in Mexico could save between 
7454 and 11169 life years, leading to net costs per life year 
saved between 13,301 and 21,037 Mexican pesos (US$ 1210 
and 1910, respectively). The two scenarios assessed varied 
by vaccine effectiveness (20% vs. 30% against deaths). The 
sensitivity analyses included vaccine coverage, vaccine effec-
tiveness to prevent influenza/pneumonia deaths and cases 
and hospitalization costs for pneumonia.

Studies from Columbia also concluded that influenza 
vaccination would be cost-effective, however, focusing on 
different groups being vaccinated and from different per-
spectives. Chicaiza-Becerra et al.41 evaluated the implemen-
tation of a vaccination program for health workers in close 
contact with hospitalized oncological patients. Vaccination 
costs per 10,000 vaccinated health care personnel and aver-
age costs for hospitalization of oncological patients that 
have contracted influenza virus, were included. The input 
data were transmission probabilities, number of health 
personnel in contact with oncological patients, annual 
numbers of hospitalized cancer patients and days of hos-
pitalization per cancer patient plus additional days due to 
influenza complications. From a payer’s point of view, the 
vaccine program introduction could result in cost savings 
up to 2,978,000 Colombian pesos (US$ 1,324) due to addi-
tional days of hospitalization averted. In consequence, such 
a program could avert 10,632 d of hospitalization, although 
it was not clearly stated how this result was obtained. The 
second Colombian study42 analyzed the incremental costs-
effectiveness ratio for vaccinating children below 2 y of age 
and elderly above 65 y. Influenza outcomes and direct cost 
components included varied by target group studied. For 
children, the annual number of acute respiratory infection 
(ARI) cases, medical visits, hospitalizations and deaths 
from ARI were considered together with ARI-related 
hospitalization and medical visit costs. For the elderly, 
the annual number of deaths and hospitalizations due to 
cardiocirculatory diseases were considered as well as ARI-
related hospitalization costs. It was found that influenza 
infection associated costs could be reduced by 59% if vacci-
nation for the target groups was implemented. Vaccination 
appeared to be highly cost-effective for the infant age-group 
and cost-saving for the age-group above 65 y. The incre-
mental cost-effectiveness ratio for influenza vaccination in 
the infant age group ranged from US$ 1,900 to 2,967 per 
averted death. The number of preventable ARI-related hos-
pitalizations among infants below 2 y of age was estimated 
to be between 334 and 1232 and among elderly between 
9747 and 10263. Results from the sensitivity analysis indi-
cate robustness of all parameters studied between two dif-
ferent geographical scenarios.

RCT-based analyses. The RCT-based cost-effective-
ness and cost-benefit analyses included were conducted in 
Thailand44,45 and China.46,47

Wongsurakiat et al.45 compared chronic obstructive 
pulmonary disease (COPD) patients vaccinated with 
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economic evaluation providing costs of a possible influenza pan-
demic, and was therefore excluded.

Overall, the articles included indicate cost-effectiveness of 
seasonal influenza vaccination in elderly, children with high-risk 
conditions, infants, health care personnel and COPD patients in 
MICs. Out of the nine economic evaluations of seasonal influ-
enza vaccine in LMICs, five were model-based economic studies 
and suggest that, compared with different alternative scenarios 
or current situation, seasonal influenza vaccination could provide 
value for money for elderly aged 50–59 y compared with elderly 
of 55–59 y, elderly above 65 y of age, children with high-risk con-
ditions of six mo to 15 y compared with no vaccination, infants 
below 2 y of age and health care personnel in contact with onco-
logical patients. The evidence on value for money is in line with 
investigations from some high-income countries, where influenza 
vaccination was found to be cost-effective among elderly, healthy 
adults, children and pregnant women.10-20 Vaccination even 
resulted in cost savings per influenza episode averted instead of 
expenditures, which has also been shown for the US.14 Among the 
RCT-based economic evaluations from Thailand, one reported 
influenza vaccination to be cost-effective and cost-saving for 
COPD patients; the other one concluded that it might not be 
cost-effective for community-dwelling elderly aged 60 y and 
above. RCTs from China found that influenza vaccination was 
cost-beneficial for elderly and healthy adults with regard to influ-
enza-related and non-related outcomes (e.g., CVD).

Six of the excluded studies were cost analyses conducted 
from an employer’s perspective.34-39 Despite their exclusion, we 
considered it important to report characteristics and the overall 
finding from these investigations, which was that influenza vac-
cination is cost-saving (Appendix 3 in Supplemental Material). 
All of these studies need to be interpreted with care since calcu-
lation procedures for economic loss as well as cost components 
and financial interest were not well reported and limitations 
were rarely discussed.

Given the limited number of investigations and the lack of 
standardized definitions used in the studies, this review points 
to the shortage of transparent economic evaluations being avail-
able for LMICs and to the challenges associated with provid-
ing a statement on cost-effectiveness or cost saving achieved 
by influenza vaccination. First of all, we only identified studies 
that were conducted in urban regions of upper middle-income 
countries, meaning the results cannot be generalized to rural 
regions, particularly for low and lower middle-income coun-
tries. Second, the identified studies suffer from several meth-
odological limitations: (1) The study outcome was not clearly 
defined and framed, i.e., influenza was assessed unspecifical and 
not laboratory confirmed and reported as ILI, ARI, or pneu-
monia.40,42-44,46,47 In one trial, CVD and diabetes was addition-
ally considered, and highest cost-benefit was, controversially, 
achieved for CVD, but no cost-benefit was obvious for respira-
tory infections and ILI.47 Different definitions and imprecise 
detection of influenza could impact on projected cost savings 
and benefits. (2) Certain variables were not reported, defined or 
considered, e.g., timing of vaccination, the interaction between 
timing of vaccine administration and seasonal variability as 

inactivated influenza vaccine to a group receiving placebo. 
Discounting and sensitivity analyses were not performed, and 
cost-effectiveness was evaluated by means of cost differences 
between vaccinated and placebo group with regard to episodes 
of ARI averted. In the cost-effectiveness analysis only the vaccine 
price was included and no hospitalization or outpatient costs. 
The conclusion was that the vaccine is cost-effective and cost-
saving for COPD patients; however, it is not obvious which costs 
were compared with the costs per episode prevented.

The second RCT-based cost-effectiveness analysis was con-
ducted for inactivated influenza vaccination of community-
dwelling elderly aged 60 y or older compared with a placebo 
group.44 Outcomes assessed were ILI, upper respiratory infec-
tion and serologically confirmed influenza. No discounting was 
reported, and sensitivity analyses were not performed. By includ-
ing vaccine price, total expenses of ILI and of upper respiratory 
infections into the costs, the authors concluded that it may not be 
cost-effective to recommend vaccination of community-dwelling 
elderly aged 60 y and above.

Both Chinese RCTs were cost-benefit analyses. Gao et al.46 
looked at cost-benefits of vaccinating employees insured under a 
social health program and extrapolated the effects to the popula-
tion of a Chinese city. Liu et al.,47 on the other hand, focused 
on cost-benefits of vaccinating elderly. The trials considered out-
comes such as ILI and several other chronic diseases including 
cardio-vascular diseases (CVD) and diabetes. In Gao et al.46 
direct costs included were hospitalization costs, vaccine and 
vaccine-related costs for cold chain, administration and trans-
portation, as well as treatment costs for adverse vaccine events. 
Indirect costs of work absenteeism, such as average salary per day 
of absence, were also considered. At vaccine coverage of 60%, 
Gao et al.46 found a cost-benefit ratio for reducing hospitalization 
related to respiratory system diseases and CVD of 6.48 with costs 
saved of 81 million Yuen (US$ 9.78 million in 2005). Vaccine 
coverage above 60% did not significantly impact on the cost-
benefit ratio.

By comparing differences in rates of ILI and ILI-related clinic 
visits, respiratory diseases and chronic diseases (CVD, diabetes) 
between vaccinated and non-vaccinated elderly in relation to 
total cost estimates, Liu et al.47 reported a summary cost-benefit 
ratio of 4.98 achieved by vaccination. However, a miscalculation 
ignoring the negative benefit for respiratory infections is likely. 
Looking at disease-specific cost-benefit ratios, the highest benefit 
was achieved for CVD (4.47), but there was none for ILI (0.00) 
and respiratory infections (−0.28). The total cost estimate was 
based on vaccine-related costs, such as vaccine price, administra-
tion and transportation, as well as costs for treatment of adverse 
vaccine events (Table 1; Table 2).

Discussion

This comprehensive systematic review provides findings on the 
value for money of seasonal influenza vaccination in LMICs as 
obtained from nine studies conducted in upper middle-income 
countries. One additional article on pandemic (A/H1N1) influ-
enza vaccination was available,20 but this only described a partial 
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were possibly relevant, all abstracts were examined for eligibil-
ity. Since only a few studies described economic aspects and 
since we looked at all of them, we believe not to have missed 
relevant published information. Our search focused on medical 
databases and it is possible that there are publications listed in 
economic databases only, which are not covered by our review. 
Given the low number of studies and inconsistencies in defini-
tions and outcomes used, we did not perform a quality appraisal 
in a meta-analytic manner. However, study quality issues were 
assessed descriptively and interpreted accordingly.

Conclusion

In this systematic review, we identified information on seasonal 
influenza vaccination indicating that influenza vaccine provides 
value for money in certain population groups in MICs. However, 
the number of studies included was limited and their quality 
rather low with a lack of reporting important parameters. We 
only retrieved nine economic evaluations from MICs, all of them 
based in urban regions of upper middle-income countries. Part of 
these studies was funded by industry or did not state the funding 
source, which might have induced a risk of potential conflict of 
interest. Future work should include more transparent informa-
tion and context-specific data on economic benefits in middle 
and especially low-income countries, particularly for at risk 
populations recommended for vaccination by WHO. This also 
includes work to better estimate influenza-attributable morbidity 
and mortality, which is to be taken into account when assessing 
health care expenditure and benefits. In addition, broader eco-
nomic benefits of vaccination beyond mortality and morbidity 
reduction are also relevant to decision makers. Hence, better evi-
dence is needed about some of these benefits such as intersectoral 
macroeconomic benefits or intergenerational tax transfers.49
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well as some cost components. The assumptions and defini-
tions reported vary greatly ranging from vaccine effectiveness 
and whether or not the same QALY weights can be used across 
different countries24,40 to variations in influenza incidence and 
costs included. Mostly, only certain direct costs were consid-
ered, e.g., no treatment costs for influenza, which may have 
particularly affected cost-effectiveness estimation in popula-
tions such as cancer patients,41 and no direct costs for treatment 
of adverse vaccine events.40 Indirect costs were only addressed 
in a few studies24,40,46 but also not to a full extent; thus, other 
factors, e.g., costs of secondary transmission of influenza to 
household contacts, were ignored.24 (3) In the few cases where 
important outcomes such as QALYs were reported, stratifica-
tion by factors potentially impacting on costs per QALY gained, 
e.g., the setting in which the vaccine was administered, was 
not done.40 (4) The transparency of information was affected 
as reporting of precise values, costs covered, and presenting of 
threshold analyses was incomplete in some instances or it was 
not clear where cost estimates were derived from.40-44,47 Missing 
crucial information on funding source, analytical horizon and 
discount rate also impacted on credibility and transparency of 
the results presented. Thus, it could be that future benefits and 
costs were included without stating it and that conflicts of inter-
est arose from the funding source, which would impact on the 
conclusion drawn.

Results from the RCT-based analyses should be interpreted 
with even more caution than those from the model-based stud-
ies, because mainly only direct medical costs of influenza vac-
cination were reported, economic calculations and the data on 
which the studies based their conclusions were not transpar-
ent or well described, and no uncertainty analyses were per-
formed. For example, Wongsurakiat et al.45 did not indicate to 
which costs they compared the costs per ARI prevented, which 
makes a comprehensive statement on costs saved impossible. 
Praditsuwan et al.44 on the other hand did not clearly describe 
which expenses were included, and it was not possible to extract 
a value for money outcome from that study. The result from 
that RCT-based evaluation in elderly in Thailand suggests that 
influenza vaccination of all older persons living in the commu-
nity was not cost-effective. However, value for money outcomes 
from these RCTs might be influenced by factors potentially 
impacting on effectiveness such as antigenic match between 
vaccine strain and circulating virus strains14,48 and seasonality 
of influenza within Thailand, which may experience influenza 
presence during the whole year or in a biannual pattern instead 
of annual epidemics.2,48 Major limitations in the Chinese RCT 
among elderly derive from focusing on diseases not related to 
influenza-vaccine, such as CVD and diabetes, and from the 
result that the cost-benefit ratio was highest for CVD, which 
makes it likely that other factors than vaccination may play a 
role.47 In addition, the summary cost benefit presented for vac-
cinating elderly might be misleading since it suggests a benefit 
for all diseases considered which is not obvious from the indi-
vidual data presented.

One of the limitations of our review is related to the fact that 
the first screen of studies was based on titles. Of the titles that 
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