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ABSTRACT

Background: Seasonal influenza illness and acute respiratory infections can impose a substantial economic burden in low- and
middle-income countries (LMICs). We assessed the cost of influenza illness and acute respiratory infections across household
income strata.

Methods: We conducted a secondary analysis of data from a prior systematic review of costs of influenza and other respiratory
illnesses in LMICs and contacted authors to obtain data on cost of illness (COI) for laboratory-confirmed influenza-like illness
and acute respiratory infection. We calculated the COI by household income strata and calculated the out-of-pocket (OOP) cost
as a proportion of household income.
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Results: We included 11 studies representing 11 LMICs. OOP expenses, as a proportion of annual household income, were

highest among the lowest income quintile in 10 of 11 studies: in 4/4 studies among the general population, in 6/7 studies among

children, 2/2 studies among older adults, and in the sole study for adults with chronic medical conditions. COI was generally
higher for hospitalizations compared with outpatient illnesses; median OOP costs for hospitalizations exceeded 10% of annual
household income among the general population and children in Kenya, as well as for older adults and adults with chronic med-

ical conditions in China.

Conclusions: The findings indicate that influenza and acute respiratory infections pose a considerable economic burden, par-

ticularly from hospitalizations, on the lowest income households in LMICs. Future evaluations could investigate specific drivers

of COI in low-income household and identify interventions that may address these, including exploring household coping mech-

anisms. Cost-effectiveness analyses could incorporate health inequity analyses, in pursuit of health equity.

1 | Background

Seasonal influenza inflicts substantial economic burden on in-
dividuals, healthcare systems, and societies in low- and middle-
income countries (LMICs) [1-3]. This burden includes direct
medical and nonmedical costs to households and health sys-
tems, primarily driven by hospitalizations, as well as indirect
costs from productivity losses, and broader impacts to the econ-
omy through effects on trade and economic development [2]. A
recent systematic review estimated that the total annual cost of
influenza illness in LMICs could represent up to 0.3%-7.2% of
the national health expenditure [1].

Influenza illness episodes may especially impact lower in-
come households, which could be more vulnerable to the im-
pact of unexpected out-of-pocket (OOP) costs for healthcare.
Catastrophic health expenditures (CHEs), or health spending
that requires a household to reduce expenditures on items
needed for basic subsistence to pay for healthcare, can result
in financial impoverishment [4, 5] and are commonly defined
as costs exceeding 10%, 25%, or 40% of basic annual household
consumption [5-7]. Although the 10% threshold is commonly
used [6], studies of CHEs frequently present results using mul-
tiple thresholds, due to the setting- and household-specific nu-
ances of assessing financial hardship from paying for health
[8]. CHEs are a substantial problem: an estimated 12% of
households globally, comprising 808 million people, incurred
catastrophic health costs (using the 10% definition) in 2010 [6].
The United Nations' Sustainable Development Goals 3.8.2 and
1.1.1 recognize the impact of health expenditures on house-
hold poverty and aim to reduce the number of households with
CHESs and the number of households driven into poverty by
healthcare costs [7].

The global contribution of influenza illness to CHEs is un-
known. To estimate the impact of influenza-associated ill-
nesses on household finances, assess inequalities in the
economic burden of influenza, and assess costs by household
income strata, we conducted a secondary analysis of data from
studies on the cost of influenza in LMICs. We calculated, by
household income strata, total costs and OOP costs for influ-
enza illness and acute respiratory infections. We also calcu-
lated OOP costs as a proportion of household income as a proxy
for assessing the potential for influenza and acute respiratory
infections to cause CHEs.

2 | Methods
2.1 | Data Sources

We sought published studies on influenza cost of illness (COI)
that included household income data. We reviewed studies
identified from a recent systematic review by two coauthors
of this study (RG and KEL) on economic evaluations for influ-
enza in LMICs, registered at PROSPERO (international pro-
spective register of systematic reviews) under protocol number
CRD42022304803 [1]. In brief, the review described a systematic
search using Medline, Embase, Cochrane Library, CINAHL,
and Scopus in January 2022 and in October 2023 and included
studies with a publication year of 2012 through 2023. Search
terms were a combination of the following key words: “influ-
enza” AND “cost” OR “economic”; full methods of the system-
atic review are previously published [1].

Studies in any language from the systematic review were consid-
ered eligible for inclusion in this study if they (1) reported COI
for laboratory-confirmed influenza virus infection, influenza-
like illness (ILI), severe acute respiratory infection (SARI), or
acute respiratory infection (ARI) and (2) reported household in-
come data. The original systematic review excluded COI studies
that used an ARI case definition; however, those studies were
retrieved from screening and considered eligible for inclusion in
our analysis. Additionally, unpublished COI data from analyses
supported by the US Centers for Disease Control and Prevention
(CDC) Influenza Division were eligible for inclusion.

We contacted the authors of each eligible study to obtain deiden-
tified data used for the original analysis, including patient demo-
graphics, type of care (inpatient or outpatient), direct and indirect
COI, monthly household income, and insurance status. For stud-
ies for which individual level data were not available, data were
accepted in aggregate form, reporting the average COI by monthly
household income quartile or quintile. Although not all studies
reported data that would enable calculation of OOP as percent
of household income, we also included those that reported total
COI and household income because these studies could give an
indication of the impact of illness in the absence of insurance and
government subsidies. We treated each reported case of influenza
as a separate observation (i.e., we did not account for the fact that
some patients might have had repeated illnesses, as no personally
identifiable information was shared in the data).
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2.2 | Data Analysis

We converted all currencies to US dollars (US$) using the
International Monetary Fund official exchange rate for the
nominal year [9] and then inflated all results to 2022 US$
using the US Bureau of Economic Analysis gross domestic
product (GDP) implicit price deflator [10, 11]. We stratified the
reported monthly household incomes in each study into quin-
tiles; if household-level income data were not shared, we used
predetermined quintiles or quartiles as classified by the study
authors. Annual income was assumed to be 12 times the re-
ported monthly income. We then calculated the median direct
medical cost (payments for medicine and medical services),
direct nonmedical cost (other payments required to access
healthcare; e.g., travel costs), and indirect cost (loss of income
from missed work due to illness), as well as the median total
cost (inclusive of direct medical, direct nonmedical, and indi-
rect costs), for each income quintile. We calculated the OOP
COI (as reported by the study authors, generally defined as
individuals’ direct expenses or outlay for health care services
[12]) as a proportion of the monthly and annual household
income. We used total household income for two reasons: (1)
availability of income data across the included studies and (2)
to standardize the net proportion of income that is spent on
acute respiratory illness. In an ideal scenario, this cost would
be calculated using a household's capacity to pay for health
care after necessary costs are subtracted from total household
income (expenses for housing, transportation, utilities, food,
etc.), as indicated by the WHO. However, the availability of
household consumption costs was not standard across the
studies—the majority only provided data on total household
income and the COL.

We reported the median proportion across households (studies
from China [13], Colombia [14], and Malaysia [15]), or when only
aggregate income strata were provided, we reported the median
OOP cost as a proportion of the midpoint household income for
each stratum (studies from China [16], Kenya [17], Mongolia
[unpublished], South Africa [18], and Thailand [19]). For one
study, we reported previously published calculations of the OOP
costs as a proportion of household income, as line list data were
not available (Bangladesh [20]). We stratified results by house-
hold income quintile or quartile and inpatient/outpatient status,
population (general population or influenza vaccination target
group: children [inclusive of children <18years], older adults
[>60 or >65years, depending on the study], and adults with
chronic medical conditions), and World Bank income classifi-
cation [9]. We only reported results for which there were at least
10 individuals represented in the population. Data from each
original study were analyzed separately; no pooled analyses
were performed. All analyses were performed in SAS 9.4, and
all costs were reported in 2022 USS$.

2.2.1 | Ethical Clearance

This activity was reviewed by the U.S. CDC, deemed not re-
search, and was conducted consistent with applicable federal
law and U.S. CDC policy under project ID 0900f3eb821acfca.

3 | Results

Of 24 COI studies included in the original systematic review [1],
nine reported data on monthly household income and were con-
sidered eligible for this analysis. We reviewed an additional 13
studies that were excluded during the systematic review screen-
ing phase due to use of an ARI case definition, four of which re-
ported data on household income and were eligible for inclusion.
Additionally, an eligible working paper was identified from an
unpublished COI study supported by U.S. CDC and conducted
in Mongolia (Figure S1).

Of these 14 eligible studies, data from 11 studies (79%) were re-
ceived and included in this analysis (Tables 1 and S1). Studies
represented one low-income country (Bangladesh [20]), four
lower-middle income countries (El Salvador [21], Kenya [17],
Mongolia [unpublished], and Vietnam [22]), and six upper-
middle income countries (China [13, 16|, Colombia [14],
Malaysia [15], Panama [21], South Africa [18], and Thailand
[19]). Of 11 studies, 5 reported COI for the general population,
9 for children, 2 for older adults, and 1 for adults with chronic
medical conditions. Five studies reported only costs for hospi-
talized illnesses, one reported only costs for outpatient illnesses,
and five reported both. All studies used a societal perspective.

Among studies that evaluated COI for the general population
(inclusive of all ages), only the studies from Kenya and South
Africa had data for calculating the median total cost of hospital-
ized illnesses. By income quintile, this ranged from US$ 100 to
185 in Kenya and US$ 645 to 709 in South Africa. Studies from
Kenya, South Africa, and Vietnam had data for calculating the
median total cost of outpatient illnesses; these ranged from US$
8 to 19 in Kenya, US$ 35 to 44 in South Africa, and US$ 53 to
73 in Vietnam (Table 2). OOP expenses, as a proportion of an-
nual household income, were highest among the lowest quintile
in all four studies that reported data. For hospitalized illnesses,
this proportion was 11% in Kenya, 3% in both Bangladesh and
South Africa, and 2% in Mongolia; while OOP expenses for out-
patient illnesses accounted for 1% of annual household income
in Kenya, South Africa, and Mongolia (Table 2).

Among studies that estimated the COI for children, the median
total cost of hospitalized illnesses, by income strata, ranged
from US$ 482 to 1025 in China, US$ 873 to 2669 in Colombia,
US$ 46 to 57 in El Salvador, US$ 59 to 100 in Panama, US$ 103
to 170 in Kenya, US$ 319 to 377 in Malaysia, US$ 644 to 696 in
South Africa, and US$ 131 to 1091 in Thailand (Table 3). The
median total cost of outpatient illnesses by strata was US$ 77—
128 in China, US$ 6-151 in Kenya, US$ 28-49 in South Africa,
US$ 19-31 in Thailand, and US$ 78-308 in Vietnam. OOP
expenses, as a proportion of annual household income, were
highest among the lowest quintile in six of seven studies that
reported data (all except Colombia). Among the lowest income
stratum, OOP expenses for hospitalized illnesses represented
11% of annual household income in Kenya, 9% and 5% in China,
5% in Thailand, 3% in South Africa, 2% in Malaysia, and 1% in
Colombia; OOP expenses for outpatient illnesses represented 3%
of annual income in Kenya and 1% across China, South Africa,
and Thailand (Table 3).
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Lastly, among studies examining the COI for older adults, the
median total cost of hospitalized illnesses, by income quintile,
ranged from US$ 164 to 493 in China; the median total cost
of outpatient illnesses was US$ 15-32 in China and US$ 20—
111 in Vietnam (Table 4). In the one study that examined the
COI for adults with chronic medical conditions (China), the
median total cost of hospitalized illness, by income quintile,
ranged from US$ 74 to 505, and outpatient illnesses ranged
from US$ 21 to 44. Again, for both older adults and adults
with chronic medical conditions, OOP costs as a proportion
of annual household income were highest among the lowest
income quintile in all studies; the proportion was 85% for hos-
pitalized illnesses and 2% for outpatient illnesses for all older
adults in China and 59% for hospitalizations and 1% for out-
patient illnesses for adults with chronic medical conditions in
China (Table 4).

4 | Conclusion

Our findings document that influenza illness and ARIs dispro-
portionately affect the lowest income households. Our results
suggest that expenses from these illnesses, particularly ones
that result in hospitalizations, could be catastrophic for low-
income households. We documented several instances where
median OOP costs exceeded 10% of annual household income,
a commonly accepted definition for CHE: hospitalized illnesses
among the general population and children in Kenya [17], as
well as older adults and adults with chronic medical conditions
in China [13].

In cases where expenses from influenza illness and ARIs did not
meet the definition of catastrophic based on the calculated pro-
portion of annual household income, OOP expenses may have
the potential to impact the financial well-being of the household
over a shorter time period. For example, in households with lit-
tle savings, OOP costs may impede the ability to pay for food
and other basic services in the short term. The Bangladesh COI
study, in which median OOP expenses were 37% of monthly in-
come of households in the lowest income quintile, reported that
100% of these households had to borrow money to cover OOP
expenses from hospitalizations [20]. Other mechanisms for ad-
dressing OOP costs, in addition to borrowing, include diversify-
ing income, selling assets, or reducing household expenditures,
most often on food [23, 24], which can have additional negative
downstream effects.

Among the studies that evaluated multiple target groups, OOP
expenses among hospitalized cases as a proportion of income
were particularly high among the lowest income stratum for
older adults and adults with chronic medical conditions in
China [13]; they were also high (11%) in children and in the
general population in Kenya [17]. In the China study, driv-
ers of these high costs included nonreimbursed hospitaliza-
tion expenses, direct nonmedical costs, and over-the-counter
medicines, as well as low incomes of the populations in these
groups [13]. In the Kenya study, children comprised the ma-
jority of the population, they were also hospitalized longer,
and their caregivers were more likely to buy over-the-counter
medicine before being admitted, which likely drove the
higher costs.

Our findings are consistent with a 2019 systematic review of
44 studies from 22 countries [25] and a 2022 systematic review
of studies in Sub-Saharan African countries [26], which both
found that low economic status, hospitalization, older age, and
chronic illness were associated with household CHEs from all
causes. Both reviews, as well as a 2003 review of CHEs in 59
countries [5], indicated that lack of health insurance was asso-
ciated with CHESs; although we could not assess the impact of
insurance on illness-associated expenditures in this analysis
because coverage and schemes varied widely, this topic merits
further exploration in future studies.

Evaluating household financial hardship solely based on OOP
expenditures does not take into account the effect of indirect
costs, such as loss of wages due to missing work, which can be
substantial in low-income households and in LMICs [1, 2]. The
studies included in this review indicate that the total COI can
inflict a financial burden on households that is several folds
higher than the OOP costs alone. Additionally, individuals
with respiratory infections might incur long-lasting economic
effects beyond the course of acute illness (e.g., from missed
education or disability), which could further impoverish
households and communities. Alternatively, individuals may
not seek care if they know they would not be able to afford
treatment.

These findings are subject to several limitations. Although the
included studies were identified through a systematic search,
they might not be representative of all available literature on
influenza and ARI COI; we only included studies for which
authors agreed to share data and additionally included one un-
published study based on prior engagement with CDC. There
was wide variation in methodology (e.g., in the cost compo-
nents included in COI) and illness case definitions used across
studies, limiting the ability to synthesize results across studies.
Relatedly, characteristics of each study setting, such as public
and private insurance schemes and coverage, likely varied sub-
stantially. Economically disadvantaged households might be
less likely to seek care because of financial and social barriers
[27], and thus, case recruitment and cost estimates might be
selective to only those who can afford to seek care. The gener-
alizability of results might be limited by the small number of
households within some income quintiles, and for some studies,
only aggregate data were available.

All but one of the included studies represented middle income
countries; further evaluation of cost disparities within low- and
high-income countries is warranted. We restricted our search
to studies that used a case definition of laboratory-confirmed
influenza or syndromic definitions requiring respiratory symp-
toms (ILI, SARI, and ARI); however, influenza can also present
as nonrespiratory illness with broader consequences than those
here analyzed, and thus, the true economic impact might be un-
derestimated [28]. Although we retrieved studies using an ARI
case definition from the screening phase of the original system-
atic review search [1], the search terms in the systematic review
were not designed to capture ARI studies, and some literature
might have been missed. As previously discussed, cost data were
reported for illness among a single household member; however,
a household might incur multiple influenza illnesses during a
year and could incur higher costs than captured in this analysis.
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We conducted this analysis under several assumptions. Due to
data availability, we estimated the potential for CHEs based
on total reported household income, which might overes-
timate actual income available to spend on healthcare after
subsistence expenditures. We also assumed stable incomes
for households when calculating the annual income as 12
times the reported monthly income; however, this might not
be true for all households, particularly those in settings with
large informal labor markets. We used the indicator of 10% of
total household income to define CHE, rather than the WHO
indicator of 40% of a household's capacity to pay for health
care. This proxy may underestimate the impacts on lower in-
come households, which typically spend a greater proportion
of their income on housing, food, and utilities than higher
income households—therefore, spending 10% of total house-
hold income on OOP health care costs may equate to greater
than 40% of a household's capacity to pay for health care in
low-income households. Considering the “capacity to pay for
health care” indicator, spending 10% of total household in-
come on OOP costs may not be catastrophic for some house-
holds but will exceed catastrophic levels in others. Although
we stratified our analysis by household income quintile, this
does not adequately account for a household's ability to pay
for health care and thus may introduce bias into the costs that
are considered catastrophic, particularly for lower income
quintiles.

In summary, we documented the potential for households to
incur CHEs from influenza illness and ARIs, particularly
among the lowest income strata and in cases of hospitalized
illness. Interventions to prevent and reduce severity of influ-
enza illness, such as seasonal influenza vaccination, as well as
other interventions to reduce ILI and ARI, such as nonphar-
maceutical interventions, antivirals, and other respiratory vac-
cines (e.g., respiratory syncytial virus and COVID-19 vaccines),
could have significant benefits in reducing COI. The disparate
impact of influenza illness and ARIs on households and risk
for CHEs also underscores the global importance of health fi-
nancing policies that reduce financial hardship from illness [7].

Future economic evaluations for influenza and ARI COI should
consider including questions on household income and on mech-
anisms employed to cope with high health expenditures to con-
textualize the impact and report findings. From the 11 studies
we included in this analysis, only one reported costs stratified by
household income in the results [20]; additional efforts to exam-
ine COI by income level, taking into account the country-specific
context, would strengthen the global evidence base. Additionally,
future evaluations of the cost-effectiveness of interventions (e.g.,
vaccination) could incorporate health inequities, such as those
stemming from income disparities, into their analyses by using
equity-informative methods such as extended or distributional
cost-effectiveness [29-31]. Ultimately, continuing to evaluate and
mitigate the costs of influenza illness, particularly among house-
holds in the lowest income strata, is a matter of health equity.
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