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Abstract

Introduction

This study systematically reviews costing studies of seasonal influenza-like illness (ILI) in

high-income countries. Existing reviews on the economic impact of ILI do not report informa-

tion on drug consumption and its costs, nor do they provide data on the overall cost per

episode.

Methods

The PRISMA-P checklist was used to design the research protocol. Studies included were

cost of illness analysis (COI) and modeling studies that estimated the cost of ILI episodes.

Records were searched from January 2000 to December 2016 in electronic bibliographic

databases including Medline, Embase, Science Direct, the Cochrane Library, the Centre for

Reviews and Disseminations of the University of York, and Google scholar. References

from the included studies were hand-searched for completion. Abstract screening, full-text

analysis and data extraction were performed by two reviewers independently and discrep-

ancies were resolved by discussion with a third reviewer. A standardized, pre-piloted form

was used for data extraction. All costs were converted to 2015 US$ Purchasing Power

Parities.

Results

The literature search identified 5,104 records. After abstract and title screening, 76 studies

were analyzed full-text and 27 studies were finally included in the review. Full estimates of

the cost per episode range from US$19 in Korea to US$323 in Germany. Particularly, the

cost per episode of laboratory confirmed influenza cases was estimated between US$64

and US$73. Inpatient and outpatient services account for the majority of the costs. Differ-

ences in the estimates may reflect country-specific characteristics, as well as other study-

specific features including study design, identification strategy of ILI cases, study popula-

tions and types of costs included in the analysis. Children usually register higher costs,
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whereas evidence for the elderly is less conclusive. Patients risk-profile, co-morbidities and

complications are the other important cost-drivers. None of the papers considered appropri-

ateness in resource use (e.g. abuse of antibiotics). Despite cost of illness studies have ulti-

mately a descriptive role, evidence on (in)appropriateness is useful for policy-makers.

Introduction

Influenza is defined as an acute viral infection of the respiratory tract, with symptoms marked

by inflammation of the nasal mucosa, the pharynx, and conjunctiva, and by headache and

severe, often generalized, myalgia. It usually occurs in winter months with epidemic outbreaks

occurring every year, causing substantial morbidity and even mortality when followed by

severe clinical complications. The World Health Organization (WHO) estimates that world-

wide, these annual epidemics result in about 3 to 5 million severe cases of illness and about

250,000 to 500,000 deaths [1].

Given the high annual morbidity, influenza episodes put also a considerable strain on

health care systems, with expenditures originating from both inpatient and outpatient settings.

Previous research has estimated that in 2003, direct medical costs for the treatment of influ-

enza were about $10.4 billion in the United States [2], whereas in Italy, Lai et al. reported a cost

for seasonal influenza epidemics (1999–2008) ranging between US$0.3 and US$2.7 billion per

year, with an annual average of US$1.4 billion [3]. Despite being expensive, hospitalization

events are rare, while outpatient medical services and drugs are deemed to represent a consid-

erable share of total health-care spending. For example, Molinari et al. [2] estimated that out-

patients visits in the United States account for about 30% of total influenza costs.

In addition, management of influenza-like symptoms might encompass potentially inappro-

priate expenditures including unnecessary emergency visits, or inappropriate pharmacological

management [4]. For example, the problem of antivirals, such as oseltamivir, being prescribed to

patients who do not actually have influenza is widely acknowledged among the medical commu-

nity. Conversely, inappropriate prescriptions of antibiotics to laboratory-confirmed influenza

patients has been reported to be as high as 30% in five US centers [5]. Not only such practices

prompt unnecessary costs to the health-care system and longer time to recovery for patients, but

ultimately, they may also favor the emergency of drug-resistant infections in the long term.

Furthermore, the burden of influenza extends to the wider societal perspective, including

direct health-related out-of-pocket expenditures (OOPs), and indirect costs that are mainly

driven by productivity losses due to work absenteeism, and informal caregivers time.

Lastly, both clinical outcomes and costs vary by population sub-groups, with higher risk

patients accounting for higher costs due to the insurgence of complications and the need of

more specific treatment strategies. Particularly vulnerable groups are pregnant women, chil-

dren, the elderly, and individuals with specific chronic medical conditions, such as chronic

heart diseases, lung diseases, or HIV/AIDS.

Previous reviews have analyzed the economic burden of influenza on both direct healthcare

costs and indirect societal costs [6–8]. For example Peasah et al. reports nationally-aggregated

and per capita costs of hospitalization events, outpatient services and productivity losses [8],

whereas Dao et al. collected data on direct medical and non-medical costs as well as indirect

costs [6]. These previous works generally provide aggregate estimates per macro-categories of

costs, per capita costs and average cost per item. For example, Peasah et al. report that indirect

costs account for more than 50% of total costs in five out of eight studies reviewed, and that

total costs per capita range between US$ 1 (Thailand) to US$ 63 (USA). The authors also
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provide separated cost estimates for hospitalization events, outpatient visits and per-day pro-

ductivity losses [8]. However, they do not provide any data on the costs per episode, nor they

report specific cost items and drug expenditures, or any consideration on inappropriate spend-

ing for the management of influenza.

The main objective of this review is to update the current literature with more detailed data

on the main determinants of direct health-care expenditures for influenza. To this end, the pri-

mary aims are to i) collect and analyse detailed data on influenza-driven health-care costs per

episode, with a specific focus on inpatient and outpatient costs, emergency department (ED)

services, and drugs; ii) analyse the available evidence about drug expenditures, particularly

symptomatic treatments and over-the-counter (OTC) drugs, and iii) report on how different

cost items vary by population subgroups such as specific age and risk profiles.

Secondary aim of the proposed review is to provide evidence, if any, about inappropriate

influenza-related use of direct healthcare resources (i.e. inappropriate prescriptions of drugs,

or unnecessary ED visits).

Methods

A research protocol for this review was drafted using the PRISMA-P checklist [9]. The types of

studies considered were all types of cost of illness analyses (COI), including both incidence

and prevalence-based analyses, using either prospective or retrospective data. Modeling studies

that empirically estimated the cost per influenza-related episode and then extrapolated it to a

wider population were included as well.

Since this review was not aiming to estimate the impact of specific interventions (e.g. the

impact of vaccines, or rapid influenza diagnostic tests on costs or cost-effectiveness), all cost-

effectiveness and budget impact analyses, or other types of comparative studies were not

included. Costs may be estimated through either a bottom up or top down approach, with data

sources including administrative data, medical records or patient surveys. Other types of stud-

ies and data sources, not specifically covered by the defined inclusion criteria, were assessed on

a case-by-case basis, and included if deemed informative to the aim of the review.

Participants of the studies were from the general population living in high income countries

according to the list provided by the World Bank [10]. This restriction in scope is justified by

the fact that cost estimates in low and middle-income countries are poorly comparable to

those in high income countries, mainly because of differences in the healthcare systems,

including funding schemes, share of private co-payments and service provision. In addition,

data were collected also from studies providing differential estimates for, or focusing on popu-

lation subgroups that are considered more at risk of influenza or influenza-related complica-

tions (e.g. children and the elderly and individuals with co-morbidities or complications).

A wide definition of influenza-related disease has been adopted, by including all studies

where the target condition was labelled as laboratory confirmed influenza, influenza like illness

(ILI); Parainfluenza Virus (PIV), acute respiratory infection (ARI), or respiratory syncytial

virus (RSV). Conversely, studies estimating the costs of pandemic influenza, such as the 2009

swine flu pandemic, were not included in the review.

The primary outcomes of the present review are seasonal influenza-related direct health

care costs. Studies could take either the healthcare sector perspective or a wider societal per-

spective. However, when a societal perspective was used, data were extracted for direct health-

care costs only. When not directly provided, the cost per influenza-related episode was calcu-

lated by dividing the overall costs by the number of episodes reported. Conversely, studies

were discarded whenever only aggregate estimates were reported, and conversion was not

deemed possible.
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When different estimates were provided (e.g. by age-group, or sex) an overall figure was cal-

culated by using weighted averages (based on sample numbers), or using normal averages

when the first was not possible. Also, when reported, a description of results by relevant sub-

groups in each study was provided.

Records were searched from January 2000 to December 2016 in electronic bibliographic

databases including Medline (via Web of Science), Embase, Science Direct, the Cochrane

Library and the Centre for Reviews and Disseminations of the University of York and

Google scholar. The full search strategy was first defined on Web of Science, and then adapted

to the other databases (S1 Table). Grey literature was retrieved through informal searches

on Google. In addition, references from the included studies were hand-searched for

completion.

After defining the search strategy, two reviewers independently performed title and abstract

screening, full-text analysis and data extraction. At each stage, discrepancies were resolved by

discussion with a third author. All records were imported in Endnote (ver. X6).

A standardized, pre-piloted form was used for data extraction including: study design; data

sources; definition of the target disease; perspective and setting of the analysis; target patient

groups and sample sizes. Cost data were extracted for the following items: ED and hospitaliza-

tions events; outpatient visits (with a distinction, if any, between GPs and specialists); prescrip-

tion drugs and OTC drugs. Evidence on inappropriate influenza-related use of direct

healthcare resources was also searched in the selected studies.

All costs were converted to 2015 PPP$ by using PPP conversion rates and GDP deflator

series provided by the World Bank [11]. Finally, the PRISMA checklist [12] was used to moni-

tor the reporting quality of the study (S1 Checklist)

Results

After removing duplicates, the literature search identified 5,104 records through database

searching, plus 7 other records from grey literature, hand searches of references, and informal

searches on Google. After abstract and title screening, 76 records were analyzed full-text and

27 studies were finally included in the review (Fig 1). The full extraction template is provided

as supporting material (S1 Dataset).

Fig 2 and Table 1 illustrate the main characteristics of the studies included in the analysis.

Of the included studies, 44% are based in the US, 22% and 26% in Europe and Australia

respectively, and 8% in Asia. Retrospective analyses are predominant (66%) with most studies

relying on administrative data. Societal perspective was adopted in 12 studies. The other stud-

ies took a health care system perspective (8 studies) or a hospital perspective (7 studies). Identi-

fication strategies of patients were mainly based on symptoms assessment, medical charts,

confirmatory laboratory tests, or used international classification diseases codes (ICD-9-CM

or ICD-10-CM code sets). Cases were mostly defined as influenza cases (59%), followed by ILI

(31%), and to a minor extent ARI and RSV cases (7% and 3% respectively). Most of the studies

focus on pediatric populations (52%), or the overall adult populations (41%), whereas elderly

people were targeted in only 7% of the papers. More than 60% of the studies includes sub-

groups analyses by age (48%), co-morbidities and complications (22%), risk of complications

(18%), and others (e.g. vaccinated vs. non-vaccinated patients) (15%).

Nine studies allow for a full estimate of the cost per ILI episode that include both inpatient

and outpatient cases. The average cost per episode ranges from US$19 in Korea [32] to US

$323 in Germany [39]. Particularly, the two studies that used laboratory tests to precisely iden-

tify influenza cases report a cost per episode of US$73 [26] and US$64 respectively [35]

(Table 2).
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On average, inpatient and outpatient services accounted for 43.5% (range 23–68%) and

44.5% (range 14–72%) of the total cost per episode, whereas incidence of drug costs was

between 0.6% [36] and 19.7% [16] (Table 3).

The hospitalization costs over the total number of ILI cases (outpatient and inpatient cases)

range between US$9 in Korea [32] and US$181 in the US [30], with differences partly explained

by differential unit costs per hospitalization events and hospitalization rates. However, figures

may also reflect differences in the estimation method (e.g. top down or bottom up approaches),

the type of healthcare resources included and the monetary values attached to them.

As expected outpatient services considerably affect the overall cost per ILI episode, with

most studies reporting a cost between US$1 and US$36. One notable exception is the work by

Haas et al that estimated a total cost for outpatient visits of 259 million € over 1,2 millions of

ILI cases (US$ 235 per episode) [39].

Evidence of impact of ED costs per ILI episode is less available since most of the studies

reporting ED costs tend to adopt a narrower hospital perspective, whereas other studies with a

wider perspective either disregarded ED costs or included them within inpatient services.

However, the incidence on total cost per episode as reported in two studies was limited and

about 1.5% [16,35].

Fig 1. Study flow diagram.

https://doi.org/10.1371/journal.pone.0202787.g001
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Prescription and OTC drug costs were analysed in 12 and 13 studies respectively. The mean

prescription drug cost per episode ranges from US$1 in UK [36], Norway [25], and Korea

[32], to US$ 60 in the US [14], whereas in Europe, the maximum identified cost per episode

was found in Germany (US$16) [38]. The expected OTC expenditure per episode ranges

between US$2 in Italy [26] and US$13 in Australia and Germany [16,37], and their impact var-

ied between 2.8% and 18.6% of total health care costs and between 13.2% and 88.9% of total

drug costs. However, differences in OTC consumption is likely to be even more sensitive to

estimation methods and data availability. Since OTC drugs are paid out-of-pocket, usage and

overall costs have been either estimated through medical charts and patient diaries, or assumed

by the authors. Antipyretics and antibiotics are the most-frequently reported drugs, integrated

in a few studies by antiviral, analgesics, antitussives and nose spray drugs.

Thirteen studies stratify the population according to its age-structure. However, only few of

these report estimates of the cost per episode. While children usually register higher costs, evi-

dence for the elderly (> 65 years) is less conclusive, and heterogeneous across studies. In a US

retrospective analysis using administrative data, treating elderly people was 35% more costly

than the overall population [13], whereas a prospective study, using French surveillance data

Fig 2. Descriptive characteristics of the studies.

https://doi.org/10.1371/journal.pone.0202787.g002
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Table 1. Descriptive characteristics of the studies.

Authors (year) Country Study type Data sources Disease (identification method) Setting Target

population

Cox et al. (2000) [13] USA Retrospective Administrative data Influenza (ICD-9-CM) Inpatient + ED Overall

population

Carrol et al. (2001) [14] USA Retrospective Medical chart ILI (symptoms based) Inpatient + ED Elderly

McBean et al. (2004)

[15]

USA Modeling Administrative data,

surveillance Network

Influenza and Pneumonia (ICD-

9-CM)

Inpatient Elderly

O’Grady et al. (2004)

[16]

AUS Prospective Administrative data, diary ILI (symptoms based) Inpatient + ED

+Outpatient

Children

Hall et al. (2005) [17] USA Retrospective Administrative data Influenza (ICD-9-CM) Inpatient Children

Ampofo et al. (2006)

[18]

USA Retrospective Administrative data Influenza (lab test) Inpatient Children

Keren et al. (2007) [19] USA Retrospective Administrative data Influenza (ICD-9-CM) Inpatient Children

Molinari et al. (2007)

[2]

USA Retrospective Administrative data Influenza and pneumonia (ICD-

9-CM)

Inpatient

+ Outpatient

Overall

population

Lambert et al. (2008)

[20]

AUS Retrospective Administrative data, diary ARI (laboratory test) Inpatient

+ Outpatient

Children

Newall et al. (2008)

[21]

AUS Retrospective

+ modeling

Administrative data Influenza, pneumonia and other

respiratory illnesses (ICD 10)

Inpatient

+ Outpatient

Overall

population

Hassan et al. (2009)

[22]

USA Retrospective +

Modeling

Administrative data Influenza (ICD-9-CM) Inpatient Children

Lester-Smith et al.

(2009) [23]

AUS Retrospective Medical chart Influenza (laboratory test) Inpatient Children

Fairbrother et al. (2010)

[24]

USA Retrospective Surveillance Network ARI (laboratory test) Inpatient + ED Children

Xue et al. (2010) [25] NOR Modeling Administrative data,

surveillance network

ILI (symptoms based) Inpatient

+ Outpatient

Overall

population

Esposito et al. (2011)

[26]

ITA Prospective Administrative data, survey ILI (medical chart and lab test) Inpatient

+ Outpatient

Children

Ranmuthugala et al.

(2011) [27]

AUS Modeling Administrative data,

surveillance Network

RSV (laboratory test) Inpatient Children

Chiu et al. (2012) [28] HKG Prospective Administrative data,

medical chart

Influenza (laboratory test) Inpatient Children

Ortega-Sanchez et al.

(2012) [29]

USA Retrospective. Administrative data, survey,

medical chart

Influenza (laboratory test) Inpatient + ED

+ Outpatient

Children

Karve et al. (2013) [30] USA Retrospective. Administrative data Influenza (ICD-9-CM) Inpatient + ED

+ Outpatient

Overall

population

Karve et al. (2013) [31] USA Retrospective. Administrative data Influenza (ICD-9-CM) Inpatient + ED

+ Outpatient

Overall

population

Suh et al. (2013) [32] KOR Retrospective. Administrative data Influenza (ICD-10-CM) Inpatient

+ Outpatient

Overall

population

Yin et al. (2013) [33] AUS Prospective. Survey ILI (laboratory test) ED + Outpatient Children

Enserink et al. (2014)

[34]

NDL Retrospective. Survey ILI (symptoms based) Inpatient

+ Outpatient

Children

Silva et al. (2014) [35] FRA Prospective. Surveillance Network Influenza (laboratory test) Inpatient + ED

+ Outpatient

Overall

population

Pockett et al. (2015)

[36]

GBR Retrospective. Medical chart ILI (clinical chart) Inpatient

+ Outpatient

Adult

Ehlken et al. (2015)

[37]

DEU Retrospective. Medical chart Influenza or ILI (ICD-10-CM) Inpatient

+ Outpatient

Overall

population

Haas et al. (2016) [38] DEU Retrospective. Administrative data Influenza or ILI (ICD-10-CM) Inpatient

+ Outpatient

Overall

population

https://doi.org/10.1371/journal.pone.0202787.t001
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for 460 patients, reports no hospitalisations for people over 65 years, and an average cost per

episode that is 20% less than the overall population [35].

Although based on a more limited number of studies, costs by patient risk-status are as

expected: high-risk individuals require higher costs than low-risk ones, with inpatient services

being the main cost driver. Only one study, using US administrative data, found lower costs

for high-risk patients, although the difference was not statistically significant [29].

One study was found to provide full analysis of costs stratified by vaccination status [36].

According to this retrospective study using UK medical charts, vaccinated patients with com-

plications experienced costs 4 to 5 times higher than unvaccinated and uncomplicated

patients. This difference was justified by the circumstance that the vaccinated population

includes older and riskier patients than the unvaccinated one.

Finally, co-morbidities and complications have an important impact on costs: a retrospec-

tive analysis on the costs of Influenza in US which relied on an administrative database of

more than 50 thousands patients reports that on average complicated influenza is 2.5 times

costlier than non-complicated influenza [30]. The difference is even higher in another study

focused on ILI [36].

No studies were found that made explicit considerations on the appropriateness of pharma-

ceutical treatment for ILI episodes.

Discussion and conclusions

Influenza and ILI impose a substantial burden on the health care sector and the society. The

literature on the costs of this disease is substantial and focuses on the relevance of indirect and

direct costs of the disease.

The present review has updated current knowledge by providing a picture of the overall

cost per episode of ILI, the weight of each cost component, and the cost variability across

patients’ sub-groups.

Cost estimates are different across countries, with an average cost per episode ranging

between US$19 in Korea [32] to US$323 in Germany [39]. These differences may reflect

Table 3. Impact of cost items on total costs per episode (%).

Author (year) Country Inpatient ED Outpatient Prescription

drugs

Over-the

counter

Total

Drugs

Total

O’Grady et al.

(2004) [16]

AUS 60.0% 1.4% 14.3% 5.7% 18.6% 24.3% 100%

Xue et al. (2010)

[25]

NOR 63.2% 21.1% 1.8% 14.0% 15.8% 100%

Esposito et al.

(2011) [26]

ITA 36.6% 54.9% 5.6% 2.8% 8.5% 100%

Suh et al. (2013)

[32]

KOR 47.4% 47.4% 5.3% 5.3% 100%

Enserink et al.

(2014) [34]

NDL 33.3% 52.1% 14.6% 14.6% 100%

Silva et al. (2014)

[35]

FRA 34.4% 1.6% 53.1% 10.9% 10.9% 100%

Ehlken et al.

(2015) [37]

DEU 25.8% 54.5% 19.7% 19.7% 100%

Pockett et al.

(2015) [36]

GBR 68.1% 31.3% 0.6% 0.6% 100%

Haas et al. (2016)

[38]

DEU 23% 72.1% 2.1% 2.8% 4.9% 100%

https://doi.org/10.1371/journal.pone.0202787.t003
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country specific characteristics as well as other study-specific features including study design,

the identification strategy of ILI cases, different study populations and types of costs included

in the analysis.

Inpatient admissions absorb a considerable amount of healthcare resources. Therefore,

potentially relevant sources of variation may be explained by different hospitalization rates,

and the unit cost associated with each hospitalization event. The lowest cost per hospitalisation

was reported in Korea (US$473) [32]; however, this cost is not fully comparable with other

countries as the estimate includes only consultation, diagnostics and medication costs. In

other countries, variations in hospitalization costs are still wide and range between US$ 1,419

in Hong Kong [40] and over US$ 7,000 in most US studies. In addition, in studies focusing on

the overall ILI population, hospitalization rates varied in a range between near zero and 6%,

that again may be attributed to within-study differences in the ILI population and other coun-

try-specific features.

The incidence of outpatient services on the cost per episode was similar to that of inpatient

services, and equal to 44.5% on average (range 14–72%). Differences in costs of outpatient ser-

vices reflect the observed variation in the number of outpatient visits per ILI episode. For

example, Molinari et al estimated the probability of having an outpatient visit after a flu infec-

tion in the US to be in a range between 0.45 and 0.62 for low risk individuals, and 0.62 and

0.91 for high-risk individuals [2]. Conversely, Haas et al found an average number of outpa-

tient visits in Germany equal to 6.6 visits per ILI episode [39], which ultimately affected the

absolute and relative cost for outpatient services.

In addition, alternatively to virological confirmation via laboratory tests, many of the

included studies identify influenza-like episodes using classification codes from medical claims

(e.g. ICD-9-CM or ICD-10-CM), or a set of predefined symptoms and syndromes. These dif-

ferences in the identification strategy may be a further source of variation in the estimated

total and relative costs of care. For example, retrospective identification of ILI through admin-

istrative databases and ICD codes may include different patients populations compared to lab-

oratory confirmed influenza cases (e.g. patients with bacterial pneumonia), that will ultimately

affect resource consumption and costs. In addition, these different identification strategies

reflect the fact that influenza cases are often not virologically confirmed in clinical practice.

This aspect hamper any attempt to formulate considerations about the appropriateness of dis-

ease management strategies, especially regarding drug prescription.

None of the included studies has considered appropriateness in resource use (e.g. abuse of

antibiotics). Despite cost of illness studies have ultimately a descriptive role, evidence on (in)

appropriateness may be very useful for policy-makers. Indeed, there is a general belief that

antibiotics are overprescribed in primary care. However, judgments on appropriateness of pre-

scription are not easy and depend on clinical characteristics (e.g. presence of likely bacterial

pathogens associated with influenza) [41]. A recent study estimated that antibiotic prescribing

for ILI cases in UK ranges between 18% and 28% of total infections depending on the presence

of comorbidities [42]. Similar proportions (25%) were found among subjects aged 0–65 at five

military hospitals in the US [43]. Another UK study reported that, based on primary care pre-

scribing guidelines, most antibiotics are prescribed for conditions that only sometimes require

antibiotic treatment [44]. Among the included studies, the study by Silva et al [35] is the only

one that provides details on drugs expenditures (antibiotics, antivirals and other drugs) in

patients with confirmed Influenza B. The study reports that 46% of patients were prescribed

antibiotics on average, while just 24% were given an antiviral.

While there is a paucity of studies specifically addressing inappropriate prescribing for ILI

infections, inappropriateness may be inferred by the lower proportions of prescriptions that

are generally registered when influenza virus rapid antigen tests are used [45,46].
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Another disregarded topic is the role played by symptomatic medication (mainly OTC

drugs): recent analyses from the grey literature stressed the importance of OTC drugs on

healthcare expenditure, showing the potential economic burden for the US health care system,

should OTC drugs not be available [47].

The present study has some limitations. First, we have not performed a quality assessment

of the studies. Although envisaged in the PRISMA guidelines, it was considered that these

types of costing studies, without a specific intervention, did not require a thorough assessment

of the risk of bias. In addition, when not directly reported, data on the cost-per episode was

calculated from other reported figures. Lastly the included papers were very different in terms

of target population, definition of the disease, methods, data sources and outcomes, hampering

the possibility of doing meaningful comparisons among them.

Despite these limitations, the paper provides an updated and complete analysis of the avail-

able evidence on Influenza and ILI health care costs.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOC)

S1 Table. Search strategy used for medline (via Web of Science).

(DOCX)

S1 Dataset. Full data from the included papers.

(XLSX)

Author Contributions

Conceptualization: Carlo Federici, Marianna Cavazza, Claudio Jommi.

Data curation: Carlo Federici, Marianna Cavazza, Francesco Costa, Claudio Jommi.

Formal analysis: Carlo Federici, Marianna Cavazza, Francesco Costa.

Funding acquisition: Claudio Jommi.

Investigation: Carlo Federici, Marianna Cavazza, Francesco Costa.

Methodology: Carlo Federici, Claudio Jommi.

Project administration: Carlo Federici, Claudio Jommi.

Supervision: Carlo Federici, Claudio Jommi.

Validation: Carlo Federici, Claudio Jommi.

Visualization: Carlo Federici, Marianna Cavazza, Francesco Costa.

Writing – original draft: Carlo Federici, Marianna Cavazza, Francesco Costa, Claudio

Jommi.

Writing – review & editing: Carlo Federici, Marianna Cavazza, Claudio Jommi.

References
1. WHO | Influenza (Seasonal) [Internet]. [cited 16 Dec 2016]. Available: http://www.who.int/mediacentre/

factsheets/fs211/en/

2. Molinari N- AM, Ortega-Sanchez IR, Messonnier ML, Thompson WW, Wortley PM, Weintraub E, et al.

The annual impact of seasonal influenza in the US: measuring disease burden and costs. Vaccine.

2007; 25: 5086–5096. https://doi.org/10.1016/j.vaccine.2007.03.046 PMID: 17544181

Health care costs of influenza

PLOS ONE | https://doi.org/10.1371/journal.pone.0202787 September 7, 2018 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202787.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202787.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202787.s003
http://www.who.int/mediacentre/factsheets/fs211/en/
http://www.who.int/mediacentre/factsheets/fs211/en/
https://doi.org/10.1016/j.vaccine.2007.03.046
http://www.ncbi.nlm.nih.gov/pubmed/17544181
https://doi.org/10.1371/journal.pone.0202787


3. Lai PL, Panatto D, Ansaldi F, Canepa P, Amicizia D, Patria AG, et al. Burden of the 1999–2008 sea-

sonal influenza epidemics in Italy: comparison with the H1N1v (A/California/07/09) pandemic. Hum

Vaccin. 2011; 7 Suppl: 217–225. Available: http://www.ncbi.nlm.nih.gov/pubmed/21922688

4. Klepser DG, Corn CE, Schmidt M, Dering-Anderson AM, Klepser ME. Health Care Resource Utilization

and Costs for Influenza-like Illness Among Midwestern Health Plan Members. J Manag Care Spec

Pharm. 2015; 21: 568–573. https://doi.org/10.18553/jmcp.2015.21.7.568 PMID: 26108381

5. Havers F, Thaker S, Clippard JR, Jackson M, McLean HQ, Gaglani M, et al. Use of influenza antiviral

agents by ambulatory care clinicians during the 2012–2013 influenza season. Clin Infect Dis An Off

Publ Infect Dis Soc Am. 2014; 59: 774–782. https://doi.org/10.1093/cid/ciu422 PMID: 25034419

6. Dao MD, Bui HT, Vo TQ. A literature review on influenza treatment costing studies. Int Res J Pharm.

2016; 7: 1–9. Available: http://www.embase.com/search/results?subaction=viewrecord&from=

export&id=L612815691

7. de Francisco Shapovalova N, Donadel M, Jit M, Hutubessy R. A systematic review of the social and

economic burden of influenza in low- and middle-income countries. Vaccine. 2015; 33: 6537–6544.

https://doi.org/10.1016/j.vaccine.2015.10.066 PMID: 26597032

8. Peasah SK, Azziz-Baumgartner E, Breese J, Meltzer MI, Widdowson M-A. Influenza cost and cost-

effectiveness studies globally–A review. Vaccine. 2013; 31: 5339–5348. https://doi.org/10.1016/j.

vaccine.2013.09.013 PMID: 24055351

9. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015; 4: 1.

https://doi.org/10.1186/2046-4053-4-1 PMID: 25554246

10. High income | Data [Internet]. [cited 16 Dec 2016]. Available: http://data.worldbank.org/income-level/

high-income

11. World Development Indicators| World DataBank [Internet]. [cited 16 Dec 2016]. Available: http://

databank.worldbank.org/data/reports.aspx?source=2&series=PA.NUS.PPP&country=

12. Moher D, Liberati A, Tetzlaff J, Altman D. The PRISMA Group. Preferred Reporting Items for System-

atic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med. 2009; 6: e1000097. https://doi.

org/10.1371/journal.pmed.1000097 Published PMID: 19621072

13. Cox F, Khan ZM, Schweinle JE, Okamoto L, McLaughlin T. Cost associated with the treatment of influ-

enza in a managed care setting. MedGenMed Medscape Gen Med. 2000; 2: E34–E34. Available: http://

europepmc.org/abstract/med/11104480

14. Carroll N V., Delafuente JC, McClure KL, Weakley DF, Khan ZM, Cox FM. Economic burden of influ-

enza-like illness in long-term-care facilities. Am J Heal Pharm AJHP Off J Am Soc Heal Pharm. 2001;

58: 1133–1138. Available: http://www.ncbi.nlm.nih.gov/pubmed/11449857

15. McBean AM, Hebert PL. New estimates of influenza-related pneumonia and influenza hospitalizations

among the elderly. Int J Infect Dis. 2004; 8: 227–235. Available: http://www.sciencedirect.com/science/

article/pii/S1201971204000542 https://doi.org/10.1016/j.ijid.2004.04.013 PMID: 15234327

16. Lambert S, O’Grady K, Gabriel S, Carter R, Nolan T. The cost of seasonal respiratory illnesses in Aus-

tralian children: the dominance of patient and family costs and implications for vaccine use. Commun

Dis Intell Q Rep. 2004; 28: 509. Available: https://search.informit.com.au/documentSummary;dn=

508463187497916;res=IELHEA

17. Hall JL, Katz BZ. Cost of influenza hospitalization at a tertiary care children’s hospital and its impact on

the cost-benefit analysis of the recommendation for universal influenza immunization in children age 6

to 23 months. J Pediatr. 2005; 147: 807–811. Available: http://www.sciencedirect.com/science/article/

pii/S002234760500586X https://doi.org/10.1016/j.jpeds.2005.06.031 PMID: 16356436

18. Ampofo K, Gesteland PH, Bender J, Mills M, Daly J, Samore M, et al. Epidemiology, complications, and

cost of hospitalization in children with laboratory-confirmed influenza infection. Pediatrics. 2006; 118:

2409–2417. Available: http://pediatrics.aappublications.org/content/118/6/2409.short https://doi.org/10.

1542/peds.2006-1475 PMID: 17142526

19. Keren R, Zaoutis TE, Saddlemire S, Luan XQ, Coffin SE. Erratum: Direct medical cost of influenza-

related hospitalizations in children (Pediatrics (2006) 118, (e1321-e1327) DOI: https://doi.org/10.1542/

peds.2006-0598). Pediatrics. 2007; 119: 227. Available: http://www.embase.com/search/results?

subaction=viewrecord&from=export&id=L46397881

20. Lambert SB, Allen KM, Carter RC, Nolan TM. The cost of community-managed viral respiratory ill-

nesses in a cohort of healthy preschool-aged children. Respir Res. 2008; 9. https://doi.org/10.1186/

1465-9921-9-11 PMID: 18215329

21. Newall AT, Scuffham PA. Influenza-related disease: the cost to the Australian healthcare system. Vac-

cine. 2008; 26: 6818–6823. Available: http://www.sciencedirect.com/science/article/pii/

S0264410X08013625 https://doi.org/10.1016/j.vaccine.2008.09.086 PMID: 18940222

Health care costs of influenza

PLOS ONE | https://doi.org/10.1371/journal.pone.0202787 September 7, 2018 13 / 15

http://www.ncbi.nlm.nih.gov/pubmed/21922688
https://doi.org/10.18553/jmcp.2015.21.7.568
http://www.ncbi.nlm.nih.gov/pubmed/26108381
https://doi.org/10.1093/cid/ciu422
http://www.ncbi.nlm.nih.gov/pubmed/25034419
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L612815691
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L612815691
https://doi.org/10.1016/j.vaccine.2015.10.066
http://www.ncbi.nlm.nih.gov/pubmed/26597032
https://doi.org/10.1016/j.vaccine.2013.09.013
https://doi.org/10.1016/j.vaccine.2013.09.013
http://www.ncbi.nlm.nih.gov/pubmed/24055351
https://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://data.worldbank.org/income-level/high-income
http://data.worldbank.org/income-level/high-income
http://databank.worldbank.org/data/reports.aspx?source=2&series=PA.NUS.PPP&country=
http://databank.worldbank.org/data/reports.aspx?source=2&series=PA.NUS.PPP&country=
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://europepmc.org/abstract/med/11104480
http://europepmc.org/abstract/med/11104480
http://www.ncbi.nlm.nih.gov/pubmed/11449857
http://www.sciencedirect.com/science/article/pii/S1201971204000542
http://www.sciencedirect.com/science/article/pii/S1201971204000542
https://doi.org/10.1016/j.ijid.2004.04.013
http://www.ncbi.nlm.nih.gov/pubmed/15234327
https://search.informit.com.au/documentSummary;dn=508463187497916;res=IELHEA
https://search.informit.com.au/documentSummary;dn=508463187497916;res=IELHEA
http://www.sciencedirect.com/science/article/pii/S002234760500586X
http://www.sciencedirect.com/science/article/pii/S002234760500586X
https://doi.org/10.1016/j.jpeds.2005.06.031
http://www.ncbi.nlm.nih.gov/pubmed/16356436
http://pediatrics.aappublications.org/content/118/6/2409.short
https://doi.org/10.1542/peds.2006-1475
https://doi.org/10.1542/peds.2006-1475
http://www.ncbi.nlm.nih.gov/pubmed/17142526
https://doi.org/10.1542/peds.2006-0598
https://doi.org/10.1542/peds.2006-0598
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L46397881
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L46397881
https://doi.org/10.1186/1465-9921-9-11
https://doi.org/10.1186/1465-9921-9-11
http://www.ncbi.nlm.nih.gov/pubmed/18215329
http://www.sciencedirect.com/science/article/pii/S0264410X08013625
http://www.sciencedirect.com/science/article/pii/S0264410X08013625
https://doi.org/10.1016/j.vaccine.2008.09.086
http://www.ncbi.nlm.nih.gov/pubmed/18940222
https://doi.org/10.1371/journal.pone.0202787


22. Hassan F, Lewis TC, Davis MM, Gebremariam A, Dombkowski K. Hospital utilization and costs among

children with influenza, 2003. Am J Prev Med. 2009; 36: 292–296. Available: http://www.sciencedirect.

com/science/article/pii/S0749379709000105 https://doi.org/10.1016/j.amepre.2008.11.016 PMID:

19201147

23. Lester-Smith D, Zurynski YA, Booy R, Festa MS, Kesson AM, Elliott EJ, et al. The burden of childhood

influenza in a tertiary paediatric setting. Commun Dis Intell Q Rep. 2009; 33: 209. Available: https://

search.informit.com.au/documentSummary;dn=076993993253758;res=IELHEA PMID: 19877540

24. Fairbrother G, Cassedy A, Ortega-Sanchez IR, Szilagyi PG, Edwards KM, Molinari N- A, et al. High

costs of influenza: Direct medical costs of influenza disease in young children. Vaccine. 2010; 28:

4913–4919. https://doi.org/10.1016/j.vaccine.2010.05.036 PMID: 20576536

25. Xue Y, Kristiansen IS, de Blasio BF. Modeling the cost of influenza: the impact of missing costs of unre-

ported complications and sick leave. BMC Public Health. 2010;10. https://doi.org/10.1186/1471-2458-

10-724 PMID: 21106057

26. Esposito S, Cantarutti L, Molteni CG, Daleno C, Scala A, Tagliabue C, et al. Clinical manifestations and

socio-economic impact of influenza among healthy children in the community. J Infect. 2011; 62: 379–

387. https://doi.org/10.1016/j.jinf.2011.02.015 PMID: 21414357

27. Ranmuthugala G, Brown L, Lidbury BA. Respiratory syncytial virus-the unrecognised cause of health

and economic burden among young children in Australia. Commun Dis Intell Q Rep. 2011; 35: 177.

Available: https://search.informit.com.au/documentSummary;dn=761413032453310;res=IELAPA

PMID: 22010512

28. Chiu SS, Chan K-H, So LY, Chen R, Chan ELY, Peiris JSM. The population based socioeconomic bur-

den of pediatric influenza-associated hospitalization in Hong Kong. Vaccine. 2012; 30: 1895–1900.

https://doi.org/10.1016/j.vaccine.2011.12.027 PMID: 22222872

29. Ortega-Sanchez IR, Molinari N- AM, Fairbrother G, Szilagyi PG, Edwards KM, Griffin MR, et al. Indirect,

out-of-pocket and medical costs from influenza-related illness in young children. Vaccine. 2012; 30:

4175–4181. https://doi.org/10.1016/j.vaccine.2012.04.057 PMID: 22546332

30. Karve S, Misurski D, Herrera-Taracena G, Davis KL. Annual All-Cause Healthcare Costs Among Influ-

enza Patients With and Without Influenza-Related Complications: Analysis of a United States Managed

Care Database. Appl Health Econ Health Policy. 2013; 11: 119–128. https://doi.org/10.1007/s40258-

013-0020-6 PMID: 23529713

31. Karve S, Misurski DA, Meier G, Davis KL. Employer-incurred health care costs and productivity losses

associated with influenza. Hum Vaccines Immunother. 2013; 9: 841–857. Available: http://www.

embase.com/search/results?subaction=viewrecord&from=export&id=L368857465

32. Suh M, Kang DR, Lee DH, Choi YJ, Tchoe B, Nam CM, et al. Socioeconomic Burden of Influenza in the

Republic of Korea, 2007–2010. Drews SJ, editor. PLoS One. 2013; 8: e84121. https://doi.org/10.1371/

journal.pone.0084121 PMID: 24386339

33. Yin JK, Salkeld G, Lambert SB, Dierig A, Heron L, Leask J, et al. Estimates and determinants of eco-

nomic impacts from influenza-like illnesses caused by respiratory viruses in Australian children attend-

ing childcare: a cohort study. Influenza Other Respi Viruses. 2013; 7: 1103–1112. https://doi.org/10.

1111/irv.12138 PMID: 23829670

34. Enserink R, Lugnér A, Suijkerbuijk A, Bruijning-Verhagen P, Smit HA, van Pelt W. Gastrointestinal and

Respiratory Illness in Children That Do and Do Not Attend Child Day Care Centers: A Cost-of-Illness

Study. Gantt S, editor. PLoS One. 2014; 9: e104940. https://doi.org/10.1371/journal.pone.0104940

PMID: 25141226
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