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s u m m a r y 

Background and objectives: Although acute respiratory illness (ARI) is a leading cause of hospitalization 

among young children, few data are available about cost of hospitalization in middle-income countries. 

We estimated direct and indirect costs associated with severe ARI resulting in hospitalization among 

children aged < 10 years in El Salvador and Panama through the societal perspective. 

Methods: During 2012 and 2013, we surveyed caregivers of children hospitalized with ARI about their di- 

rect medical (i.e., outpatient consultation, medications, hospital fees), non-medical (transportation, child- 

care), and indirect costs (lost wages) at discharge and 7 days after discharge. We multiplied subsidized 

hospital bed costs derived from administrative data by hospitalization days to estimate provider costs. 

Results: Overall, 638 children were enrolled with a median age of 12 months (IQR 6–23). Their median 

length of hospitalization was 4 days (IQR 3–6). In El Salvador, caregivers incurred a median of US$38 (IQR 

22–72) in direct and indirect costs per illness episode, while the median government-paid hospitalization 

cost was US$118 (IQR 59–384) generating an overall societal cost of US$219 (IQR 101–416) per severe ARI 

episode. In Panama, caregivers incurred a median of US$75 (IQR 39–135) in direct and indirect costs, and 

the health-care system paid US$280 (IQR 150–420) per hospitalization producing an overall societal cost 

of US$393 (IQR 258–552). 

Conclusions: The cost of severe ARI to caregivers and the health care system was substantive. Our es- 

timates will inform models to estimate national costs of severe ARI and cost-benefit of prevention and 

treatment strategies. 

© 2019 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Introduction 

Acute respiratory illnesses (ARI) are a leading cause of hospi-

talization and death among children aged < 5 years worldwide. 1 , 2 
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uring the past two decades, improved respiratory illness surveil-

ance has led to a better understanding of the incidence of out-

atient visits and hospitalizations for respiratory illness in many

ettings. Consequently, an increasing number of countries, includ-

ng middle-income countries, have immunization programs and

ational treatment guidelines for respiratory infection. 3 However,

ata on the economic burden of respiratory illness are limited from
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ost regions of the world and particularly from middle-income

ountries. 4 

In Latin America, respiratory illness results in a substantial bur-

en of hospitalization. During 2009–2012, approximately 313,500

nfluenza and pneumonia hospitalizations occurred annually in

osta Rica, El Salvador, Guatemala, Honduras, and Nicaragua, of

hich three quarters were among children aged less than 5 years. 5 

o prevent this disease burden, 40 out of 45 countries and ter-

itories in the Americas now recommend influenza vaccine for

elected target groups, including children aged 6–59 months. 6 

n addition, some countries also recommend other respiratory

iral prevention and treatment strategies for selected popula-

ions, including influenza antiviral medications and palivizumab,

 monoclonal antibody used to prevent respiratory syncytial virus

RSV)-associated hospitalization. In El Salvador and Panama, the

overnments purchased 275,0 0 0 and 530,0 0 0 doses of influenza

accine for children in 2013 (personal communication, John

itzsimmons, Pan-American Health Organization). In addition, os-

ltamivir has been recommended for the treatment of patients

ospitalized with influenza since the 2009-influenza pandemic, 7,8 

nd tertiary care hospitals reported spending US$250,0 0 0–342,0 0 0

er hospital on palivizumab (personal communication, Hospital del

iño and Hospital Jose Domingo de Obaldía). 

While estimates are now available about the burden of ARI and

he effectiveness of some prevention and treatment strategies in

atin America, 9,10 the economic costs of ARI remain largely un-

nown which precludes assessments of the cost effectiveness of

xisting and emerging respiratory virus prevention and treatment

trategies. 4 To inform future analyses of the cost effectiveness of

RI interventions, we estimated the hospitalization costs from the

ocietal perspective of all-cause ARI and ARI associated with com-

on respiratory viral pathogens among children aged < 10 years

articipating in a clinical trial of empiric oseltamivir treatment in

l Salvador and Panama. 11 In addition, to inform future discus-

ions of the value of maternal RSV vaccination to protect young

nfants in both countries if an RSV vaccine is licensed for preg-

ant women, we also estimated costs of severe ARI resulting in

ospitalization specifically among children aged < 6 months with

aboratory-confirmed RSV. 

atients and methods 

etting 

This study was conducted in five tertiary care public sector hos-

itals: two in El Salvador (Hospital San Juan de Dios de Santa Ana

nd Hospital San Juan de Dios de San Miguel) and three in Panama

Hospital del Niño, Hospital de Especialidades Pediátricas, and Hos-

ital José Domingo de Obaldía). 

El Salvador has public and private health-care systems. The

wo main public health-care sector providers are the Ministry of

ealth, which covers 41% of the population, and the El Salvadorian

nstitute of Social Security, which covers 7% of the population; 9%

f health care is provided by the private sector and the remaining

3% remains uncovered by insurance. 12 Although medical care in

he public sector is provided free of charge, there are some cost-

haring mechanisms in place that rely on volunteer payments at

econdary and tertiary level hospitals through a program designed

o recover health care costs. 13 In 2014, government health-care ex-

enditures were 7% of the Gross Domestic Product (GDP); 66% of

ll healthcare expenditures were public sector expenditures, 29%

ere out-of-pocket expenditures, and 5% were other private sector

xpenditures. 14 

Panama also has public and private health-care systems. The

wo main providers in the public sector health-care sector are the
inistry of Health and Social Security System. The Ministry of

ealth is largely financed by the state, while the Social Security

ystem is financed by beneficiaries, employers, and the state. 15 The

inistry of Health and the Social Security System combined cover

0% of the population. Health-care is provided free of charge to

anamanians, with some cost-sharing mechanisms in place based

rimarily on the ability of the patient/family to pay. In 2014, gov-

rnment health-care expenditure was 6% of the GDP; 73% of all

ealthcare expenditures were public sector expenditures, 22% were

ut-of-pocket health expenditures, and 5% were other private sec-

or expenditures. 16 

tudy design and data collection 

We surveyed families of hospitalized children with severe

RI who were participating in a concurrent randomized placebo-

ontrolled trial of empiric oseltamivir, an influenza antiviral medi-

ation, to estimate direct and indirect costs associated with severe

RI using a WHO recommended approach. 17 The trial was con-

ucted during at two tertiary level hospitals in El Salvador and

hree tertiary level hospitals in Panama. Children were enrolled

uring September–October 2012 and April–October 2013 to coin-

ide with the typical influenza season in both countries. National

espiratory virus surveillance data for both countries for 2013

hen the large majority of children were enrolled indicate that

he period of enrollment also captured peaks in circulation of res-

iratory syncytial virus (RSV), parainfluenza viruses (PIV), human

etapneumovirus (hMPV), and adenoviruses; national surveillance

eports did not provide data on rhinovirus detection. 18 Trial meth-

ds have previously been described in detail. 11 

Children were enrolled if they were < 10 years of age and hos-

italized < 7 days after symptom onset with severe ARI defined as

ough or sore throat plus age-specific tachypnea, did not meet any

xclusion criterion applied in the original trial, and if their par-

nts/legal guardians granted informed consent. 

At enrollment, study physicians administered a questionnaire

esigned for this study to collect data about participant demo-

raphics, medical history, history of illness, and cost of any med-

cal consultations prior to hospitalization. Nasal and oropharyn-

eal swabs were also collected from each participant and tested by

ingleplex real-time reverse transcription polymerase chain reac-

ion at the Gorgas Memorial Institute for Health Sciences according

o US CDC protocols for respiratory syncytial virus (RSV), parain-

uenza viruses (PIV) 1–3, adenovirus, human metapneumoviruses

hMPV), rhinoviruses, and influenza viruses, including influenza

/H1N1pdm09, A/H3N2, and B. 19 

At discharge, study physicians administered a questionnaire to

he participants’ families to collect data about direct costs (i.e.,

ospital bed and outpatient visit fees, medications, diagnostic pro-

edures, and transportation) and indirect costs (days of work lost

r wages lost because of disruption in normal work routine) as-

ociated with the illness episode. Seven to 9 days after hospital

ischarge, study physicians administered a second telephone ques-

ionnaire on additional direct or indirect costs incurred as a result

f the illness episode during the 7 days after discharge. 

Since none of the study hospitals recorded itemized cost data

y individual hospitalizations, we asked each hospital finance de-

artment to complete a standardized questionnaire about monthly

ersonnel, supply, and infrastructure costs incurred by the hospi-

al on wards where children with severe ARI were hospitalized for

tudy months during 2013. Hospitals provided data about monthly

ubsidized costs for personnel, supplies and infrastructure sepa-

ately for regular wards and intensive care units (ICU), number of

ospitalizations per month, and average length of hospitalization

er month. Cost data provided varied by hospital. 
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Cost analysis 

Children with laboratory-confirmed influenza who were ran-

domized to receive oseltamivir in the clinical trial were excluded

because we assumed that this treatment might impact hospital-

ization costs. We assumed that study-provided empiric oseltamivir

treatment of children without laboratory-confirmed influenza did

not impact hospitalization costs because a prior analysis of data

from this trial demonstrated no difference in adverse events be-

tween oseltamivir and placebo recipients. 11 Cost per illness was es-

timated from the societal perspective: our analyses included costs

to both households and to the health-care system. Costs to house-

holds were grouped into three categories: direct medical costs

(i.e., out-of-pocket expenses for medications, hospital, and out-

patient consultation fees), direct non-medical costs (i.e., out-of-

pocket expenses for transportation, childcare cost and other related

expenses such as food and diapers), and indirect costs (i.e., self-

reported income lost because of missed work and school days). For

each category, we estimated the total cost per case as the sum

of the itemized costs. When caregivers reported having made a

payment but could not recall the amount paid, we imputed the

average cost paid for the same item by other caregivers in the

same site. All costs were estimated in 2013 USD in El Salvador

and 2013 Balboas in Panama (1 Balboa = 1 USD). Since most inpa-

tient participants were enrolled in 2013, we adjusted all cost es-

timates from 2012 to 2013 values using an annual inflation rate

of 3%. 

We estimated hospitalization costs to the health-care system

for each study participant by multiplying the length of the hos-

pital stay in days by the estimated unit cost per hospital bed-

day. For children admitted to the ICU, costs were calculated sep-

arately for days spent in the ICU versus the regular ward and then

summed to calculate total cost of hospital stay. Unit costs per hos-

pital bed-day accrued by the health-care system and not billed to

patients were estimated using administrative data collected from

study hospitals. Average cost per hospital bed-day was calculated

by adding monthly reported costs in personnel, supplies and in-

frastructure and then dividing the total by the product of the to-

tal number of admissions and the average length of hospital stay

per ward and month provided by each hospital; calculations were

done separately for the general ward and ICU. The estimated cost

per ICU bed day at one hospital in Panama was an outlier (more

than five-fold higher than costs at the other two hospitals), so we

substituted the cost per ICU bed day from the closest other study

hospital for this hospital. 

Total financial costs per severe ARI episode from the societal

perspective were estimated by summing the costs accrued by care-

givers and the health-care system. Since data were not collected

on the setting of reported outpatient visits, WHO-CHOICE esti-

mates of outpatient visit costs could not be used. Therefore, costs

of outpatient consultations paid by the health-care system were

not included. All costs were stratified by country and by whether

children were admitted only to the general ward or admitted to

the ICU for at least part of the hospitalization. We also calculated

overall costs for all inpatient participants as the average of hospi-

tal bed costs for participants with and without ICU admission in

each country weighted for the proportion of hospitalizations that

included ICU admissions. For each category of cost, we calculated

means, medians and inter-quartile ranges (IQR). 

To evaluate whether the costs of hospitalization varied by the

etiology of the respiratory illness, costs were stratified by type of

virus; participants with co-detection of more than one virus type

were included in the overall cost analysis but excluded from the

analysis by virus type. We conducted a separate cost analysis using

the same methods for children aged < 6 months hospitalized with

RSV illness. 
c  
We compared total household costs to the average monthly

ousehold income in each country (US$556 in El Salvador and

S$1278 in Panama) and compared total costs from the societal

erspective to the 2013 World Bank average health expenditure per

apita in El Salvador (US$277) and Panama (US$906). 20 

thics statement 

The study protocol No. 062-03-2012 was reviewed and ap-

roved by the national ethical review committee of El Salvador

nd the Gorgas Memorial Institute for Health Studies in Panama.

he Centers for Disease Control and Prevention and The Universi-

ad del Valle de Guatemala relied upon the review of the ethical

ommittees in El Salvador and Panama. 

esults 

espondent characteristics 

Of 688 children hospitalized with ARI and enrolled in the clini-

al trial, 19 (3%) were excluded from this analysis because they had

aboratory-confirmed influenza and were treated with oseltamivir.

f the remaining 669 children, 638 (95%) had caregivers that com-

leted both the discharge and post discharge surveys (367 in El

alvador and 271 in Panama) and were included in the analysis.

or both the discharge and post-discharge cost surveys, the mother

as the respondent in most cases (91% and 85%, respectively). 

articipant characteristics 

Of the 638 participants, 331 (52%) were infants aged < 1 year,

81 (44%) were 1–4 years of age, and 26 (4%) were 5–9 years

f age; 382 (60%) were male and 536 (84%) were of mixed race

 Table 1 ). Twenty-one percent of children had at least one under-

ying medical condition. Of the 638 participants, 166 (26%) were

accinated against influenza, of whom 134 (81%) had influenza

accination status verified by inspecting their vaccine cards. In

l Salvador, 41% (141/340) of participants who provided monthly

ousehold income information, reported an income ≤$ 350 USD

average national monthly household income in 2013 = US$556). 21 

n Panama, 53% (127/241) of participants with reported household

ncomes had an income ≤$ 500 USD (average provincial monthly

ousehold income in 2013 for Chiriquí Province = US$861). The

ost commonly detected respiratory viruses among participants

ere RSV (50%), followed by rhinovirus (22%), human metapneu-

ovirus (6%), and parainfluenza viruses 1–3 (6%) ( Table 1 ). 

esource utilization 

Of the 638 participants, 511 (80%) had at least one outpatient

onsultation associated with their illness episode either prior to

ospitalization or during the 7 days after hospitalization (86% in El

alvador and 72% in Panama) ( Table 2 ). Fourteen (2%) participants

equired ICU admission. The median length of hospitalization was

 days (interquartile range, IQR, 3–6) among children without an

CU admission and 16 days (IQR 13–22) among children admitted

o the ICU for at least part of their hospitalization, with a median

f 5 days (IQR 4–8) spent in the ICU ( Table 2 ). 

ost to households 

Overall, 368 (58%) participants’ caregivers paid for medications

nd 245 (39%) paid outpatient consultation fees for visits before or

fter hospitalization. Almost all caregivers (94%) paid transporta-

ion costs and 81% paid for other expenses such as diapers, phones

alls, or lodging. Only 9% paid childcare costs. Overall, 40% reported
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Table 1 

Characteristics of children aged < 10 years with severe acute respiratory illness requiring hospitalization at five hospitals, El 

Salvador and Panama, 2012–2013, N = 638. 

El Salvador n = 367 n (%) Panama n = 271 n (%) Total N = 638 n (%) 

Age 

0–11 months 202 (55) 129 (47.6) 331 (52) 

1–4 years 154 (42) 127 (46.9) 281 (44) 

5–9 years 11 (3) 15 (6) 26 (4) 

Sex 

Male 211 (58) 171 (63) 382 (60) 

Ethnicity 

African 0 (0) 16 (6) 16 (3) 

White 0 (0) 8 (3) 8 (1) 

Indoamerican 0 (0) 75 (28) 75 (12) 

Mixed 367 (100) 169 (62) 536 (84) 

Other ‡ 0 (0) 3 (1) 3 (1) 

Underlying medical condition ( ≥ 1) 45 (12) 91 (34) 136 (21) 

Reported influenza vaccination 80 (22) 86 (32) 166 (26) 

Monthly income per household (2013 only) ∫ 

≤175 USD 67/340 (20) 22/241 (9) - 

176–350 USD 74/340 (22) 53/241 (22) - 

351–500 USD 38/340 (11) 52/241 (22) - 

≥501 USD 80/340 (24) 82/241 (34) - 

Viral detection at admission 

At least one respiratory virus at admission 294 (80) 229 (85) 523 (82) 

Single virus 278 (95) 205 (90) 483 (92) 

More than 1 virus 16 (5) 24 (10) 40 (8) 

Type of virus 

Respiratory syncytial virus 217 (59) 101 (37) 318 (50) 

Rhinovirus 56 (15) 89 (33) 145 (23) 

Human metapneumovirus 8 (2) 32 (12) 40 (6) 

Parainfluenza viruses 1–3 19 (5) 21 (8) 40 (6) 

Adenovirus 7 (2) 5 (2) 12 (2) 

Influenza A/B 3 (1) 7 (3) 10 (2) 

‡ Ngäbe–Buglé, Kuna Yala ethnics. 
∫ In El Salvador and Panama, 81 and 32 participants did not provide monthly household income data, respectively. In 

Panama, official mean reported monthly income for 2013 was $861.00 (Ministry of Economic and Finance for Chiriquí

Province). For El Salvador, official mean reported monthly income for 2013 was $556.16 (General Directorate of Statistics 

and Census for rural areas). 

Table 2 

Resource utilization for severe acute respiratory illness requiring hospitalization in children aged < 10 years at five hospitals, El Salvador and Panama, 2012–2013, N = 638. 

El Salvador n = 367 n (%) Panama n = 271 n (%) Total N = 638 n (%) 

Had ≥1 outpatient visit before hospitalization or during the 7 days after hospitalization 316 (86) 195 (72) 511 (80) 

1 consultation before hospitalization 183 (50) 111 (41) 294 (46) 

≥ 2 consultations before hospitalization 133 (36) 84 (31) 217 (34) 

≥1 visit for routine follow-up care after hospitalization 17 (5) 6 (2) 23 (4) 

Required intensive care unit (ICU) stay 7 (2) 7 (3) 14 (2) 

Median (IQR) days of hospitalization 

Without ICU stays 4 (3–5) 4 (3–7) 4 (3–6) 

With ICU stays 17 (15–24) 13 (10–16) 16 (13–22) 

Days in the ICU 5 (4–9) 4 (4–8) 5 (4–8) 

t  

b  

m

 

c  

t  

n  

c  

a  

e  

i

C

 

t  

I  

U  

t  

t  

(  

(

T

 

A  

S  

a  

C  

t  

b  

h  

m

hat at least one member of the household missed time at work

ecause of the illness ( Table 3 ) for a median of three work days

issed (IQR 2–5) ( Table 4 ). 

In El Salvador and Panama, medication costs were the largest

ost drivers of direct medical costs. In El Salvador, the median to-

al cost to caregivers was US$38.4 (21.5–72.4) or 7% of the average

ational monthly household income. In Panama, the median total

ost to caregivers was US$74.6 (IQR 39.2–134.5) or 6% of the aver-

ge monthly household income and approximately 26% of the av-

rage monthly household income for those in the lowest national

ncome quintile ( Table 4 ). 

ost to the health-care system 

The median cost to the health-care system per hospitaliza-

ion weighted for the proportion of hospitalizations that included

CU admissions was US$117.9 (IQR 59.0–383.9) in El Salvador and
S$280.1 (IQR 150.2–420.1) in Panama. The median costs for hospi-

alizations that included ICU admissions were at least 8-fold higher

han hospitalizations without ICU admissions in both countries

El Salvador US$2414 vs. US$121; Panama US$2508 vs. US$286)

 Table 4 ). 

otal financial costs 

From the societal perspective, the median total cost per severe

RI requiring hospitalization was US$218.7 (IQR 101.3–416.0) in El

alvador and US$393.3 IQR 258.4–551.6) in Panama, equal to 79%

nd 43% of health-care expenditure per capita in each country.

aregivers bore 20% of average total costs in El Salvador and 23% of

otal costs in Panama. Cost of severe ARI did not differ significantly

y virus type for children with single detection of RSV, rhinovirus,

MPV, PIV 1-3, influenza, or adenovirus detection ( Fig. 1 , Supple-

ental Table 1). 
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Table 3 

Caregiver out-of-pocket expenses associated with severe acute respiratory illness requiring hospitalization among chil- 

dren aged < 10 years in El Salvador and Panama, 2012–2013, N = 638. 

El Salvador n = 367 Panama n = 271 Total N = 638 

n (%) n (%) n (%) 

Paid for ≥1 outpatient consultations 140 (38) 105 (39) 245 (39) 

Paid hospital fees 40 (11) 114 (42) 154 (24) 

Purchased medication 180 (49) 188 (69) 368 (58) 

Paid for transportation to/from hospital 351 (96%) 244 (91%) 595 (94%) 

Median number of trips ∗ from home to hospital (IQR) 4 (2–6) 4 (2–8) 4 (2–6) 

Median minutes per trip ∗ from home to hospital (IQR) 45 (30–60) 60 (30–120) 60 (30–90) 

Paid for childcare costs 19 (5%) 37 (14%) 56 (9%) 

Paid for other items associated with illness episode ∗∗ 292 (80%) 220 (81%) 512 (81%) 

At least one household member missed scheduled work 107 (29%) 147 (54%) 254 (40%) 

Child missed school 11 (3%) 24 (9%) 35 (6%) 

∗ Trips were reported separately for each direction (e.g., two trips per one roundtrip). 
∗∗ Included food and personal items such as diapers, phone calls, lodging etc. 

Table 4 

Estimated caregiver and public hospital costs in United States Dollars † per child with severe acute respiratory illness requiring hospitalization in El Salvador and 

Panama, 2012–2013, N = 638. 

El Salvador ( n = 367) Panama ( n = 271) 

Cases ( n ) Mean Median IQR Cases ( n ) Mean Median IQR 

Direct Medical Costs 367 23.7 9.8 0–30.0 271 40.1 26.0 10.0–51.0 

Outpatient consultations fee 367 8.7 0 0–5.2 271 7.8 0 0–10.0 

Hospital fee 367 1.8 0 0–0 271 10.5 0 0–15.0 

Medication cost 367 13.1 0 0–18.0 271 21.5 12.0 0–30.0 

Direct Non-Medical Costs 367 25.3 18.4 10.0–34.0 271 48.8 33.0 13.6–61.0 

Transportation cost 367 9.5 4.5 1.6–11.4 271 18.8 8.8 3.0–20.0 

Childcare cost 367 0.8 0 0–0 271 6.3 0 0-0 

Other non-medical expense ∗ 367 15.1 10.3 4.1–22.0 271 23.7 16.0 5.0–34.0 

Indirect Costs 

Wages lost by household members due to child illness 367 10.9 0 0–12.0 271 13.4 0 0–0 

Work days missed per household due to child illness ∫ 145 4.1 3.0 2.0–5.0 157 3.7 3.0 2.0–5.0 

School days missed by child ∗∗ 11 8.1 6.0 2.0–11.0 25 7.6 7.0 4.0–10.0 

Total Caregiver Costs ∗∗∗ 367 59.9 38.4 21.5–72.4 271 102.3 74.6 39.2–134.5 

Medical Costs to the Health-care System for Hospitalization ‡ 

With ICU admission 7 2122.9 2414.0 1151.0–2571.0 7 2294.6 2422.0 2014.4–2633.7 

Without ICU admission 360 229.6 120.6 60.3–314.0 264 325.5 286.4 153.6–409.8 

All admissions †† 367 241.3 117.9 59.0–383.9 271 336.5 280.1 150.2–420.1 

Total Costs ‡‡ 

With ICU admission 7 2286.4 2585.7 1212.8–2883.2 7 2452.1 2546.8 2204.1–2867.7 

Without ICU admission 360 287.5 212.3 101.2–420.0 264 426.3 388.0 260.1–541.4 

All hospitalized children †† 367 301.1 218.7 101.3–416.0 271 438.8 393.3 258.4–551.6 

ICU: Intensive care unit; IQR: Interquartile range. 
∗ Included food and personal items such as diapers, phone calls, lodging, etc. 
∗∗ Of children who regularly attend school. 
∗∗∗ Total caregiver costs were calculated for each participant as the sum of their direct medical costs, direct non-medical costs and indirect costs. 
† Costs from 2012 were adjusted to 2013 by increasing by 3%. 
‡ Calculated for each participant as the product of days of hospitalization on the general pediatric ward multiplied by median hospital-bed cost for the general 

ward summed with the product of days of hospitalization in the ICU multiplied by median hospital-bed cost for the ICU. Average cost per hospital bed-day was 

calculated separately for the general ward and the ICU at each hospital by adding personnel, supply and infrastructure costs and then dividing the total by the 

product of total admissions and the average length of hospital stay per ward (general ward vs. ICU). Costs to the health-care system for outpatient consultations 

were not available and were not included in this analysis. 
†† Weighted average of hospital bed costs for participants with and without ICU admission. 
‡‡ Calculated for each patient as the sum of the caregiver’s out-of-pocket costs and cost to the health-care system for their hospitalization. 
∫ Does not include weekends, holidays, or days when persons were not otherwise scheduled to work. 
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Cost of RSV-associated severe ARI hospitalizations among infants 

aged < 6 months 

Overall, there were 99 severe ARI episodes with RSV detection

requiring hospitalization among infants aged < 6 months. In El Sal-

vador, the median total cost to households for these hospitaliza-

tions was US$34.0 (IQR 21.6–68.0), the median overall cost to the

health-care system was US$230.3 (59.0–333.7), and the median to-

tal cost from the societal perspective was US$246.1 (107.1–399.3)

(Supplemental Table 2). In Panama, the median total cost to house-

holds for RSV-associated severe ARI requiring hospitalization was

US$56.8 (IQR 25.5–140.5), the median overall cost to the health-

care system was US$280.1 (200.3–534.4), and the median total cost

from the societal perspective was US$402.0 (253.0–616.2). 
iscussion 

In this study of > 600 children hospitalized with severe ARI in El

alvador and Panama, we estimated that the median total financial

ost per severe ARI episode was US$219 in El Salvador and US$393

n Panama equal to 79% and 43% of national health expenditure

er capita in each country. The cost of hospitalizations that in-

luded ICU admissions were five to eight-fold higher than hospital-

zations without ICU admission. Caregivers bore approximately one

ourth of costs equal to 6–7% of average national monthly house-

old incomes in each country and 26% of average national house-

old income for those in the lowest income quintile in Panama.

n addition, severe ARI episodes that required hospitalization fre-

uently resulted in indirect costs of lost work days and wages for
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Fig. 1. Total costs in US Dollars from the societal perspective for severe acute respiratory illness requiring hospitalization among children aged < 10 years, by virus type, El 

Salvador and Panama, 2012 and 2013, N = 598 ∗ . 
∗Analysis excludes participants with viral co-detection. 
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aregivers. We also evaluated costs by virus type for common res-

iratory viruses and found no significant differences in costs per

pisode between viruses, possibly because the mainstay of treat-

ent is supportive care. 

To date, among countries in Latin America, published esti-

ates of costs of hospitalized ARI or pneumonia among chil-

ren are available from Argentina, Colombia, Guatemala, Honduras,

icaragua, Peru and Mexico, although only some studies included

osts to the health-care system that are critical to policy making

ecisions. 4,22–26 In Argentina, the median cost of hospitalization for

espiratory illness among children aged < 5 years from the soci-

tal perspective was US$529. 24 In Nicaragua, the average cost of

evere respiratory illness hospitalizations among children aged 6

onths through 9 years from the government perspective ranged

rom US$315 among patients hospitalized in the general ward to

S$ 972 for those hospitalized in the ICU. 22 Costs of illness in our

tudy were lower than those estimated in high-income Argentina

ut similar to those from middle-income Nicaragua. 

Our findings could be used to assess the cost-effectiveness and

ost-benefit of prevention and treatment strategies for influenza

nd RSV in Latin America. Currently, the World Health Organiza-

ion recommends that countries consider influenza vaccination for

oung children aged < 2 years and persons with underlying med-

cal conditions. While 64% and 56% of countries in Latin Amer-

ca have influenza vaccine policies that target pregnant women

nd young children, respectively, investments in influenza vaccines

re limited because of their expense and uncertainty about their

alue in lower income settings. 6 Similarly, clinicians in El Sal-

ador and Panama have access to and sporadically use influenza

ntiviral medications and palivizumab, but the cost-effectiveness

f these interventions has not been well studied in Latin Ameri-

an countries. In addition, RSV vaccines are in phase 3 trials for

se in pregnant women as a potential strategy to protect young

nfants through antenatal placental antibody transfer. 27 Middle-

ncome countries, such as the majority of countries in Latin Amer-

ca, are poised to consider expansion or introduction of respiratory
iral vaccines for high-risk groups. Data from our study provide ac-

ual cost inputs that can be combined with data about illness in-

idence and intervention effectiveness to inform discussions about

he cost-benefit of interventions to reduce the burden of respira-

ory illness. 

Strengths of our study include collection of detailed data on

oth direct and indirect costs to caregivers among a large cohort

f children from both urban and rural areas in two Latin Ameri-

an countries, use of administrative data on costs to the health-

are system from study hospitals, and use of gold standard testing

o identify respiratory viral etiologies for the majority of illness

pisodes allowing estimates of cost by virus type. Nevertheless,

everal limitations should be considered. First, because costs to

he health-care system were not obtained through a micro-costing

pproach 

17 , the completeness of hospital administrative data var-

ed by hospital with some hospitals missing data for certain cost

ategories (e.g., amortization of equipment and facilities). Second,

hile, 84% of children had at least one outpatient consultation dur-

ng their illness, costs to the health-care system for outpatient con-

ultations were unavailable. Taken together, these limitations likely

ed to an underestimate of total costs to caregivers and the health

are system. Third, systematic testing for bacterial infection was

ot done in our study, and we were not able to assess costs of se-

ere ARI associated with bacterial infections. Lastly, our study only

stimated costs of severe ARI resulting in hospitalization at tertiary

evel public hospitals which may not be representative of primary

nd secondary level hospitals and private hospitals in each country

hat may not have intensive care units and may admit lower acuity

atients. 
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