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Background.  Respiratory syncytial virus (RSV) is a leading cause of respiratory illness among infants globally, yet economic 
burden data are scant, especially in low-income countries.

Methods.  We collected data from 426 infants enrolled in the Queen Elizabeth Central Hospital respiratory disease surveillance 
platform to estimate the household and health system costs of managing RSV and other respiratory pathogens in Malawian infants. 
Total household cost per illness episode, including direct and indirect costs and lost income, was reported by parents/guardians at 
the initial visit and 6 weeks post discharge. The total cost to the health system was based on patient charts and hospital expenditures. 
All-cause acute respiratory infections (ARIs) and RSV costs for inpatient and outpatients are presented separately. All costs are in 
the 2018 US Dollar.

Results.  The mean costs per RSV episode were $62.26 (95% confidence interval [CI]: $50.87-$73.66) and $12.51 (95% CI: $8.24-
$16.79) for inpatient and outpatient cases, respectively. The mean cost per episode for all-cause ARIs was slightly higher among 
inpatients at $69.93 (95% CI: $63.06-$76.81) but slightly lower for outpatients at $10.17 (95% CI: $8.78-$11.57). Household costs 
accounted for roughly 20% of the total cost per episode. For the lowest-income families, household cost per inpatient RSV episode 
was about 32% of total monthly household income.

Conclusions.  Among infants receiving care at a referral hospital in Malawi, the cost per episode in which RSV was detected is 
comparable to that of other episodes of respiratory illnesses where RSV was not detected. Estimates generated in this study can be 
used to evaluate the economic and financial impact of RSV and acute respiratory illness preventive interventions in Malawi.

Key words.   acute respiratory infections (ARIs); costs; cost per episode; household costs; respiratory syncytial virus (RSV).

Acute respiratory infections (ARIs) are leading causes of child-
hood illness and death worldwide, accounting for roughly 15% 
of all deaths under the age of 5 globally [1]. Viruses constitute 
more than 60% of ARI etiology [2]. Respiratory syncytial virus 
(RSV) is a common cause of childhood ARIs, accounting for 
roughly 33 million cases and 118 000 deaths worldwide annu-
ally [3].

In Malawi, an estimated 11% of all childhood deaths are 
attributed to ARIs [4]. Further, surveillance data suggest that 

more than 54% of pediatric severe ARIs are due to viral res-
piratory infections, with RSV alone accounting for about 13% 
of hospitalized ARIs [5, 6]. RSV is particularly severe among 
infants, and those younger than 6 months of age account for a 
substantial portion of the disease burden [3].

While the overall African ARI epidemiology and disease 
burden data are sparse, Malawi has a well-established respi-
ratory surveillance system and has identified notable disease 
burden. However, the economic impact of ARIs is not well 
documented, quantified, or understood—a major challenge for 
effective management of such illnesses. In Malawi, the direct 
medical expenses in public health facilities are provided free 
of cost. The health facilities are funded through the govern-
ment district health offices, and people access all these services 
for free.

In this study, we evaluated the economic burden of infant 
RSV and other ARIs on Malawian families and on the health-
care system. We estimated the direct and indirect health care 
and household costs of managing RSV and other ARIs among 
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both hospitalized (inpatient) and nonhospitalized (outpa-
tient) infants. The cost estimates generated in this study can 
provide useful insights into the extent of economic losses due 
to RSV, inform cost-effectiveness analyses assessing the po-
tential value of disease prevention strategies, and help global 
and country decision-makers formulate policy for the in-
troduction and financing of preventive interventions when 
available.

METHODS 

Study Area and Population

The costing study was nested within a large ARI surveillance 
program at the Queen Elizabeth Central Hospital (QECH) 
in Blantyre, Malawi. QECH is a large tertiary referral hos-
pital serving predominantly urban and peri-urban areas of 
Blantyre District but with a catchment area that extends to all 
of southern Malawi.

Infants who presented with ARIs and were admitted to hos-
pital and ambulatory wards were screened, received nasopha-
ryngeal and oropharyngeal swabs and chest X-rays, and were 
recruited to participate in the surveillance program. Infants en-
rolled in the surveillance program and living in Blantyre were 
included in the costing study. Exclusion criteria included the 
following: a previous hospitalization for ARI treatment lasting 
more than 24 hours or within 14 days of presentation to QEHC; 
being admitted for more than 72 hours prior to screening; and 
moribundity or oncological or terminal illness.

Data Collection

Cost data were collected between May 2015 and September 
2016. A  trained research assistant administered a standard 
survey questionnaire to the primary caregiver at the hospital. 
Questions included demographics, socioeconomic status, his-
tory of illness prior to presentation at the facility, and any prior 
costs incurred due to illness. Medical records for hospitalized 
patients were reviewed daily for detailed information on labora-
tory investigations, procedures performed, and drugs dispensed 
(including mode of administration, dose, route, amount, and 
duration of use). Outpatient data came from government-
issued patient-held medical records. Study staff conducted 
follow-up home visits 6 weeks after the initial visit, to gather 
information about subsequent costs associated with the illness 
episode. Participants were also asked if they made additional 
facility visits for related symptoms after the initial visit, and if 
so, what the associated costs were. We did not gather follow-up 
posttreatment costs data from the deceased infant household.

Cost to the Health System
All costs incurred for patient care while patient is at the hospital 
are incorporated into hospital budget and are covered by the 
national government. Direct medical costs paid by the health 
system include drugs, laboratory tests and procedures, staff, and 

facilities (defined below). Unit costs associated with each were 
gathered from the QECH hospital using direct itemized costing 
of actual expenditures.

Drug Costs. Unit cost of drugs was based on QECH’s acquisition 
costs per procurement records (see Supplementary Appendix 
Table 1). We assumed injectables were only used once, incurring 
the full cost of the product, regardless of wastage. We accounted 
for the full cost of drugs administered or dispensed, without 
considering adherence post dispensation.

Laboratory and Investigation  Costs. To calculate the cost of 
laboratory tests and investigations, we multiplied the cost per 
unit test by the number of tests/investigations performed. Unit 
cost for the laboratory procedures/investigations set by the hos-
pital (see Supplementary Appendix Table 2) was used to esti-
mate the lab/procedure costs per patient. We excluded the cost 
of laboratory tests and investigations performed as part of clin-
ical research, as these are likely not reflective of costs incurred 
during standard clinical care.

Staff Costs. Staff costs per bed day for inpatient care were based 
on the aggregated daily salary of all staff involved in the manage-
ment and care of children with ARIs divided by the number of 
bed days in respective wards. Staff costs per bed day were then 
multiplied by the length of a patient’s hospital stay. Staff costs for 
outpatient care were based on the sum of daily salaries for all 
staff working in the ambulatory and emergency care department 
divided by the average number of outpatient visits per day.

Facility Costs. Facility costs were calculated by dividing QECH’s 
annual facilities expenses by the total number of hospital bed 
days, then multiplying by the length of stay for inpatients. 
Facility expenses included administrative/operational expenses 
on items, such as procurement, stationery, uniforms, bedding 
and linens, kitchen, lighting, heating, telephone, water and san-
itation, security, fuel, and vehicle maintenance. We assumed a 
half-day facility cost per outpatient case.

Cost to the Household
 Cost to the household includes both direct and indirect costs 
incurred during the episode of illness. Categories include pre-
hospital visit costs, index visit costs, and posthospital visit costs.

Prehospital Visit  Costs. These include direct medical costs 
(such as consult, drugs, and laboratory tests) incurred by the 
household at other health facilities, prior to the index visit.

Index Visit  Costs. These include any direct medical costs not 
covered by the health system and direct nonmedical costs, such 
as transportation and subsistence for the patient, guardian, and 
visitors. Index visit costs also include indirect costs, such as a 
parent’s/guardian’s self-reported income lost while taking care 
of the patient.
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Posthospital Visit Costs. These include direct medical costs in-
curred by the household after hospital discharge. Posthospital 
visit costs were not collected for participants who died before 
the 6-week follow-up visit.

Cost data were collected in Malawi Kwacha (MWK) and 
inflation-adjusted to the 2018 MWK units using Malawi’s infla-
tion rates [7]. Costs were then converted into the 2018 US dollar 
(USD) using the midyear official exchange rate (1 USD = 732.33 
MWK) [8].

Sample Size and Molecular Testing

A minimum sample size of 80 RSV-positive cases was required 
to provide a precision of ± 10% around the mean cost estimate 
for RSV episodes, at 0.5 coefficient of variation. Assuming RSV 
accounts for 20% of all ARI, we aimed to recruit 440 infants 
with ARI [9]. RSV etiology was confirmed through real-time 
multiplex polymerase chain reaction testing of nasopharyngeal 
swabs. We conducted RSV-specific and all-cause ARI analysis 
separately and by inpatient vs outpatient status.

Ethics

Malawi National Health Science Research Committee (#1073) 
provided ethics approval for this study. All study subjects’ 
guardians provided written consent.

RESULTS

Participant Characteristics

A total of 426 infants were included in this study (Figure  1) 
Fifteen (3.5%) of the included children were not alive at the 
6-week follow-up home visit. The mean age of participants was 
5.9 months at the time of enrollment (standard deviation [SD] 

3.28), and a majority were male (63%). Inpatients constituted 
75% of all cases, reflecting a higher proportion of the hospital-
ized cases due to their enrollment in the surveillance platform.

Due to funding constraints, only 280 (66%) swabs were 
tested to confirm RSV etiology. Among those tested, 78 (28%) 
were RSV positive. Of the 280 patients who underwent mo-
lecular testing to confirm RSV etiology, 265 (95%) patients 
(including all RSV confirmed positive cases) were also tested 
for detection of other non-RSV pathogens. Of the 78 RSV 
confirmed patients, 67 (86%) were detected with at least 1 
non-RSV pathogen. No other non-RSV pathogen was de-
tected among 11 (14%) of RSV-positive cases. Distribution 
of other non-RSV pathogens detected in molecular testing is 
provided in Supplementary Appendix Figure 1. Cases with 
confirmed RSV positive with and without co-detection of non-
RSV pathogens were included in the analysis as one group 
(RSV-positive group).

The hospitalization rate was higher among RSV-positive pa-
tients (87%) vs RSV-negative (77%). The median length of stay 
among all inpatients, regardless of RSV test status, was 3 days 
(interquartile range [IQR] 2, 4). About 60% of total participants 
(259) sought care prior to the index visit, including 55 of the 
78 (73%) who tested positive for RSV and 126 of 202 (62%) 
who did not. The median monthly income among households 
seeking care prior to the index visit was less ($55.56) than the 
group that did not ($92.60). Participant characteristics are pro-
vided in Table 1.

Cost Per Episode of Illness

Total cost per episode of illness, by hospitalization status and 
payer, is reported in Table 2. The mean cost per RSV episode 
was $62.26 for inpatients and $12.51 for outpatients. The health 
system cost accounted for 73%–74% of this cost, while house-
holds accounted for 26%–27%. For RSV-negative episodes, the 
mean cost for inpatients and outpatients was $68.42 and $11.78, 
respectively; the health system accounted for 82%–83% of this 
cost and to households the remaining.

Among all-cause ARI cases (including both RSV posi-
tives and negatives), the mean cost per episode was $69.93 
for inpatients and $10.17 for outpatients. The health system 
accounted for about 77%–80% of these costs, while the house-
holds accounted for the remaining 20%–23%.

On average, across all ARI cases, the health system costs 
accounted for roughly 80% of the total cost for inpatients and 
about 77% for outpatients. Inpatients had relatively higher 
health systems and household costs than outpatients. There 
was no statistically significant difference in cost per episode be-
tween the RSV-positive and all-cause ARIs infants.

Cost to the Health System

Mean direct medical costs incurred by the health system are 
given in Table 3.Figure 1.  Patient flow diagram.

http://academic.oup.com/jpids/article-lookup/doi/10.1093/jpids/piaa157#supplementary-data
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The mean direct medical cost to the health system was 
slightly higher among infants who tested negative for RSV (and 
the all-cause ARI infant group) as compared with the RSV-
positive group ($55.85 vs $45.37 for inpatients and $9.74 vs 
$9.26 for outpatients). This difference was primarily driven by 
the differences in drug cost ($9.57 vs $2.97 for inpatients and 
$2.75 vs $1.62 for outpatients). Drug costs account for about 7% 
of the health system cost for RSV-positive inpatients and about 
17% for RSV-positive outpatients. In general, staff and labo-
ratory costs were the major drivers of inpatient cost, whereas 
drugs and laboratory costs were the drivers of outpatient cost.

Cost to the Households

Roughly, 20% of the total cost per episode of illness was borne 
by households. For RSV-positive cases, mean households costs 
were $16.89 (median $8.35) for inpatients and $3.25 (median 
$1.11) for outpatients (see Table  4). We found no substantial 
difference in household cost between the RSV-positive, RSV-
negative, or all-cause ARI groups.

Households incurred no direct medical costs from the 
health care visit, which was completely covered by the govern-
ment. Pre- and/or post-index visit care accounts for roughly 7% 
of the total household cost. In general, households seeking care 
prior to the index visit incurred almost twice the household cost 
as those who did not.

Direct nonmedical costs from the index visit such as trans-
portation and subsistence account for roughly 38% and 45% 
of the total household cost among RSV-positive and all-cause 
ARI inpatient episodes. Indirect costs due to lost income, as re-
ported by parents, account for roughly half of the household 
costs across all groups (Table  4). A  pairwise comparison of 
mean difference test shows the loss of income as a proportion 
of total monthly income was higher among the households in 
the poorest quintile. Figure 2 shows the proportion of income 
lost as a share of total household income by income quintile 
for families with inpatient children. The median loss of income 
as a share of household income is much higher among families 
in the lowest income quintile, and the proportion consistently 
declines as family income increases. Specifically, for inpatient 

Table 2.  Summary of Cost (in 2018 USD) Per Acute Respiratory Illness Episode, by Hospitalization Status and Payer

All infants (N = 426) RSV positive (N = 78) RSV negative (N = 202)

Inpatient (N = 320) Outpatient (N = 106) Inpatient (N = 69) Outpatient (N = 9) Inpatient (N = 156) Outpatient (N = 46)

Health system costs

  Mean 55.78 7.84 45.37 9.26 55.85 9.74 

  Median 41.50 6.52 41.47 9.78 43.12 9.69 

  95% CIa 49.35-62.21 6.68-9.01 38.74-52.00 7.34-11.18 47.14-64.57 7.33-12.14

Household costs

  Mean 14.15 2.33 16.89 3.25 12.57 2.04

  Median 10.09 0.67 8.35 1.11 10.07 0.75

  95% CIa 11.94-16.37 1.63-3.03 7.89-25.89 0.10-6.41 10.95-14.19 1.19-2.89

Total costs

  Mean 69.93 10.17 62.26 12.51 68.42 11.78

  Median 54.81 9.16 50.89 10.90 55.84 10.11

  95% CIa 63.06-76.81 8.78-11.57 50.87-73.66 8.24-16.79 59.59-77.25 9.22-14.33

Abbreviations: RSV, respiratory syncytial virus; USD, US dollars.
a95% confidence interval (CI) of mean values. For reference, the 2018 USD midyear official exchange rate for select region/countries (1 USD = 0.847 Euro, = 101.302 Kenyan Shilling, = 10.458 Zambian Kwacha, and  = 4.585 
Ghanaian Cedis) [8]. 

Table 1.  Participant Characteristics 

All infants (N = 426) RSV positive (N = 78) RSV negative (N = 202)

Inpatient Outpatient Inpatient Outpatient Inpatient Outpatient

N (%) 320 (75%) 106 (25%) 69 (88%) 9 (12%) 156 (77%) 46 (23%)

Female 113 (35%) 46 (44%) 23 (33%) 2 (22%) 59 (38%) 20 (43%)

Age, months (mean, SD) 5.9 (3.34) 6.07 (3.1) 5.59 (3.46) 5.24 (3.23) 5.62 (3.46) 5.85 (3.28)

Median monthly household income, in 2018 USD 47 68 55 83 45 61

Median household size (IQR) 5 (4, 6) 4 (3, 6) 5 (3, 7) 4 (3, 4) 5 (4, 6) 4 (3, 5)

Mortality between hospital visit and follow-up, N (%) 12 (4%) 3 (3%) 1 (1%) 0 (0%) 6 (4%) 0 (0%)

Median length of stay, bed nights (IQR) 3 (2, 4) 0 (0, 0) 3 (2, 4) 0 (0, 0) 3 (2, 4) 0 (0, 0)

Received care prior coming to the hospital, N (%) 236 (74%) 23 (22%) 55 (80%) 2 (22%) 115 (74%) 11 (24%)

Abbreviations: RSV, respiratory syncytial virus; USD, US dollars; IQR, interquartile range; SD, standard deviation.



742  •  jpids  2020:9  (December)  •  Baral et al

families at the highest income level (>$95.5 per month), this 
loss represents about 4% of total household monthly income, 
but for inpatient families at the lowest income level (<$23.3 per 
month), it is about 32% of the total household income.

DISCUSSION

Cost data for infant ARIs are sparse in low-income countries 
and almost nonexistent for pathogens such as RSV, which 
disproportionately impacts young infants [10]. While the ec-
onomic impact of RSV has been estimated [11], current evalu-
ations have relied on costs of other pathogens or imputed RSV 
costs based on assumptions. This is one of the first studies to 
evaluate RSV costs specifically from a low-income country in 
Africa where we estimate the economic burden of RSV, as well 
as all-cause ARIs using a combination of patient/household 
survey data, patient chart review, and hospital administrative 
data. We tested a subset of patients with ARI to confirm RSV 
etiology and compare cost estimates among patients with and 
without RSV infection. More than 75% of the study subjects 
were hospitalized (inpatients) partly because the study was con-
ducted in a referral hospital where severe cases are more likely 
to visit in general and more importantly, the study was nested 
within the SARI surveillance program.

The total cost per episode for RSV-associated ARI was 5 
times higher for inpatients than for outpatients (Table 2). For 
all-cause ARI, which includes RSV-positive, RSV-negative, 
and non-tested cases, cost per episode was 7 times higher for 

inpatients than outpatients (Table  2). Although the absolute 
cost for an RSV-positive inpatient episode is less than that for 
an RSV-negative or all-cause ARI case, we found no substan-
tial difference in total cost per episode between these groups. 
Across all illness groups, the median cost per episode estimates 
are less than the mean values, reflecting positively skewed cost 
data with few cases incurring very high costs.

Health system costs accounted for roughly 80% of the total 
cost per episode of illness. QECH paid all direct costs incurred 
during treatment (including cost of drugs dispensed). Staff and 
facilities followed by laboratory tests and procedures drove inpa-
tient costs across all illness groups. The mean cost of drugs was 
roughly 3 times lower among the RSV-positive inpatients com-
pared with RSV-negative or all-cause ARI inpatients (although 
the difference in median values was modest). However, our data 
suggest that RSV-positive patients were prescribed antibiotics 
less frequently than RSV-negative and other patients, possibly 
explaining the lower drug costs. Only 73% of RSV-positive pa-
tients were prescribed at least 1 antibiotic compared with 85% 
in the all infants group (see Supplementary Appendix Table 3).

Overall, household costs made up about 20% of the total 
cost per episode, almost half of which were due to reported 
lost income. Households in the poor income category lost up 
to one-third of their total monthly income to an RSV inpa-
tient episode—a substantial share in a subsistence economy. 
Although households in Malawi were spared from shouldering a 
majority of direct medical costs associated with the index visit at 
the hospital, roughly 60% of cases sought prehospital care prior 

Table 3.  Direct Medical Costs (in 2018 USD) Incurred by the Health System

All infants RSV positive RSV negative

Inpatient (N = 320) Outpatient (N = 106) Inpatient (N = 69) Outpatient (N = 9) Inpatient (N = 156) Outpatient (N = 46)

Drug cost

  Mean 8.56 2.26 2.97 1.62 9.57 2.75 

  Median 3.74 1.26 2.86 1.10 3.70 1.26 

  95% CIa 4.46-12.65 1.53-3.00 2.33-3.61 0.09-3.15 3.10-16.04 1.13-4.36

Lab cost

  Mean 16.84 3.17 16.78 5.23 18.19 4.58 

  Median 20.49 0 20.49 6.28 20.49 6.28 

  95% CIa 15.66-18.01 2.34-4.00 14.41-19.15 3.53-6.94 16.49-19.76 2.98-6.18 

Staff cost

  Mean 21.23 1.34 17.85  1.34 19.61 1.34 

  Median 14.66 1.34 14.66 1.34 14.66 1.34 

  95% CIa 18.18-24.29  1.34-1.34  13.49-22.21  1.34-1.34  15.78-23.44 1.34-1.34 

Facilities cost

  Mean 9.25 1.07 7.78 1.07 8.54 1.07 

  Median 6.39 1.07 6.39 1.07 6.39 1.07 

  95% CIa 7.92-10.58 1.07-1.07 5.88-9.68 1.07-1.07 6.88-10.88 1.07-1.07 

Total cost

  Mean 55.78 7.84 45.37 9.26 55.85 9.74 

  Median 41.50 6.52 41.47 9.78 43.12 9.69 

  95% CIa 49.35-62.21 6.68-9.01 35.74-52.00 7.34-11.18 47.14-64.57 7.33-12.14 

Abbreviations: RSV, respiratory syncytial virus; USD, US dollars.
a95% confidence interval (CI) of mean values.

http://academic.oup.com/jpids/article-lookup/doi/10.1093/jpids/piaa157#supplementary-data
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to the index visit (including traditional healers and self-medica-
tion), and this contributed to roughly 6% of all household costs. 
Prehospital care-seeking was even higher among the RSV-
positive subgroup (73% on average). Households in the lowest 
income quintile tended to seek more prehospital care.

Although the number of cases positive for RSV only (with 
no codetection of other non-RSV pathogens) is small (N = 11), 
the difference in cost estimates observed among this subgroup 
compared with all RSV test-positive group is worth mentioning. 
The subgroup that was positive only for RSV virus (inpatients, 
N = 10) had about 65% higher costs per episode ($100.59) 
compared with the all RSV-positive subgroup ($62.26). The dif-
ference was more prominent for household costs (more than 
130%) than for the health system costs (about 33%). The higher 
health system cost was driven by the staff and facility costs as the 
average length of stay among this subgroup was higher (6.2 days 
vs 3.65 days). The small number of RSV-positive subjects with 
no other non-RSV pathogens of significance detected is small 
and limits our ability to make inferences on costs of coinfection 
but makes an interesting subject for future research.

There are only a handful of studies from other low- and 
middle-income (LMIC) nations that present ARI costs, and 
even fewer that present costs associated with RSV in Africa, 
to which we can compare results. In Kenya, the mean cost of 
hospitalization for pneumonia is estimated at $177.14 (national 
hospital) and $62.08 (district hospital) [12]. In Zambia, the 
health system cost per outpatient and inpatient episode for 
children under the age of 5 with pneumonia was reported at 
$48 and $215, respectively [13]. In India, the total direct cost 
of an ARI episode for a hospitalized child ranged between $54 
and $135 [14]. A more recent systematic review on the cost of 
managing severe pneumonia across LMICs estimated $51.70 
for outpatients and $242.70 for inpatients [10].

The cost estimates generated in our study are much lower 
when compared with other countries in the region. This could 
be due to the general low-income country status of Malawi. The 
cost of each ARI hospitalization in Malawi is about 18% of its 
GDP per capita; for comparison, in Kenya, it ranges between 
6% and 13%, depending on the type of hospital [12]. Further, 
in Kenya, 80%–83% of total costs are attributed to staff and 

Table 4.  Household Costs (in 2018 USD) Associated With an Episode of Illness

All infants RSV positive RSV negative

Inpatient (N = 320) Outpatient (N = 106) Inpatient (N = 69) Outpatient (N = 9) Inpatient (N = 156) Outpatient (N = 46)

Direct medical cost prior to index visit

  Mean 0.81 0.19 1.10 0.12 0.66 0.16

  Median 0 0 0 0 0 0

  95% CIa 0.60 to 1.02 0.04 to 0.33 0.57 to 1.63 –0.16 to 0.41 0.40 to 0.92 –0.01 to 0.33

Direct nonmedical cost of index visit

  Mean 6.39 0.49 6.42 0.36 5.93 0.51

  Median 4.02 0 3.43 0.28 3.89 0

  95% CIa 5.63 to 7.16 0.21 to 0.78 4.19 to 8.65 0.16 to 0.56 4.95 to 6.92 0.07 to 0.96

  Transportation

    Mean 5.39 1.03 5.32 0.41 4.83 0.86 

    Median 3.70 0.46 2.27 0.42 3.24 0.46 

    95% CIa 4.68 to 6.09 0.43 to 1.62 3.34 to 7.30 0.21 to 0.60 3.93 to 5.72 0.11 to 1.61 

  Subsistence and others

    Mean 1.21 0.07 1.27 — 1.29 0.05 

    Median 0.59 — 0.41 — 0.70 —

    95% CIa 1.01 to 1.42 −0.01 to 0.14 0.74 to 1.80 — 0.99 to 1.59 −0.04 to 0.14

Indirect cost due to index visit

  Mean 6.83 1.40 9.28 2.25 5.94 1.14

  Median 3.70 0.42 2.78 0.56 4.63 0.37

  95% CIa 4.85 to 8.81 0.89 to 1.91 0.60 to 17.95 –0.97 to 5.48 5.07 to 6.80 0.57 to 1.71 

Direct medical cost after index visit

  Mean 0.12 0.25 0.10 0.51 0.04 0.22

  Median 0 0 0 0 0 0

  95% CIa 0.03 to 0.21 0.04 to 0.46 –0.06 to 0.25 –0.67 to 1.70 –0.02 to 0.10 –0.12 to 0.57

Total household costs

  Mean 14.15 2.33 16.89 3.25 12.57 2.04

  Median 10.09 0.67 8.35 1.11 10.07 0.75

  95% CI (mean) 11.94 to 16.37 1.63 to 3.03 7.89 to 25.89 0.10 to 6.41 10.95 to 14.19 1.19 to 2.89

Direct medical costs include expenses on consultation, drugs, tests, or any other financial costs. Direct medical costs for an index visit were all covered by the health system and thus not included here. Indirect cost includes the 
lost household income due to taking care of sick children.
Abbreviations: RSV, respiratory syncytial virus; USD, US dollars.
a95% confidence interval (CI) of mean values.
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Figure 2.  Loss of income as a proportion of total household income among families of inpatient cases. Monthly income quintile, poorest quintile (<$38); 2 
($38-$56); 3 ($57-$83); 4 ($90-$130); richest quintile (>$130). Numbers in the y-axis represents different income quintile. The horizontal bar within each box rep-
resents the median values within each sub group. The longer the box, the more dispersed is the data. In other words, the reported loss of income as a share 
of total household income among the poorest income group is much higher than that for the others. 

facilities followed by investigations (11%-12%) and drugs (5%-
9%). In Malawi, only 55% of the direct medical costs per ARI 
episode are attributed to staff and facilities. Lower staff salaries 
and facility costs may explain the relatively lower cost estimates 
in Malawi.

A previous study conducted in Malawi, which included 
data from the same study hospital as well as one additional 
health facility in a rural setting, estimated the cost of acute di-
arrhea in children and reported $47.21, $25.26, and $73.78 as 
the mean cost to the health system, household, and total cost 
per inpatient episode, respectively [15]. While the treatment 
and management of diarrheal and acute respiratory diseases 
may not be comparable, the cost estimates for RSV positives 
from our study are similar—$45.37, $16.89, and $62.26 for the 
health system, household, and total costs for inpatient epi-
sode, respectively.

An important finding from this study is that the costs be-
tween all-cause ARIs and RSV do not seem all that different, 
although more evidence is needed to definitively establish the 
differences.

This study has some limitations. Financial constraints 
limited our ability to conduct molecular testing on all study 
subjects. The sample size for RSV-positive cases approached 
the minimum requirement (78 compared with 80). Although 
samples were randomly drawn for molecular testing, testing 
the full set would have allowed for greater reliability and pre-
cision of results. Given that the study collected data from a 
tertiary-level hospital and was nested within a severe acute 

respiratory surveillance platform, a higher rate of severe cases 
of ARI were enrolled. Also, this study only includes costs for 
patients who sought treatment; however, there is a substan-
tial community burden of ARI among children—especially 
RSV—who may not attend health facilities [16]. The estimates, 
therefore, may not fully account for the costs associated with 
unidentified and untreated community cases and the long-
term consequences of these illnesses [17]. Prehospital and 
posthospital visit costs to the households were based on pri-
mary caregiver recall, and the estimates may be subject to po-
tential recall bias. Lost income was only measured at the index 
visit, but we believe this encompasses the majority of income 
lost due to the proportionally lower costs of care to the house-
hold for prehospital and posthospital visits. Prehospital and 
posthospital visits are usually time caregivers spend at home 
with the patient with minimal interruptions in daily activi-
ties until when the illness is severe enough to warrant going 
to a health center. Most of the productivity losses are, there-
fore, around the time when they interface with health facil-
ities. Further, household income level was based on reported 
monthly income and its measurement may include inherent 
reporting biases [19].

The study uses data from a single referral hospital in Malawi 
that provides free care to Blantyre’s urban and peri-urban popu-
lations, and findings may not be generalizable across differing 
healthcare settings. For example, the finding of modest absolute 
household costs may not apply in locations where households 
usually share the direct medical cost of hospital treatment. 
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In many LMICs in Asia and Africa, basic health services are 
not free, and care represents a substantial financial burden for 
households. Malawi has made a concerted effort to make care 
free for children as a part of its essential healthcare package [18]. 

CONCLUSIONS

This study demonstrates the substantial economic impact RSV 
and other respiratory illnesses can have on households and 
health systems in low-income settings. These costs are lower 
than reported in other studies that examined ARI costs. We 
believe this may be explained by the relative income status of 
Malawi and comparator countries; however, more information 
on RSV-associated costs in other settings is warranted. This 
study also suggests the costs associated with an episode of RSV 
are comparable to RSV-negative and other ARIs among infants 
of the same age. Future studies are needed to confirm whether 
these insights hold in other settings. Moreover, interventions 
for RSV and other ARIs, such as vaccines and monoclonal anti-
bodies, are in development [20]; the estimates generated by this 
study will be important for evaluating the cost-effectiveness of 
such interventions and supporting governments and policy-
makers in identifying good value investments for improving 
health. Furthermore, these cost data are critical for calculating 
the full value of potentially avertable burden by vaccination. 
The cost estimates from this study should be considered by key 
stakeholders as part of an evidence package when RSV preven-
tive measures are available.

Supplementary Data
Supplementary materials are available at the Journal of the Pediatric 
Infectious Diseases Society online (http://jpids.oxfordjournals.org). 
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