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Abstract 

Background Approximately 97% of global deaths due to RSV occur in low- and middle-income countries 
(LMICs). Until recently, the only licensed preventive intervention has been a shortacting monoclonal antibody (mAb), 
palivizumab (PVZ) that is expensive and intensive to administer, making it poorly suited for low-resource settings. 
Currently, new longer acting RSV mAbs and maternal vaccines are emerging from late-stage clinical development 
with promising clinical effectiveness. However, evidence of economic value and affordability must also be consid-
ered if these interventions are to be globally accessible. This systematic review’s objective was to summarise existing 
evidence on the cost-of-illness (COI) and cost-effectiveness of RSV prevention interventions in LMICs.

Methods We conducted a systematic literature review using the Embase, MEDLINE, and Global Index Medicus 
databases for publications between Jan 2000 and Jan 2022. Two categories of studies in LMICs were targeted: cost-of-
illness (COI) of RSV episodes and cost-effectiveness analyses (CEA) of RSV preventive interventions including maternal 
vaccines and long-acting mAbs. Of the 491 articles reviewed, 19 met the inclusion criteria.

Results COI estimates varied widely: for severe RSV, the cost per episode ranged from $92 to $4114. CEA results also 
varied—e.g. evaluations of long-acting mAbs found ICERs from $462/DALY averted to $2971/DALY averted. Study 
assumptions of input parameters varied substantially and their results often had wide confidence intervals.

Conclusions RSV represents a substantial disease burden; however, evidence of economic burden is limited. Knowl-
edge gaps remain regarding the economic value of new technologies specifically in LMICs. Further research is needed 
to understand the economic burden of childhood RSV in LMICs and reduce uncertainty about the relative value of 
anticipated RSV prevention interventions. Most CEA studies evaluated palivizumab with fewer analyses of interven-
tions in development that may be more accessible for LMICs.

Keywords Respiratory syncytial virus, Cost-of-illness, Cost-effectiveness, Low- and middle-income countries, 
Systematic review

Background
Respiratory syncytial virus (RSV) causes substantial ill-
ness and death globally [1, 2]. It is the second-leading 
cause of death due to lower respiratory tract infection 
(LRTI) for all ages and the leading cause of LRTI deaths 
in children under five years of age [3–5]. The majority of 
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RSV cases and deaths occur in low- and middle-income 
countries (LMICs), which account for 97% of the total 
101,400 RSV-associated deaths in children under 5 years 
in 2019 [2]. Globally, about 39% of hospital admissions 
due to RSV occur in children under 6  months of age 
[2]. Infants of that age have yet to develop fully mature 
immune systems and traditional vaccination takes time, 
often requiring multiple immunisations to achieve pro-
tection [6]. Furthermore, immunising young infants while 
naturally transferred RSV-specific maternal antibody 
is still circulating has the potential to blunt the infant’s 
response to active vaccination. All these factors would 
make preventing RSV illness using a traditional vaccine 
approach difficult to implement in this at-risk population.

Currently, there are no vaccines licensed for RSV and 
the only widely  available preventive product for RSV in 
young children is palivizumab, a short-acting monoclo-
nal antibody (mAb) product used for passive immuni-
sation against RSV in very high-risk infants and young 
children. Palivizumab has an estimated efficacy of 55% 
for the reduction of hospitalisation due to RSV infec-
tion [7]. While effective, its high cost and monthly dosing 
schedule make implementation prohibitive in most low-
resource settings [8]. To address these challenges and 
deploy RSV prevention interventions with fewer imple-
mentation barriers, several vaccine and prophylactic 
products are currently being developed. As of September 
2021 (the most recent pipeline summary available), there 
are 23 vaccine and antibody products for RSV preven-
tion undergoing clinical trials (of which 6 have target 
indications for only elderly populations at risk), with 17 
additional products in preclinical development [9]. One 
product strategy is maternal immunisation (MI), dur-
ing which pregnant people are vaccinated against RSV 
to subsequently pass antibodies along to their newborns 
for protection during the first several months of life. In 
November 2021, an MI vaccine showed promising results 
after a phase 2b study, with potentially 85% efficacy in 
protecting infants from LRTI due to RSV [10, 11]. Addi-
tionally in November 2021, nirsevimab, a single-dose 
long-acting monoclonal antibody—the other main strat-
egy for prophylactic RSV products— developed by Astra-
Zeneca and Sanofi demonstrated safety and 75% efficacy 
at preventing RSV in a Phase 3 clinical trial; filing for reg-
ulatory approval is expected in early 2022 [12–15]. These 
two new products and others in the clinical pipeline have 
the potential to dramatically lower RSV illness and death 
globally.

However, evidence on the economic burden of RSV 
and the potential cost-effectiveness of these treatments in 
LMICs, where the burden is greatest [4, 16], is lacking: a 
recent systematic review of cost-of-illness for RSV at the 
global level found that only 3 out of 44 costing studies 

were conducted in LMICs, highlighting the income and 
geographic disparity in the available evidence [17]. We 
note that throughout this paper, “LMIC” refers to low- 
and middle-income countries. In instances where this 
analysis refers to specifically lower-middle-income coun-
tries, this term is fully spelled out rather than abbreviated 
as LMIC.

Economic evidence such as the relative value of RSV 
interventions is important to inform adoption and imple-
mentation recommendations. As promising RSV vac-
cines and mAbs move through late-stage clinical trials 
and licensure, economic evidence will need to be con-
sidered as ministries of health weigh the value of these 
interventions against real-world budgetary constraints. 
Evidence on economic burden of RSV and the relative 
cost-effectiveness of new interventions to prevent RSV 
illness and death in specific contexts is necessary to make 
these determinations.

This review identifies and summarises all available evi-
dence regarding the RSV cost-of-illness and cost-effec-
tiveness of RSV prevention interventions for children 
under five years of age in LMICs. Cost-of-illness studies 
quantify the resources expended to treat and manage a 
health condition and are useful to understand the value 
of interventions addressing those health problems. Cost-
effectiveness studies provide evidence informing how 
resources should be allocated. This will provide insight 
for (1) the research community on where evidence gaps 
currently exist; (2) country-level decision-makers in 
LMICs on the economic burden of RSV and the rela-
tive value of RSV interventions specific to their contexts; 
and (3) donors and global policymakers on RSV-related 
investment priorities.

Methods
We conducted a systematic literature review to identify 
relevant studies for inclusion by following the guidance 
in the PRISMA guidelines for conduct and reporting 
of systematic reviews [18, 19]. Our search identified 
research studies that measured RSV cost-of-illness in 
children in LMICs and studies that measured the cost-
effectiveness of RSV prevention interventions in children 
in LMICs. We searched the MEDLINE, Embase, and 
Global Index Medicus publication databases on January 
20, 2022, for studies conducted since January 2000. Our 
search terms included both the specific keyword and the 
exploded keyword concept in Emtree, when available. 
These terms included keywords for respiratory syncytial 
virus, cost and cost-effectiveness, and low- and middle-
income countries. The full keywords and limits used in 
the search are summarised in Additional File 1. The list 
of low- and middle-income countries was defined using 
the 2021 World Bank classifications of countries based on 
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gross national income per capita including low-income 
countries, lower-middle-income countries, and upper-
middle-income countries [20].

Characteristics of the literature identified through this 
search were exported to Microsoft Excel for review. Two 
authors (RW and RB) reviewed all titles and abstracts 
to identify studies that merited full article review. After 
reviewing all relevant full-text articles for relevance, the 
resulting list of articles was evaluated for quality using 
the Drummond checklist (see Additional File 2) and for 
biases reported in the article text. Data for these articles 
were extracted into Microsoft Excel tables by RW and 
reviewed by RB.

For the cost-effectiveness studies, the primary out-
come measure for data extraction was the incremen-
tal cost-effectiveness ratio (ICER) of the intervention in 
dollars per quality-adjusted life years (QALY) gained or 
disability-adjusted life years (DALY) averted. When avail-
able, the confidence interval of the ICER estimates was 
extracted as well. The assumed intervention cost, inter-
vention efficacy, and intervention duration used in each 
article were also extracted. To provide a willingness-
to-pay (WTP) reference for contextualising ICERs, the 
2020 gross domestic product (GDP) per capita in $USD 
is also included for each country. A WTP threshold of 1 
times GDP per capita can be used as a threshold; how-
ever, some guidance recommends 3 times GDP per capita 
as an appropriate threshold, while others dissuade the 
decision-making community from using GDP per capita 
as a reference in any capacity, as is the current stance 
of the World Health Organization [21]. Accordingly, we 
included GDP per capita data here for reader reference, 
but did not use these data to make conclusive determi-
nations about intervention cost-effectiveness in each spe-
cific country setting for the purposes of this review.

For the cost-of-illness studies, the primary measures 
of interest for data extraction were direct and indirect 
costs and associated confidence intervals when available. 
When more granular data for specific cost components 
such as medications, staff costs, and supplies were pro-
vided, these were extracted as well. Severity of RSV was 
classified into outpatient (least severe), ward hospitalisa-
tion, and ICU hospitalisation (most severe) based on the 
setting where each study was conducted. The average 
length of hospital stay observed in each study was also 
documented for comparison purposes.

For all studies, all cost estimates were converted to 
2020 US dollars by first starting with the local currency 
used in each study and then adjusting for inflation using 
country-specific inflation rates before converting back 
to 2020 US dollars, as recommended by Turner et  al.’s 
adjustment method number 2 [22]. Inflation rates and 

currency conversion for each year and country were 
sourced from The World Bank.

The completed PRISMA checklist for this systematic 
review is included as Additional File 3.

Results
Study selection
The initial search terms produced 491 articles for review. 
Titles and abstracts of all articles were reviewed by RW 
and RB for possible inclusion, which eliminated 448 
studies that did not have a cost component (n = 236), 
were not RSV-related (n = 104), were an opinion or 
commentary (n = 90), did not take place in an LMIC 
setting (n = 13), or other reason (n = 5). The full text of 
the remaining 43 articles was then reviewed, and 24 arti-
cles were further excluded due to referring to a meet-
ing abstract rather than a full study (n = 12), the full text 
being unavailable (n = 7), being duplicate articles (n = 4), 
and not being in English and therefore not adequately 
interpretable by the study team (n = 1). One additional 
article (Liu et al. [23]) met the keyword criteria but was 
identified via a separate search, as it was still pending 
full indexing in the Embase database at the time of data 
extraction. We then evaluated all remaining 20 articles 
for data quality using the Drummond checklist, where 
an article needed to meet > 50% of the available points 
to be included in this review. Articles that were cost-
effectiveness analyses were evaluated using the complete 
Drummond checklist, while cost-of-illness articles were 
evaluated against a subset of relevant criteria from the 
Drummond checklist (see Additional File 2). One arti-
cle was excluded based on a low score for study quality, 
leaving 19 total articles for inclusion in this review. No 
articles were excluded based on the risk of study biases 
or conflicts of interest. Of these 19 included studies, only 
6 have been included in previously-conducted system-
atic reviews on economics of RSV [6, 17, 24]. This pro-
cess is summarised in Fig. 1 below.

Characteristics of Included Studies
The 19 included studies were reviewed and analysed 
in two groups based on the objective of the study: cost-
effectiveness analysis (CEA) of an RSV intervention 
(n = 10) [5, 25–32] or cost-of-illness (COI) estimation 
of RSV (n = 10) [23, 25, 32–40]. One study, Chan et  al., 
included both a CEA and COI component and so are 
included in both categories of results presented here.

The CEA articles evaluated a variety of interventions, 
with most studies evaluating more than one interven-
tion: short-acting mAb (palivizumab) (n = 6), maternal 
immunisation (n = 5), long-acting mAb (n = 4), and pae-
diatric immunisation (n = 2). Seven of the ten CEAs took 
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place in upper-middle-income countries (UMIC), two in 
lower-middle-income countries, and one in a low-income 
country (LIC). The characteristics of the included CEA 
studies are summarised in Table 1.

The COI studies most often evaluated the cost of RSV 
from the payer’s perspective. Results from the included 
COI studies are grouped by RSV severity: outpatient care 
(n = 2), mild hospitalised ward care (n = 4), and severe 
or intensive care hospitalisation (n = 9). Eight of the ten 
COI studies took place in UMICs, one in a lower-middle-
income country, and one in a LIC. The characteristics of 
the included COI studies are summarised in Table 2.

Findings from included studies
Broadly, a review of these CEA and COI studies indicates 
wide-ranging estimates for the cost-effectiveness of spe-
cific interventions and estimated cost-of-illness of RSV 
episodes.

Cost‑effectiveness
The evaluation results varied widely for each intervention 
evaluated, and studies evaluated the interventions using 
different outcome measures. Of the six studies evaluat-
ing palivizumab, the ICERs were estimated from $4671/
DALY in Mali [27], to $22,863/QALY in Mexico [29]. The 
ICERs in dollars per hospitalisation averted ranged from 
$4140 in Malaysia [32] to $71,226 in Argentina [25]. One 
study reported an average cost per hospitalisation, which 
was found to be $2416 in those treated with short-acting 
mAb vs $931 in those untreated [30].

Of the studies evaluating maternal immunisation (MI), 
ICERs per DALY averted averaged at about $1440 across 
all LMICs in the study [28]. A study focusing on cur-
rent and former Gavi-funding-eligible countries as of 
2020 [42] reported the average ICER per DALY averted 
at $2031 [5]. Another study, using country-specific input 
values in a LIC (Mali), found the cost per DALY averted 
for a maternal vaccine to be $8753 [27]. One study 
reported the estimated ICER per QALY gained for an 
MI product in Turkey to be $118,845/QALY gained [31]. 
Another recent study from China presented the CEA 
results as threshold strategy costs (TSCs) based on a will-
ingness-to-pay threshold of 1 GDP per capita. The TSC 
for MI in this study was found to range between $2.40 
and $14.70 across sub-regions [23].

The four evaluations of long-acting mAbs found ICERs 
of $1687/DALY (Mali) [27], $2971/DALY (Gavi coun-
tries) [5], and $462/DALY (LMICs) [28]. The study, which 
reported results by TSC rather than ICER, found that 
the TSC for mAbs ranged between $19.90 and $144.20 
depending on the region (China) [23].

Finally, two studies evaluated the cost-effectiveness of a 
hypothetical paediatric immunisation program (PI). One 
study found the ICER was $101,854/QALY gained (Tur-
key) [31]. The second study reported results by TSC rather 
than ICER and found that the TSC for PI ranged between 
$28.70 and $201.00 depending on the region (China) [23].

These estimates often had wide confidence intervals 
and sensitivity analyses which indicated a wide range of 
possible ICERs depending on characteristics including 

Fig. 1 PRISMA flow diagram of included studies. Abbreviations: LMIC, low- and middle-income countries; RSV, respiratory syncytial virus
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intervention efficacy and price. As seen in Fig.  2, the 
assumed intervention efficacy, intervention cost, and 
duration of protection were different among all studies, 
except for palivizumab, which has a more clearly dem-
onstrated real-world effectiveness than the other inter-
vention types.

Figure  2 illustrates the ICER result of each study by 
the outcome measure and which intervention was 
evaluated. For comparison, the figure also includes the 
GDP per capita of each study setting, which can be con-
sidered a reference for a threshold in determining cost-
effectiveness [43]. CEA estimates across all outcome 
measures are higher than the GDP per capita thresh-
old in almost all cases. Applying a WTP threshold of 
1 × GDP per capita per DALY averted (to the ICER 
estimates in DALYs only), nearly all study results are 
deemed to not be cost-effective. The exception is the 
study by Baral et al. (2021) whose modelling approach 
found that overall in LMICs, both maternal immuni-
sation and long-acting mAb would be cost-effective 
[28]. However, applying other WTP thresholds such as 
3 × GDP per capita could lead to a higher number of 

these included studies concluding that the evaluated 
interventions are cost-effective.

Cost‑of‑illness
The estimated cost-of-illness for RSV also varied widely. 
Five of the studies estimated both direct and indirect 
costs, one study also estimated direct non-medical costs, 
and all ten estimated direct medical costs per episode. 
Direct costs typically included room charges, medica-
tions, consumables, diagnostics, and consult services. 
Direct non-medical costs included costs incurred by 
households in transportation and subsistence, and indi-
rect costs included lost productivity in wages of the 
child’s caretaker during the RSV episode.

Among studies measuring outpatient care, cost esti-
mates for direct costs per illness episode were $9.77 
(Malawi) [38] and $665 (Thailand) [33] and correspond-
ing estimates for indirect costs were $11.02 (Malawi) 
and $1074 (Thailand). For mild RSV cases or cases seen 
in the health facility ward, direct costs per episode 
were $805 (China) [36], $469 (Colombia) [25], $579 
(Colombia) [37], and $358 (Malaysia) [32]. Indirect 

Fig. 2 Findings from cost-effectiveness studies. Notes:  + Study reports results in two subgroups: infants born at < 29 weeks ($19,307) vs. born 
29–32 weeks (22,863); ++ Study reports results in four subgroups: those without BPD and with siblings ($10,456), those with BPD and with 
siblings ($16,837), those with BPD and without siblings ($34,088), and those without BPD and without siblings ($71,226). Currency is reported in 
2020 USD. Abbreviations: BPD, bronchopulmonary dysplasia; DALY, disability-adjusted life year; GDP, gross domestic product; ICER, incremental 
cost-effectiveness ratio; LIC, low-income country; LMIC, low- and middle-income countries; mAb, Long-acting monoclonal antibody; MI, maternal 
immunisation; NR, not reported; PI, paediatric immunisation; PVZ, pavilizumab; QALY, quality-adjusted life year; UMIC, upper-middle-income 
country; USD, United States dollars
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costs per episode were reported to be $681 (Colom-
bia) [37]. For severe RSV cases in the intensive care 
unit cost per episode ranged from $92 (Malawi) [38] to 
$4,114 (Malaysia) [32]. One study in Mexico estimated 
cost-per-illness episodes to be $6922 [40], however, it 
should be noted these estimates were specifically for 
nosocomial RSV infection which may have different 
cost characteristics than the other studies, which evalu-
ated community-acquired RSV cases. Another study 
in Malaysia [32] compared the cost of care among full-
term infants vs. pre-term infants, which are included in 
the “ward” and “ICU” categories, respectively, for com-
parison by disease severity. These estimates are sum-
marised in Fig. 3.

Eight of the ten COI studies provided further granular 
data on components of the direct medical costs. Direct 
cost per hospitalisation was driven by a variety of cost 
components, with the largest drivers often being room 
charges, diagnostics, and medications. In the study eval-
uating outpatient RSV, the largest cost component was 
diagnostics. In the four studies evaluating mild, ward-
attended RSV, the largest cost drivers were room charges 
[25, 37], medications [36], and diagnostics [32]. The 
main driver of ICU-attended RSV illness costs was room 
charges [25, 34, 39], followed by medications [36], diag-
nostics [38], consults [40], and others [32]. Sub-compo-
nents of direct costs were not available for Bhuket et al. 
[33] and Bhuiyan et al. [35]. These data are summarised 
in Additional File 4.

Discussion
Among the cost-effectiveness analyses, there was a wide 
range of estimated ICERs. Generally, the ICERs for 
hypothetical MI or long-acting mAb are lower (more 
favourable) than for analyses of the existing short-acting 
mAb product palivizumab. However, when comparing 
ICERs to the threshold of 1 GDP per capita in each study 
setting, it is unclear whether MI or long-acting mAbs 
will be broadly cost-effective. Cost-effectiveness analyses 
to date rely heavily on efficacy assumptions and imple-
mentation setting; as such the available estimates and 
sensitivity analyses encompass a wide range of possible 
conclusions about the cost-effectiveness of RSV inter-
ventions. As more precise data on intervention efficacy 
and duration of protection become available from ongo-
ing clinical trials for new long-acting mAb and maternal 
vaccine products, it would allow more accurate inputs 
for ICER estimation and relative value conclusions in 
future CEAs.

There were several gaps identified in the available CEA 
evidence. Only three studies were conducted in low-
income or lower-middle-income country settings, while 
the rest were in upper-middle-income countries. More 
evidence is needed to inform implementation decisions 
on future adoption of RSV prevention products in these 
countries. Studies from HICs may still be informative for 
decision-making as components of a larger package of 
evidence but are not sufficient. Additionally, CEAs were 
primarily conducted to evaluate palivizumab, with only 

Fig. 3 Findings from cost-of-illness studies. Notes: + Comparison groups are for full-term infants vs. pre-term infants, which are included in the 
Ward and ICU categories, respectively, for comparison by disease severity; # Study evaluates the cost of nosocomial RSV infections. Currency is 
reported in 2020 USD. Abbreviations: COI, cost-of-illness; ICU, intensive care unit; LIC, low-income country; LMIC, low- and middle-income country; 
NR, not reported; UMIC, upper-middle-income country; USD, United States dollars



Page 11 of 14Wittenauer et al. BMC Medicine          (2023) 21:121  

four studies evaluating hypothetical administration of 
future vaccines or long-acting mAb products. The iden-
tified CEAs primarily quantify direct medical costs and 
near-term health effects. Of note, clinical trials have 
shown RSV products to offer protection against non-RSV 
LRTI [44]. These potential additional benefits, which 
are not incorporated in current cost-effectiveness analy-
ses, would imply the value of these products is currently 
under-estimated in preventing the LRTI disease burden. 
Furthermore, RSV has distinct seasonality in many coun-
tries, and provision of RSV interventions in the seasonal 
transmission settings likely has an important impact on 
its cost-effectiveness which is an area for future research 
in LMICs.

Estimates of cost-of-illness also varied widely across 
studies. There is a wide range of direct medical costs per 
episode for RSV—for severe RSV, the estimates ranged 
from $92 in Malawi (Baral et  al.) to $4114 in Malaysia 
(Chan et al.). Relative to the household income or GDP 
per capita in each of these study settings, RSV represents 
a meaningful financial burden for families and medical 
systems. While only two COI studies were identified 
that reported cost-of-illness in the context of house-
hold costs, they found RSV episodes leading to sub-
stantial economic burden: accounting for roughly 24% 
[35] or 37% [38] of their monthly household income. A 
recent systematic review of RSV models by Zhang et al. 
[17], which included studies conducted in high-income 
countries in addition to LMICs, also concluded that 
RSV “imposed a substantial economic burden on health 
systems, governments, and society,” which is in align-
ment with our findings from this LMIC-specific review. 
Despite the addition of multiple recent studies to the lit-
erature, a large gap in understanding remains regarding 
the financial consequences of RSV episodes in children 
in LMICs specifically.

In high-income countries, evidence also points to a 
substantial cost-of-illness burden. A systematic review 
by Zhang et  al. [17] of the cost of RSV globally found 
that the mean cost per inpatient for RSV management 
exceeded the total healthcare expenditure per capita in 
most OECD (Organisation for Economic Co-operation 
and Development) countries. Of the 41 articles identi-
fied in this review, none were from low-income coun-
tries, though it noted that inpatient medical costs were 
higher in middle-income countries than in high-income 
countries, perhaps due to different thresholds for hospi-
talisation or the different economic environments [17]. 
Costs were heterogeneous between included studies, 
which all applied varying methodologies and examined 
different subgroups of patients, further highlighting the 
need for improved evidence on cost of RSV manage-
ment even in high-income countries. However, the high 

cost-of-illness burden is apparent and consistent even 
among high-income and middle-income countries in 
this review. Evidence on the cost-effectiveness of RSV 
interventions in HICs also varies by country setting; 
however, evidence suggests that, despite its high-cost 
and moderate efficacy, palivizumab is a cost-effective 
prevention option in settings with a WTP threshold. A 
review by Mac et al. [8] found that ICERs ranged from 
$5188 to $791,000 per QALY, though 90% of the 28 
included study results were below a WTP of US$50,000 
per QALY. However, that high of a WTP threshold is 
not acceptable in resource-constrained settings.

Implications for future studies
The review identified several areas which would ben-
efit from future study. For both categories of studies, 
CEA and COI, only two were conducted in countries 
in the lowest income tier, and evidence of interven-
tion efficacy and costs in these specific settings will be 
needed to inform future product adoptions in those 
settings. Further, both CEA and COI analyses were 
often limited to a short time horizon and direct medi-
cal costs, excluding broader societal and longer-term 
costs and benefits. Broader implications of RSV dis-
ease burden and its preventive measures have been 
noted in the literature, for example, the possible link-
ages between childhood RSV and onset of asthma and 
recurrent wheeze in later years [44], potential of pro-
tective effectiveness of RSV interventions against other 
ALRI [44], and the reduction in antibiotic prescription 
and use among children vaccinated against RSV [45]. 
Further, the societal costs of death due to RSV in young 
children are not included when only considering the 
direct medical costs of RSV, and the majority of RSV-
associated deaths occur in LMICs [2]. While evidence 
on treatment seeking specifically for RSV-associated 
conditions in LMICs is quite limited, some evidence 
indicates that the proportion of outpatient acute res-
piratory infection presentation is higher in HICs, per-
haps due to different healthcare system access and 
utilisation behaviours [46], but that RSV hospitalisa-
tion rates are similar to those of higher-income coun-
tries, indicating the high potential of an RSV vaccine 
[47]. Additionally, the percentage of children under 
5  years of age who sought care for pneumonia symp-
toms, a close proxy for RSV treatment seeking, varies 
widely by country income level and region and may 
be as low as 40% in West and Central Africa [48]. The 
lack of inclusion of these types of costs, benefits, and 
LMIC-specific healthcare system characteristics in 
existing studies implies that the estimates described in 
this review are underestimates of the total RSV health 



Page 12 of 14Wittenauer et al. BMC Medicine          (2023) 21:121 

and economic burden from the patient and societal 
perspective. Future studies should consider these 
potential effects to gain a comprehensive understand-
ing of the value of RSV prevention interventions.

Strengths and limitations
This systematic review offers several strengths. It is the 
most comprehensive review to date of the economic 
burden of RSV specific to LMICs: while previous cost-
of-illness and cost-effectiveness reviews have included 
some of the same studies in their findings, the majority 
of included evidence and perspectives in those reviews 
was from high-income countries [6, 17]. This review 
specifically focuses on illuminating the evidence gaps 
in LMICs, where the RSV burden is greatest [2, 4, 5]. 
The process of article identification and review fol-
lowed PRISMA best practices for conduct and report-
ing of systematic reviews. Two authors independently 
reviewed the database search results for inclusion in 
the review, strengthening the reliability and repeat-
ability of this study. This search also used a broad range 
of keyword terms to capture the economic value and 
included more than two decades of articles in the scope 
of the search to bolster the comprehensiveness of the 
review.

There are also several limitations to this review. First, 
this review was limited to evaluations specifically con-
ducted on RSV and RSV interventions. It is possible 
there are studies providing relevant cost-of-illness 
for hospitalisation with LRTI that, while not specific 
to RSV, may still be informative estimates that would 
strengthen the value case for RSV illness prevention. 
Second, most of the COI studies evaluated cost-per-
hospitalisation, and thus do not measure the direct and 
indirect costs of home-attended mild RSV, which may 
still have economic and productivity costs for families of 
mildly ill children. Lastly, search terms were limited to 
English-only studies, which is not the official language 
of many LMICs and may have excluded relevant evi-
dence for inclusion in this study.

Conclusion
Several recent studies have evaluated the economic bur-
den of RSV and the potential economic impact of RSV 
prevention interventions in low- and middle-income 
countries. The cost of RSV presents a significant burden 
in terms of medical costs when taken in the context of 
local GDP per capita. However, important evidence gaps 
remain regarding the economic value of new RSV pre-
vention interventions, specifically in low-income settings. 
In aggregate, evidence to date is uncertain as to whether 
existing and late-stage-development interventions will be 

cost-effective in these settings. Additional studies should 
incorporate the latest disease burden data, interven-
tion characteristics and data specific to LMICs to inform 
adoption decisions for these new interventions.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 023- 02792-z.

Additional file 1. Search keywords. This file lists all search terms that 
were used to search Embase, MEDLINE, and Global Index Medicus via the 
Embase search interface. The three components of the search terms were 
groups of terms related to each topic: “RSV”, “Economics”, and “Low and 
middle income countries”.

Additional file 2. Article quality checklists. Table S3.1. This table sum-
marizes the quality score of each evaluated cost-effectiveness analysis 
article for inclusion, using the Drummond checklist. Table S3.2. This table 
summarizes the quality score of each evaluated cost-of-illness article for 
inclusion, using the Drummond checklist.

Additional file 3. PRISMA Checklist. This file outlines each item on 
the 2020 PRISMA Checklist and notes where it can be found in this 
manuscript.

Additional file 4. Components of direct medical costs. This file illustrates 
the categories of direct medical costs which comprise the total direct 
medical costs, including room charges, consumables, diagnostics, medica-
tions, consults, and services.

Acknowledgements
Not applicable.

Registration and protocol
This systematic review was not registered and a protocol was not prepared.

Authors’ contributions
RB and CP conceptualised the study and analysis and provided a meaningful 
review. RW led the conduct of the analysis and first draft of the manuscript. RB 
supervised the analysis and synthesis of results. All authors read and approved 
the final draft for publication.

Funding
This work was supported, in whole or in part, by the Bill & Melinda Gates 
Foundation, Seattle, WA (OPP1088264). Under the grant conditions of 
the Foundation, a Creative Commons Attribution 4.0 Generic License has 
already been assigned to the Author Accepted Manuscript version that 
might arise from this submission. The findings and conclusions therein are 
those of the authors and do not necessarily reflect the positions or policies 
of the Foundation.
The funding source had no role in the design or analysis of this study.

Availability of data and materials
All data relevant to the study are included in the article or uploaded as addi-
tional files. Additional template data extraction forms are available from the 
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Approval from an ethics board was not required for this study as no human or 
animal subjects were involved in data collection or analysis.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

https://doi.org/10.1186/s12916-023-02792-z
https://doi.org/10.1186/s12916-023-02792-z


Page 13 of 14Wittenauer et al. BMC Medicine          (2023) 21:121  

Received: 30 May 2022   Accepted: 17 August 2022

References
 1. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA, Singleton RJ, et al. 

Global burden of acute lower respiratory infections due to respiratory 
syncytial virus in young children: a systematic review and meta-analysis. 
Lancet. 2010;375:1545–55. https:// doi. org/ 10. 1016/ S0140- 6736(10) 
60206-1.

 2. Li Y, Wang X, Blau DM, Caballero MT, Feikin DR, Gill CJ, et al. Global, 
regional, and national disease burden estimates of acute lower respira-
tory infections due to respiratory syncytial virus in children younger than 
5 years in 2019: a systematic analysis. Lancet. 2022;399:2047–64. https:// 
doi. org/ 10. 1016/ S0140- 6736(22) 00478-0.

 3. Troeger C, Blacker B, Khalil IA, Rao PC, Cao J, Zimsen SRM, et al. Esti-
mates of the global, regional, and national morbidity, mortality, and 
aetiologies of lower respiratory infections in 195 countries, 1990–2016: 
a systematic analysis for the Global Burden of Disease Study 2016. 
Lancet Infect Dis. 2018;18:1191–210. https:// doi. org/ 10. 1016/ S1473- 
3099(18) 30310-4/ ATTAC HMENT/ 2D345 E43- 7661- 476D- 89A4- 0EDC7 
D913C 4C/ MMC1. PDF.

 4. Shi T, McAllister DA, O’Brien KL, Simoes EAF, Madhi SA, Gessner BD, et al. 
Global, regional, and national disease burden estimates of acute lower 
respiratory infections due to respiratory syncytial virus in young children 
in 2015: a systematic review and modelling study. Lancet. 2017;390:946–
58. https:// doi. org/ 10. 1016/ S0140- 6736(17) 30938-8.

 5. Li X, Willem L, Antillon M, Bilcke J, Jit M, Beutels P. Health and economic 
burden of respiratory syncytial virus (RSV) disease and the cost-effective-
ness of potential interventions against RSV among children under 5 years 
in 72 Gavi-eligible countries. BMC Med. 2020;18:1–16. https:// doi. org/ 10. 
1186/ s12916- 020- 01537-6.

 6. Mezei A, Cohen J, Renwick MJ, Atwell J, Portnoy A. Mathematical model-
ling of respiratory syncytial virus (RSV) in low- and middle-income coun-
tries: A systematic review. Epidemics. 2021;35:100444. https:// doi. org/ 10. 
1016/j. epidem. 2021. 100444.

 7. “The IMpact-RSV Study Group.” Palivizumab, a humanized respiratory syn-
cytial virus monoclonal antibody, reduces hospitalization from respiratory 
syncytial virus infection in high-risk infants. The IMpact-RSV Study Group. 
n.d. https:// www- proqu est- com. offca mpus. lib. washi ngton. edu/ docvi ew/ 
73889 430/ 83D76 EEA4A D943F 1PQ/1? accou ntid= 14784 . (Accessed 14 
May 2022).

 8. Mac S, Sumner A, Duchesne-Belanger S, Stirling R, Tunis M, Sander B. 
Cost-effectiveness of Palivizumab for Respiratory Syncytial Virus: A sys-
tematic review. Pediatrics. 2019;143:20184064. https:// doi. org/ 10. 1542/ 
PEDS. 2018- 4064/ 37100.

 9. RSV Vaccine and mAb Snapshot. PATH. Seattle. Available from: https:// 
www. path. org/ resou rces/ rsv- vacci ne- and- mab- snaps hot/. Accessed 3 
Jan 2023.

 10. Pfizer, GSK present dueling maternal vaccine data in RSV, as an analyst 
predicts “the year of RSV” is ahead | FierceBiotech n.d. https:// www. fierc 
ebiot ech. com/ biote ch/ year- rsv- ahead- as- pfizer- gsk- prese nt- dueli ng- 
mater nal- vax- data. (Accessed 11 Jan 2022).

 11. A Phase 2B Placebo-controlled, Randomized Study of a Respiratory Syncytial 
Virus (RSV) Vaccine in Pregnant Women - ClinicalTrials.gov 2021. https:// clini 
caltr ials. gov/ ct2/ show/ study/ NCT04 032093. (Accessed 11 Jan 2022).

 12. A Study to Evaluate the Safety and Efficacy of MEDI8897 for the Preven-
tion of Medically Attended RSV LRTI in Healthy Late Preterm and Term 
Infants - Full Text View - ClinicalTrials.gov n.d. https:// clini caltr ials. gov/ ct2/ 
show/ NCT03 979313? term= NCT03 97931 3& draw= 2& rank=1. (Accessed 
4 Dec 2021).

 13. Voirin N, Virlogeux V, Demont C, Kieffer A. Potential impact of Nirsevimab 
on RSV transmission and medically attended lower respiratory tract 
illness Caused by RSV: a disease transmission model. Infect Dis Ther. 
2021;2021:1–16. https:// doi. org/ 10. 1007/ S40121- 021- 00566-9.

 14. Hammitt LL, Dagan R, Yuan Y, et al. Nirsevimab for Prevention of RSV in 
Healthy Late-Preterm and Term Infants. N Engl J Med. 2022;386(9):837–46.

 15. Nirsevimab demonstrated protection against respiratory syncytial virus 
disease in healthy infants in Phase 3 trial - Sanofi 2021. https:// www. 

sanofi. com/ en/ media- room/ press- relea ses/ 2021/ 2021- 04- 26- 08- 00- 00- 
22164 74. (Accessed 27 Jan 2022).

 16. Li X, Mukandavire C, Cucunubá ZM, Echeverria Londono S, Abbas K, 
Clapham HE, et al. Estimating the health impact of vaccination against 
ten pathogens in 98 low-income and middle-income countries from 
2000 to 2030: a modelling study. Lancet. 2021;397:398–408. https:// doi. 
org/ 10. 1016/ S0140- 6736(20) 32657-X.

 17. Zhang S, Akmar LZ, Bailey F, Rath BA, Alchikh M, Schweiger B, et al. Cost 
of respiratory syncytial virus-associated acute lower respiratory infection 
management in young children at the regional and global level: a sys-
tematic review and meta-analysis. J Infect Dis. 2020;222:S680–7. https:// 
doi. org/ 10. 1093/ INFDIS/ JIZ683.

 18. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. BMJ. 
2009;339:332–6. https:// doi. org/ 10. 1136/ BMJ. B2535.

 19. Page MJ, Mckenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews n.d. https:// doi. org/ 10. 1136/ bmj. n71.

 20. World Bank Country and Lending Groups – World Bank Data Help Desk 
n.d. https:// datah elpde sk. world bank. org/ knowl edgeb ase/ artic les/ 906519- 
world- bank- count ry- and- lendi ng- groups. (Accessed 14 May 2022).

 21. World Health Organization. WHO Guide on Standardization of Economic 
Evaluations of Immunization Programmes. 2019.

 22. Turner HC, Lauer JA, Tran BX, Teerawattananon Y, Jit M. Adjusting for infla-
tion and currency changes within health economic studies. Value Heal. 
2019;22:1026–32. https:// doi. org/ 10. 1016/J. JVAL. 2019. 03. 021.

 23. Liu D, Leung K, Jit M, Wu JT. Cost-effectiveness of strategies for prevent-
ing paediatric lower respiratory infections associated with respiratory 
syncytial virus in eight Chinese cities. Vaccine. 2021;39:5490–8. https:// 
doi. org/ 10. 1016/J. VACCI NE. 2021. 08. 057.

 24. Treskova M, Pozo-Martin F, Scholz S, Schönfeld V, Wichmann O, Harder 
T. Assessment of the effects of active immunisation against Respira-
tory Syncytial Virus (RSV) using decision-analytic models: a systematic 
review with a focus on vaccination strategies modelling methods and 
input data. Pharmacoeconomics. 2021;39:287. https:// doi. org/ 10. 1007/ 
S40273- 020- 00991-7.

 25. Rodriguez-Martinez CE, Sossa-Briceño MP, Castro-Rodriguez JA. Direct 
medical costs of RSV-related bronchiolitis hospitalizations in a middle-
income tropical country. Allergol Immunopathol (Madr). 2020;48:56–61. 
https:// doi. org/ 10. 1016/j. aller. 2019. 04. 004.

 26. Fariña D, Rodríguez SP, Bauer G, Novali L, Bouzas L, González H, et al. Res-
piratory syncytial virus prophylaxis: cost-effective analysis in Argentina. 
Pediatr Infect Dis J. 2002;21:287–91. https:// doi. org/ 10. 1097/ 00006 454- 
20020 4000- 00006.

 27. Laufer RS, Driscoll AJ, Baral R, Buchwald AG, Campbell JD, Coulibaly F, 
et al. Cost-effectiveness of infant respiratory syncytial virus preventive 
interventions in Mali : a modeling study to inform policy and investment 
decisions. Vaccine. 2021. https:// doi. org/ 10. 1016/j. vacci ne. 2021. 06. 086.

 28. Baral R, Higgins D, Regan K, Pecenka C. Impact and cost-effectiveness 
of potential interventions against infant respiratory syncytial virus (RSV) 
in 131 low-income and middle-income countries using a static cohort 
model. BMJ Open. 2021;11:46563. https:// doi. org/ 10. 1136/ bmjop 
en- 2020- 046563.

 29. Salinas-Escudero G, Martínez-Valverde S, Reyes-López A, Garduño-Espi-
nosa J, Muñoz-Hernández O, Granados-García V, et al. Cost-effectiveness 
analysis of the use of palivizumab in the prophylaxis of preterm patients 
in Mexico. Salud Publica Mex. 2012;54:47–59. https:// doi. org/ 10. 1590/ 
S0036- 36342 01200 01000 07.

 30. Öncel MY, Mutlu B, Kavurt S, Baş AY, Demirel N, Akyol M, et al. Respiratory 
syncytial virus prophylaxis in preterm infants: a cost-effectiveness study 
from Turkey. Turk J Pediatr. 2012;54:344–51.

 31. Pouwels KB, Bozdemir SE, Yegenoglu S, Celebi S, McIntosh ED, Unal S, 
et al. Potential cost-effectiveness of RSV vaccination of infants and preg-
nant women in Turkey: an illustration based on bursa data. PLoS ONE. 
2016;11:1–15. https:// doi. org/ 10. 1371/ journ al. pone. 01635 67.

 32. Chan PWK, Abdel-Latif MEA. Cost of hospitalization for respiratory syncyt-
ial virus chest infection and implications for passive immunization strate-
gies in a developing nation. Acta Paediatr Int J Paediatr. 2003;92:481–5. 
https:// doi. org/ 10. 1111/j. 1651- 2227. 2003. tb005 82.x.

 33. Rattanadilok Na Bhuket T, Nawanoparatkul S, Suwanjutha S, Teeyapai-
boonsilpa P. Economic burden in management of acute lower respiratory 

https://doi.org/10.1016/S0140-6736(10)60206-1
https://doi.org/10.1016/S0140-6736(10)60206-1
https://doi.org/10.1016/S0140-6736(22)00478-0
https://doi.org/10.1016/S0140-6736(22)00478-0
https://doi.org/10.1016/S1473-3099(18)30310-4/ATTACHMENT/2D345E43-7661-476D-89A4-0EDC7D913C4C/MMC1.PDF
https://doi.org/10.1016/S1473-3099(18)30310-4/ATTACHMENT/2D345E43-7661-476D-89A4-0EDC7D913C4C/MMC1.PDF
https://doi.org/10.1016/S1473-3099(18)30310-4/ATTACHMENT/2D345E43-7661-476D-89A4-0EDC7D913C4C/MMC1.PDF
https://doi.org/10.1016/S0140-6736(17)30938-8
https://doi.org/10.1186/s12916-020-01537-6
https://doi.org/10.1186/s12916-020-01537-6
https://doi.org/10.1016/j.epidem.2021.100444
https://doi.org/10.1016/j.epidem.2021.100444
https://www-proquest-com.offcampus.lib.washington.edu/docview/73889430/83D76EEA4AD943F1PQ/1?accountid=14784
https://www-proquest-com.offcampus.lib.washington.edu/docview/73889430/83D76EEA4AD943F1PQ/1?accountid=14784
https://doi.org/10.1542/PEDS.2018-4064/37100
https://doi.org/10.1542/PEDS.2018-4064/37100
https://www.path.org/resources/rsv-vaccine-and-mab-snapshot/
https://www.path.org/resources/rsv-vaccine-and-mab-snapshot/
https://www.fiercebiotech.com/biotech/year-rsv-ahead-as-pfizer-gsk-present-dueling-maternal-vax-data
https://www.fiercebiotech.com/biotech/year-rsv-ahead-as-pfizer-gsk-present-dueling-maternal-vax-data
https://www.fiercebiotech.com/biotech/year-rsv-ahead-as-pfizer-gsk-present-dueling-maternal-vax-data
https://clinicaltrials.gov/ct2/show/study/NCT04032093
https://clinicaltrials.gov/ct2/show/study/NCT04032093
https://clinicaltrials.gov/ct2/show/NCT03979313?term=NCT03979313&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT03979313?term=NCT03979313&draw=2&rank=1
https://doi.org/10.1007/S40121-021-00566-9
https://www.sanofi.com/en/media-room/press-releases/2021/2021-04-26-08-00-00-2216474
https://www.sanofi.com/en/media-room/press-releases/2021/2021-04-26-08-00-00-2216474
https://www.sanofi.com/en/media-room/press-releases/2021/2021-04-26-08-00-00-2216474
https://doi.org/10.1016/S0140-6736(20)32657-X
https://doi.org/10.1016/S0140-6736(20)32657-X
https://doi.org/10.1093/INFDIS/JIZ683
https://doi.org/10.1093/INFDIS/JIZ683
https://doi.org/10.1136/BMJ.B2535
https://doi.org/10.1136/bmj.n71
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.1016/J.JVAL.2019.03.021
https://doi.org/10.1016/J.VACCINE.2021.08.057
https://doi.org/10.1016/J.VACCINE.2021.08.057
https://doi.org/10.1007/S40273-020-00991-7
https://doi.org/10.1007/S40273-020-00991-7
https://doi.org/10.1016/j.aller.2019.04.004
https://doi.org/10.1097/00006454-200204000-00006
https://doi.org/10.1097/00006454-200204000-00006
https://doi.org/10.1016/j.vaccine.2021.06.086
https://doi.org/10.1136/bmjopen-2020-046563
https://doi.org/10.1136/bmjopen-2020-046563
https://doi.org/10.1590/S0036-36342012000100007
https://doi.org/10.1590/S0036-36342012000100007
https://doi.org/10.1371/journal.pone.0163567
https://doi.org/10.1111/j.1651-2227.2003.tb00582.x


Page 14 of 14Wittenauer et al. BMC Medicine          (2023) 21:121 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

infection, patients’ perspective: a case study of Takhli District Hospital. J 
Med Assoc Thai. 2002;85 Suppl 4:S1241–5.

 34. Marcone DN, Durand LO, Azziz-Baumgartner E, Vidaurreta S, Ekstrom J, 
Carballal G, et al. Incidence of viral respiratory infections in a prospective 
cohort of outpatient and hospitalized children aged ≤5 years and its 
associated cost in Buenos Aires. Argentina BMC Infect Dis. 2015;15:1–9. 
https:// doi. org/ 10. 1186/ s12879- 015- 1213-4.

 35. Bhuiyan MU, Luby SP, Alamgir NI, Homaira N, Sturm-Ramirez K, Gurley 
ES, et al. Costs of hospitalization with respiratory syncytial virus illness 
among children aged < 5 years and the financial impact on households 
in Bangladesh, 2010. J Glob Health. 2017;7:1–9. https:// doi. org/ 10. 7189/ 
jogh. 07. 010412.

 36. Zhang T, Zhu Q, Zhang X, Ding Y, Steinhoff M, Black S, et al. Clinical 
characteristics and direct medical cost of respiratory syncytial virus 
infection in children hospitalized in Suzhou. China Pediatr Infect Dis J. 
2014;33:337–41. https:// doi. org/ 10. 1097/ INF. 00000 00000 000102.

 37. Buendía JA, Patiño DG. Costs of respiratory syncytial virus hospitalizations 
in Colombia. PharmacoEcon-Open. 2021;5:71–6. https:// doi. org/ 10. 1007/ 
s41669- 020- 00218-7.

 38. Baral R, Mambule I, Vodicka E, French N, Everett D, Pecenka C, et al. 
Estimating the economic impact of respiratory syncytial virus and other 
acute respiratory infections among infants receiving care at a referral 
hospital in Malawi. J Pediatric Infect Dis Soc. 2020;9:738–45. https:// doi. 
org/ 10. 1093/ jpids/ piaa1 57.

 39. Sam IC, Ahmad Jaafar N, Wong LP, Nathan AM, de Bruyne JA, Chan 
YF. Socioeconomic costs of children <5 years hospitalised with acute 
respiratory infections in Kuala Lumpur Malaysia. Vaccine. 2021;39:2983–8. 
https:// doi. org/ 10. 1016/j. vacci ne. 2021. 04. 010.

 40. Comas-García A, Aguilera-Martínez JI, Escalante-Padrón FJ, Lima-Rogel 
V, Gutierrez-Mendoza LM, Noyola DE. Clinical impact and direct costs of 
nosocomial respiratory syncytial virus infections in the neonatal intensive 
care unit. Am J Infect Control. 2020;48:982–6. https:// doi. org/ 10. 1016/j. 
ajic. 2020. 04. 009.

 41. Rodriguez SP, M, GBM. Respiratory Syncytial Virus Prophylaxis in a High-
Risk Population in Argentina. Pediatr Infect Dis J. 2008;27(7):653–54.

 42. Gavi: The Vaccine Alliance. Eligibility 2018. https:// www. gavi. org/ types- 
suppo rt/ susta inabi lity/ eligi bility. (Accessed 30 May 2022).

 43. Leech AA, Kim DD, Cohen JT, Neumann PJ. Use and misuse of cost-
effectiveness analysis thresholds in low- and middle-income countries: 
trends in cost-per-DALY studies. Value Heal. 2018;21:759. https:// doi. org/ 
10. 1016/J. JVAL. 2017. 12. 016.

 44. Madhi SA, Polack FP, Piedra PA, Munoz FM, Trenholme AA, Simões EAF, 
et al. Respiratory syncytial virus vaccination during pregnancy and effects 
in Infants. N Engl J Med. 2020;383:426–39. https:// doi. org/ 10. 1056/ 
NEJMO A1908 380/ SUPPL_ FILE/ NEJMO A1908 380_ DATA- SHARI NG. PDF.

 45. Lewnard JA, Hanage WP. Making sense of differences in pneumococcal 
serotype replacement. Lancet Infect Dis. 2019;19:e213–20. https:// doi. 
org/ 10. 1016/ S1473- 3099(18) 30660-1.

 46. Okiro EA, Ngama M, Bett A, Nokes DJ. The incidence and clinical burden 
of respiratory syncytial virus disease identified through hospital outpa-
tient presentations in Kenyan children. PLoS One. 2012;7:e52520. https:// 
doi. org/ 10. 1371/ JOURN AL. PONE. 00525 20.

 47. Nokes DJ, Ngama M, Bett A, Abwao J, Munywoki P, English M, et al. 
Incidence and severity of respiratory syncytial virus pneumonia in rural 
kenyan children identified through hospital surveillance. Clin Infect Dis. 
2009;49:1341–9. https:// doi. org/ 10. 1086/ 606055/ 2/ 49-9- 1341- TBL004. GIF.

 48. UNICEF. UNICEF State of The World’s Children 2016. 2016. p. 129.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12879-015-1213-4
https://doi.org/10.7189/jogh.07.010412
https://doi.org/10.7189/jogh.07.010412
https://doi.org/10.1097/INF.0000000000000102
https://doi.org/10.1007/s41669-020-00218-7
https://doi.org/10.1007/s41669-020-00218-7
https://doi.org/10.1093/jpids/piaa157
https://doi.org/10.1093/jpids/piaa157
https://doi.org/10.1016/j.vaccine.2021.04.010
https://doi.org/10.1016/j.ajic.2020.04.009
https://doi.org/10.1016/j.ajic.2020.04.009
https://www.gavi.org/types-support/sustainability/eligibility
https://www.gavi.org/types-support/sustainability/eligibility
https://doi.org/10.1016/J.JVAL.2017.12.016
https://doi.org/10.1016/J.JVAL.2017.12.016
https://doi.org/10.1056/NEJMOA1908380/SUPPL_FILE/NEJMOA1908380_DATA-SHARING.PDF
https://doi.org/10.1056/NEJMOA1908380/SUPPL_FILE/NEJMOA1908380_DATA-SHARING.PDF
https://doi.org/10.1016/S1473-3099(18)30660-1
https://doi.org/10.1016/S1473-3099(18)30660-1
https://doi.org/10.1371/JOURNAL.PONE.0052520
https://doi.org/10.1371/JOURNAL.PONE.0052520
https://doi.org/10.1086/606055/2/49-9-1341-TBL004.GIF

	Cost of childhood RSV management and cost-effectiveness of RSV interventions: a systematic review from a low- and middle-income country perspective
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Study selection
	Characteristics of Included Studies
	Findings from included studies
	Cost-effectiveness
	Cost-of-illness


	Discussion
	Implications for future studies
	Strengths and limitations

	Conclusion
	Anchor 19
	Acknowledgements
	References


