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Nosocomial RSV-related In-hospital Mortality in Children  
<5 Years

A Global Case Series
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Background: According to the World Health Organization, the global burden 
of nosocomial infections is poorly characterized as surveillance systems are 
lacking. Nosocomial infections occur at higher rates in low- and lower-mid-
dle-income countries (LMICs) than in high-income countries (HICs). Current 
global RSV burden estimates are largely based on community-acquired infec-
tion. We aimed to characterize children with nosocomial RSV-related mortal-
ity and to understand the potential impact of RSV immunization strategies.
Materials: RSV GOLD is a global registry of children younger than 5 years 
who died with laboratory-confirmed RSV infection. We compared clinical 
and demographic characteristics of children with nosocomial and commu-
nity-acquired RSV in-hospital mortality.
Results: We included 231 nosocomial and 931 community-acquired RSV-
related in-hospital from deaths from 65 countries. Age at death was simi-
lar for both groups (5.4 vs. 6 months). A higher proportion of nosocomial 

deaths had comorbidities (87% vs. 57%; P < 0.001) or was born preterm 
(46% vs. 24%; P < 0.001) than community-acquired deaths. The proportion 
of nosocomial deaths among all RSV deaths was lower in LMICs than in 
upper-middle-income countries (UMICs) and HICs (12% vs. 18% and 26%, 
respectively).
Conclusions: This is the first global case series of children dying with 
nosocomial RSV infection. Future infant-targeted immunization strategies 
could prevent the majority of nosocomial RSV-related deaths. Although 
nosocomial RSV deaths are expected to occur at highest rates in LMICs, 
the number of reported nosocomial RSV deaths was low in these countries. 
Hospital-based surveillance is needed to capture the full burden of nosoco-
mial RSV mortality in LMICs.
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INTRODUCTION
Respiratory syncytial virus (RSV) is a major cause of lower 

respiratory tract infection (LRTI) and LRTI-related death in young 
children.1 In 2015, the overall RSV mortality burden was estimated 
at 118,200 annual deaths in children younger than 5 years of age 
worldwide.2 These global burden estimates are largely based on 
community-acquired RSV-related deaths because of the paucity of 
data on healthcare-associated or nosocomial RSV-related mortality. 
According to the World Health Organization (WHO), the burden 
of nosocomial infections is poorly characterized in LMICs as sur-
veillance systems are lacking.3 Nevertheless, available data show 
that the burden of nosocomial infections is significantly higher in 
low- and middle-income countries (LMICs) compared with high-
income countries (HICs).4 Furthermore, RSV has been reported as 
the most important viral cause of nosocomial LRTI in children.5–8

The proportional contribution of nosocomial RSV mortal-
ity to the global RSV mortality burden is expected to be substan-
tial, as nosocomial RSV infection is generally more severe than 
community-acquired RSV infection.9–11 Currently, several RSV 
vaccine candidates and monoclonal antibodies are in late phase 
clinical development.12 To identify vaccine target populations and 
to estimate the potential impact of these RSV prevention strategies, 
healthcare policy makers require information on the characteris-
tics of children with life-threatening RSV infection including those 
with nosocomial RSV infection. However, previous reports of pedi-
atric nosocomial RSV-related deaths are from single centers and 
not large enough (number of deaths ranging between 1 and 21)13 to 
understand the demographic and clinical characteristics of children 
dying with nosocomial RSV infection globally.

Through our global RSV mortality registry, we aimed to 
describe demographic and clinical characteristics of children 

ISSN: 0891-3668/23/4201-0001
DOI: 10.1097/INF.0000000000003747

Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
 This is an open access article distributed under the Creative Commons Attribu-

tion License 4.0 (CCBY), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited.

Original Studies

Accepted for publication September 6, 2022
*Division of Infectious Diseases, Department of Pediatrics, University Medical 

Centre Utrecht, Utrecht, Netherlands †Centre for Global Health Research, 
Usher Institute of Population Health Sciences and Informatics, University of 
Edinburgh, Edinburgh, UK ‡Respiratory Syncytial Virus Network (ReSVi-
NET) Foundation, Zeist, The Netherlands §Julius Center for Health Sciences 
and Primary Care, Department of Data Science and Biostatistics, University 
Medical Centre Utrecht, Utrecht, Netherlands ¶ RSV GOLD study group 
authors are listed in the Acknowledgments

This work was supported by the Bill & Melinda Gates Foundation [OPP1148988].
L.J.B. has regular interaction with pharmaceutical and other industrial partners. 

He has not received personal fees or other personal benefits. UMCU has 
received major funding (>€100,000 per industrial partner) for investigator-
initiated studies from AbbVie, MedImmune, Janssen, the Bill and Melinda 
Gates Foundation, Nutricia (Danone) and MeMed Diagnostics. UMCU has 
received major cash or in kind funding as part of the public private partner-
ship IMI-funded RESCEU project from GSK, Novavax, Janssen, AstraZen-
eca, Pfizer and Sanofi. UMCU has received major funding by Julius Clinical 
for participating in the INFORM study sponsored by MedImmune. UMCU 
has received minor funding for participation in trials by Regeneron and 
Janssen from 2015-2017 (total annual estimate less than €20,000). UMCU 
received minor funding for consultation and invited lectures by AbbVie, 
MedImmune, Ablynx, Bavaria Nordic, MabXience, Novavax, Pfizer, Jans-
sen (total annual estimate less than €20,000). L.J.B. is the founding chair-
man of the ReSViNET Foundation. H.N. has received grants from Innovative 
medicines initiative and Pfizer. He has received honorarium from Abbvie, 
Sanofi, ReViral, Janssen and Novavax. For the remaining authors none were 
declared.

Address for correspondence: Louis J. Bont, MD, PhD, Department of Paediatric 
Immunology and Infectious Diseases, Wilhelmina Children’s Hospital/Uni-
versity Medical Centre Utrecht, Room KC.02.066, PO Box 85090, 3508 AB, 
Utrecht, The Netherlands. E-mail: l.bont@umcutrecht.nl.

Supplemental digital content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s website (www.pidj.com).

LWW



 The Pediatric Infectious Disease Journal • Volume 42, Number 1, January 2023

2 | www.pidj.com © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Löwensteyn et al

younger than 5 years of age dying in the hospital with laboratory-
confirmed nosocomial RSV infection.

MATERIALS AND METHODS

Study Design and Patients
The RSV GOLD study is an ongoing global online mor-

tality registry that includes individual patient data of children 
younger than 5 years of age who died with RSV infection. The 
first study results, published in 2017, included only community-
acquired, in-hospital deaths.14 Since then, the registry has been 
extended to also include nosocomial and out-of-hospital pediatric 
RSV-related deaths from January 1, 1995, onwards.15 To obtain 
nosocomial RSV-related mortality patient data, we performed a 
systematic search in PubMed using the following search terms: 
“RSV” or “bronchiolitis” combined with “healthcare-associated 
pneumonia,” “nosocomial,” “community-acquired,” “in-hospital,” 
“hospital-borne,” or “cross-infection” (See Table, Supplemental 
Digital Content 1, http://links.lww.com/INF/E850). We invited 
authors to share patient data until July 31, 2021, using a link to our 
electronic data capture platform Research Online.16 We included 
published and unpublished data of children 0–59 months old who 
had died with laboratory-confirmed RSV infection in the hospital 
between January 1, 1995, and July 31, 2021. We excluded chil-
dren for whom it was unknown where RSV infection had been 
acquired (in-community or in-hospital [n = 489]). We collected 
demographic and clinical characteristics using an online question-
naire within Research Online.

Definitions
We categorized country of origin as LMIC (LIC and 

LMIC combined), upper-middle-income country (UMIC), or HIC 
according to the World Bank classifications for 2021.17 We defined 
nosocomial RSV infection as a positive laboratory-confirmed RSV 
test in combination with a ≥48-hour timeframe between hospital 
admission and onset of respiratory symptoms, and as reported by 
the RSV GOLD collaborator. Laboratory-confirmed RSV infec-
tion was defined as the presence of RSV in a patient’s sample 
detected through PCR, immunofluorescence, enzyme immunoas-
say, culture, or serology. Length of hospital stay was defined as the 
duration of the hospital admission in days starting from the begin-
ning of respiratory symptoms. Comorbidity was defined as the 
presence of at least 1 underlying disease. Prematurity was defined 
as gestational age less than 37 weeks. If data for comorbidities 
or prematurity were not reported (n = 17), we assumed that the 
children were otherwise healthy and born at term. If data for loca-
tion of death were missing (n = 3), we assumed that the death had 
occurred in hospital.

Nosocomial RSV Infection and Community-
acquired RSV-related Mortality

We compared the demographic and clinical characteristics 
of children with nosocomial RSV-related in-hospital death and 
those with community-acquired RSV-related in-hospital death, 
including previously published deaths.14,18 We analyzed the data 
separately for different income groups and calculated for each 
income group the odds ratios and 95% confidence interval (CI) for 
the presence of demographic and clinical characteristics in chil-
dren with hospital-acquired RSV relative to children with commu-
nity-acquired RSV.

Sensitivity Analyses
We excluded deaths with missing data for comorbidities or 

prematurity and compared demographic and clinical characteristics. 

We also analyzed the age distribution for nosocomial RSV deaths 
from LMICs after excluding deaths collected from a postmortem 
study conducted in Zambia in which only children <6 months of 
age were included (n = 12).19

Ethical Approval
The institutional research board of the University Medical 

Centre Utrecht waived the requirement for parental consent as only 
deidentified secondary patient data are used in the RSV GOLD 
study. Collaborators sharing data were encouraged to adhere to 
local site regulations for ethics approval. Where required, local 
ethical approval was obtained.

Statistical Analysis
We present descriptive statistics for all variables. For contin-

uous variables we report the median with interquartile range (IQR); 
for categorical variables we report the frequency and proportion. 
We used the Fisher’s exact test to determine statistical significance 
between groups for dichotomous parameters and the Mann-Whit-
ney U test for all continuous parameters. We applied the Bonfer-
roni correction for multiple testing between World Bank Income 
groups. All statistical analyses were performed with SPSS (version 
21.0; IBM Corp, Armonk, NY). The forest plot with odds ratios and 
95% CIs was made in R version 4.0.3.

RESULTS
We included a total of 231 nosocomial RSV-related 

deaths from 38 countries (Figs. 1 and 2, see Table, Supplemental 
Digital Content 3, http://links.lww.com/INF/E850) of which 80 
deaths were identified through the literature search (see Tables, 
Supplemental Digital Content 1–2, http://links.lww.com/INF/
E850) and 188 comprised unpublished reports shared by collab-
orators. The 231 deaths accounted for 20% of all deaths reported 
to the RSV GOLD registry with available data on where RSV 
infection was acquired. This proportion was even higher (31%) 
when only taking into account countries from where both noso-
comial as well as community-acquired in-hospital deaths were 
contributed. The majority (n = 123; 53%) of reported deaths 
were from HICs. The proportion of reported nosocomial deaths 
among all RSV-related in-hospital deaths was substantially 
lower in LMICs (12%) than in UMICs (18%, p=0.03) or HICs 
(26%, P < 0.001).

Clinical and Demographic Characteristics of 
Children With Nosocomial RSV-related Mortality

The vast majority of children with nosocomial RSV-related 
death had 1 or more comorbidities (n = 202, 87.4%) as expected. 
Congenital heart disease was the most prevalent comorbidity 
occurring in almost half (n = 96, 41.6%) of all nosocomial deaths. 
Of these, at least 7 (7%) acquired RSV infection following cardiac 
surgery. In total, 106 (45.9%) children had been born prematurely. 
Median age at time of death was 5.4 (IQR: 2.5–12.1) months. Half 
of the deaths (51.9%) occurred within the first 6 months of life 
(Table  1, Fig.  3). All healthy term or preterm children without 
comorbidities died at an age younger than 10 months, whereas 
children with comorbidities also died at an older age (see Fig-
ure, Supplemental Digital Content 10, http://links.lww.com/INF/
E850).

Nosocomial RSV-related Mortality Analyzed by 
World Bank Income Group

Children from LMICs were younger at time of death than 
children from UMICs (1.5 vs. 5 months, P = 0.003) and HICs 
(1.5 vs. 7 months, P < 0.001). More children from LMICs died 
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during the neonatal period (40.6%) than children from UMICs 
(3.9%) and HICs (1.6%), P < 0.001. Furthermore, compared 
with HICs, children from LMICs were more often born prema-
turely (68.8% vs. 43.1%, p=0.01), had a shorter hospital stay (7 
days vs. 37 days, P < 0.001) and were less often mechanically 
ventilated (46.9% vs. 85.2%, P < 0.001). See Table, Supplemen-
tal Digital Content 4, http://links.lww.com/INF/E850, for addi-
tional characteristics for children analyzed by income group are 
included in.

Nosocomial Versus Community-acquired RSV-
related Mortality

The proportion of preterm children was higher among 
children with nosocomial RSV infection compared with children 

with community-acquired RSV infection (45.9% vs. 24.2%, P < 
0.001). Likewise, a higher proportion of children with nosocomial 
RSV infection had at least 1 comorbidity (87.4% vs. 56.6%, P < 
0.001). Age at death was similar for both groups. We compared 
both nosocomial and community-acquired deaths for each income 
group separately to rule out sampling bias by underrepresenta-
tion of deaths from LMICs. In this analysis, children from LMICs 
with nosocomial RSV-related death were younger than children 
with community-acquired death (1.5 vs. 5.0 months, P = 0.002). 
For children from UMICs and HICs, age at death was similar 
(see Tables, Supplemental Digital Content 6–8, http://links.lww.
com/INF/E850). The odds ratios and 95% CIs for the presence of 
demographic and clinical characteristics in children with noso-
comial versus community-acquired RSV-related mortality in all 

FIGURE 1. Flowchart of included nosocomial RSV deaths.
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included children and stratified by income group are presented 
in Figure (Supplemental Digital Content 5, http://links.lww.com/
INF/E850).

Sensitivity Analyses
When analyzing the data after excluding children with miss-

ing data for comorbidity or prematurity (n = 19 for nosocomial 

FIGURE 2. Location of death for children younger than 5 yrs with nosocomial RSV-related mortality included in the analysis.

TABLE 1. Characteristics of Children Younger Than 5 Yrs With Nosocomial and Community-acquired RSV-relat-
ed In-hospital Death

 Nosocomial (n = 231) Community-acquired (n = 931) P 

Male sex 107 (46.3) 500 (53.7) 0.05
Age at death (mo) 5.4 (2.5-12.1) 6.0 (2.6-13.0) 0.24
Neonatal death 18 (7.8) 38 (4.1) 0.03
<3 mo at death 66 (28.6) 244 (26.2) 0.51
<6 mo at death 120 (51.9) 452 (48.5) 0.38
Year of death 2012 (2006-2016) 2011 (2006-2015) 0.12
LMIC 32 (13.9) 236 (25.3) <0.001
UMIC 76 (32.9) 338 (36.3) 0.36
HIC 123 (53.2) 357 (38.3) <0.001
Comorbidity* 202 (87.4) 527 (56.6) <0.001
Congenital heart disease 96 (41.6) 209 (22.4) <0.001
Chronic lung disease 42 (18.2) 112 (12.0) 0.02
Genetic disease 48 (20.8) 134 (14.4) 0.02
Down syndrome 18 (7.8) 47 (5.0) 0.11
Neurological disease 39 (16.9) 135 (14.5) 0.36
Immune disorder 15 (6.5) 31 (3.3) 0.04
Other 68 (29.4) 139 (14.9) <0.001
Prematurity* 106 (45.9) 225 (24.2) <0.001
Gestational age (weeks) 36.0 (32.0–38.3); n = 174 38.0 (34.0–39.0); n = 496 0.004
Birth weight (kgs) 2.5 (1.7–3.1); n = 168 2.7 (2.0–3.2); n = 449 0.02
Breastfeeding until age ≤4 mo 36/139 (25.9) 161/404 (39.9) 0.003
Length of hospital stay (d) 23.0 (9.8–53.3); n = 230 9.0 (4.0–20.0); n = 901 <0.001
Intensive care unit (ICU) admission 209/216 (96.8) 641/868 (73.8) <0.001
Length of ICU stay (d) 14.0 (7.0–30.0); n = 194 10.0 (4.0–21.0); n = 601 <0.001
Respiratory support 210/210 (100) 685/686 (99.9) 1.00
Mechanical ventilation 186/230 (80.9) 611/902 (67.7) <0.001
Duration of respiratory support (d) 14.0 (7.0–29.0); n = 195 10.0 (4.0–20.0); n = 588 <0.001

Data are presented as n (%), n/N (%), or median (IQR).
*Considered absent when missing.
HIC indicates high-income country; LMIC, low-income and lower-middle-income country; UMIC, upper-middle-income country.
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RSV deaths; n = 231 for community-acquired RSV deaths), our 
findings did not change (see Table, Supplemental Digital Content 
9, http://links.lww.com/INF/E850). After excluding deaths col-
lected from the postmortem study in Zambia (n = 12), median age 
increased to 5 months for nosocomial deaths from LMICs.

DISCUSSION
Globally, RSV is a major cause of child mortality. Current 

RSV mortality burden estimates are largely based on community-
acquired RSV infections. We report the first global case series char-
acterizing children younger than 5 years who died with nosocomial 
RSV infection. We observed that nosocomial RSV-related deaths 
accounted for 20% of all in-hospital RSV deaths reported to the 
RSV GOLD registry. This proportion indicates that nosocomial 
RSV-related deaths substantially contribute to the global burden of 
RSV-related child mortality.

While literature indicates that nosocomial infections gener-
ally occur at higher rates in LMICs than in HICs,4 the small number 
of nosocomial deaths from LMICs suggests these cases are under-
reported in LMICs. For example, data from the Zambia Pertussis 
Infant Mortality Estimation Study (ZPRIME) showed that 32% of 
RSV deaths in a tertiary referral hospital in Lusaka, Zambia, were 
caused by nosocomial RSV infection.19 The low number of LMIC 
nosocomial deaths in the RSV GOLD registry may be explained by 
suboptimal testing capacity and a lack of active RSV surveillance 
systems as well as general underreporting of nosocomial deaths 
because of limited time and resources. Furthermore, ascertain-
ment bias could play a role as data from LMICs mainly result from 
RSV studies that usually do not include nosocomial RSV deaths, 
whereas data from HICs may also result from routine testing.

We found that age at death was similar for children with 
nosocomial and community-acquired RSV-related death. To our 
knowledge, there are no other studies available reporting on age 

in deceased pediatric patients with nosocomial and community-
acquired infection. Two prospective studies from Vietnam and Ger-
many report a younger age in pediatric patients with nosocomial 
RSV infection,9,20 while studies from Brazil and the UK report 
an older age for nosocomial RSV patients (although the age dif-
ference was no longer significant when comparing comorbidity-
matched controls in the UK study).13,21 More than half of reported 
nosocomial deaths were in children younger than 6 months at time 
of death. This age distribution indicates that infant-targeted RSV 
immunization strategies will prevent a large part of nosocomial 
RSV-related mortality globally.

Most children with nosocomial RSV-related mortality 
had, as expected, at least 1 comorbidity. Most frequently reported 
comorbidities were congenital heart disease, certain genetic disor-
ders such as trisomy 21 (Down syndrome), and neurological dis-
ease. These findings are in line with findings from other studies that 
identified congenital heart disease, Down syndrome, immunodefi-
ciency,7 and prematurity9 as risk factors for acquiring RSV infec-
tion in the hospital. In a Canadian study, children with nosocomial 
RSV infection were more likely to have pre-existing risk factors 
for severe disease including prematurity, immunodeficiency, lung 
disease, or heart disease, and stayed longer in the hospital than chil-
dren with community-acquired RSV infection, which is comparable 
to our results.10 In our registry, there were more premature infants 
with RSV-related nosocomial death from LMICs (69%) compared 
with UMICs (41%) or HICs (43%) and less children with comor-
bidity (69%) compared with children from HICs (96%). Possibly, 
in LMICs, children with comorbidities may die as a result from 
these comorbidities and do not survive long enough to be exposed 
to RSV. Furthermore, children who are born preterm in the hospital 
may acquire nosocomial RSV infection and subsequently die at a 
younger age before comorbidities are identified. This contrasts with 
HICs, where children who die with RSV generally have comor-
bidities and are susceptible to severe nosocomial infection at an 

FIGURE 3. Age distribution at time of RSV-related nosocomial in-hospital death for children younger than 5 yrs from LMIC, 
UMIC and HIC. HIC indicates high-income countries; LMIC, low- and middle-income countries; UMIC, upper-middle-income 
countries.
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older age from repeated exposure to RSV through multiple hospital 
admissions. Taken together, differences in clinical characteristics 
may partially be explained by differences in quality of healthcare.

This study has several limitations inherent to retrospec-
tive data collection. First, the majority of the reported deaths were 
from UMICs and HICs while LMICs represent more than 75% of 
the global pediatric population and have a higher prevalence of 
nosocomial infections.22 Second, since not all authors responded 
or shared data, we missed at least 24 deaths reported in the litera-
ture. All but 3 missed published deaths were from UMICs or HICs 
and median age at death was 1 month (information on age avail-
able for 7 deaths). Third, authors employed variable definitions for 
nosocomial infection (time interval between admission and start of 
respiratory symptoms ranging from 48 hours to 7 days), which may 
have over- or underestimated our results. Although we did not col-
lect these definitions, we checked for each hospital-acquired RSV 
mortality case whether the time interval between admission and 
symptoms was at least 48 hours. Furthermore, there were no stud-
ies that involved surveillance on nosocomial postdischarge deaths. 
The actual burden of nosocomial RSV-related mortality may there-
fore be higher than reported in the literature. Reporting bias could 
also lead to an underestimation of nosocomial RSV-related mortal-
ity as RSV outbreaks may not always be reported or detected by 
hospitals. Fourth, we did not collect information on the reason for 
hospital admission before the child acquired RSV, nor on location 
where RSV infection was acquired (ward or intensive care unit). 
Furthermore, nearly half of nosocomial RSV deaths had pre-exist-
ing cardiac disease. We have limited data on whether these children 
acquired RSV infection during admission for cardiac surgery or 
during admission for other reasons as this was not part of our ques-
tionnaire. Fifth, 35% of the cases identified in the literature resulted 
from an RSV outbreak. This may have created a bias in terms of 
some of the factors associated with nosocomial RSV death such 
as age or ICU admission. Last, retrospective data vary in quality 
and completeness, although we attempted to limit the impact of 
this methodological weakness with data quality checks and direct 
verification with collaborators.

Our study has clinical implications. RSV is one of the 
major causes of nosocomial outbreaks in pediatric wards as it 
is highly transmissible, with a basic reproduction number—the 
number of secondary infections caused by 1 infected child—esti-
mated between 1 and 9.23 RSV is spread through direct contact or 
large droplet transmission but not through aerosol transmission.24 
Nosocomial RSV infections are associated with increased hospital 
costs because of prolonged hospitalization and extra interventions, 
and with high morbidity and mortality.25,26 Our results show that 
nosocomial RSV-related deaths may substantially contribute to the 
global burden of RSV-related child mortality. More than half of 
reported deaths were younger than 6 months and may have been 
prevented by infant-targeted RSV immunization strategies such as 
long-acting monoclonal antibodies. Future modeling studies should 
consider nosocomial RSV-related deaths as a target group when 
calculating potential vaccine impact. While the global community 
awaits market-approval and implementation of maternal vaccina-
tion and introduction of nirsevimab, a highly potent long-acting 
antibody that recently met the primary endpoint in a phase-III 
trial,12 infection-control measures remain of major importance to 
prevent nosocomial infections. Although high-quality evidence is 
lacking, multicomponent control strategies appear broadly success-
ful.27 Strict infection-control measures including hand hygiene and 
the use of protective equipment (goggles, gloves, gowns, masks), 
can reduce nosocomial infection rates by 39–76%.28

In conclusion, this study provides insight into characteris-
tics of global nosocomial RSV-related mortality in young children. 

Prospective studies and hospital-based surveillance are needed 
to demonstrate the magnitude of the nosocomial RSV burden in 
LMICs. Infection-control measures, in particular hand hygiene, 
remain of significant importance to prevent nosocomial infections 
in pediatric wards worldwide.
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