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ABSTRACT
Introduction  The burden of acute lower respiratory 
infections (ALRI), and common viral ALRI aetiologies among 
5–19 years are less well understood. We conducted a 
systematic review to estimate global burden of all-cause 
and virus-specific ALRI in 5–19 years.
Methods  We searched eight databases and Google for 
studies published between 1995 and 2019 and reporting 
data on burden of all-cause ALRI or ALRI associated 
with influenza virus, respiratory syncytial virus, human 
metapneumovirus and human parainfluenza virus. 
We assessed risk of bias using a modified Newcastle-
Ottawa Scale. We developed an analytical framework 
to report burden by age, country and region when there 
were sufficient data (all-cause and influenza-associated 
ALRI hospital admissions). We estimated all-cause 
ALRI in-hospital deaths and hospital admissions for 
ALRI associated with respiratory syncytial virus, human 
metapneumovirus and human parainfluenza virus by 
region.
Results  Globally, an estimated 5.5 million (UR 4.0–7.8) 
all-cause ALRI hospital admissions occurred annually 
between 1995 and 2019 in 5–19 year olds, causing 87 900 
(UR 40 300–180 600) in-hospital deaths annually. Influenza 
virus and respiratory syncytial virus were associated with 
1 078 600 (UR 4 56 500–2 650 200) and 231 800 (UR 
142 700–3 73 200) ALRI hospital admissions in 5–19 years. 
Human metapneumovirus and human parainfluenza virus 
were associated with 105 500 (UR 57 200–181 700) and 
124 800 (UR 67 300–228 500) ALRI hospital admissions 
in 5–14 years. About 55% of all-cause ALRI hospital 
admissions and 63% of influenza-associated ALRI hospital 
admissions occurred in those 5–9 years globally. All-cause 
and influenza-associated ALRI hospital admission rates 
were highest in upper-middle income countries, Asia-
Pacific region and the Latin America and Caribbean region.
Conclusion  Incidence and mortality data for all-cause 
and virus-specific ALRI in 5–19 year olds are scarce. The 
lack of data in low-income countries and Eastern Europe 

and Central Asia, South Asia, and West and Central Africa 
warrants efforts to improve the development and access 
to healthcare services, diagnostic capacity, and data 
reporting.

Key questions

What is already known?
►► Acute lower respiratory infections (ALRI) caused an 
estimated 55 800 deaths, accounting for 5% of all-
cause deaths in children aged 5–19 years globally 
in 2019.

►► No global estimates are available to quantify hos-
pital admissions due to ALRI in this age group, and 
only the Institute for Health Metrics and Evaluation 
estimated global influenza-attributable hospital ad-
missions (about 2.0 million).

What are the new findings?
►► Based on data from 202 studies, we estimated that 
globally about 5.5 million all-cause ALRI hospital ad-
missions occurred annually between 1995 and 2019 
in the 5–19 years age group and 87 900 in-hospital 
deaths; 19% (1.1/5.5 million) of ALRI hospital ad-
missions were associated with influenza virus and 
4% (231 800) for respiratory syncytial virus in the 
5–19 years age group; human metapneumovirus 
(105,500) and human parainfluenza virus (124,800) 
was associated with 2% of ALRI hospital admissions 
in the 5–14 years age group separately.

►► 55% of ALRI hospital admissions and 63% of the 
influenza-associated ALRI hospital admissions oc-
curred in children aged 5–9 years.

►► Estimates of all-cause ALRI hospital admissions 
were developed in 39 countries and estimates of 
influenza-associated ALRI hospital admissions were 
developed in 26 countries, accounting for 57% and 
52% of the global population 5–19 years of age.
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http://crossmark.crossref.org/dialog/?doi=10.1136/bmjgh-2021-006014&domain=pdf&date_stamp=2021-07-14
http://orcid.org/0000-0002-8762-2421
http://dx.doi.org/10.1136/bmjgh-2021-006014
http://dx.doi.org/10.1136/bmjgh-2021-006014


2 Wang X, et al. BMJ Global Health 2021;6:e006014. doi:10.1136/bmjgh-2021-006014

BMJ Global Health

INTRODUCTION
Although the global acute lower respiratory infection 
(ALRI) mortality burden for 5–19 years reduced by about 
43% between 1990 and 2019, it was estimated that ALRI 
caused around 56 000 deaths in children and adolescents 
aged 5–19 years globally in 2019, accounting for 5% of 
global all-cause deaths in this age group.1 Several efforts 
have been made to improve estimation of all-cause and 
virus-specific ALRI burden for children under 5 years; 
however, the burden in those aged 5–19 years are less well 
understood. In the absence of a baseline disease burden 
estimate, it is difficult to understand the impact of change 
in virulence of an existing pathogen or emergence of a 
novel pathogen (eg, SARS-CoV-2) and their impact on all-
cause/aetiology-specific ALRI disease burden. No global 
estimates of all-cause ALRI hospital admissions have been 
made for 5–19 years, and very few global estimates quantify 
the burden of common ALRI viral aetiologies for this age 
group. Estimates have only been made for influenza attrib-
utable ALRI burden in one study by Institute for Health 
Metrics and Evaluation (IHME).2 This study estimated that 
globally in 2017, approximately 2.0 million lower respira-
tory infection hospital admissions attributable to influenza 
for 5–19 years.2 No regional or country-specific estimates 
were reported in the paper. These estimates were developed 
through a complex modelling process. Despite the impor-
tance of models in global burden estimation, data allowing 
for direct estimation of influenza-related hospital admis-
sions, for example, hospital admission rate for 5–19 years, 
offer an opportunity to reduce model-related uncertainties 
and to improve the robustness of estimates.

Given the differences in access to health services between 
countries, we included country-level layer in the analytical 
framework when data were sufficient. Hospital admission 
and in-hospital mortality estimates at country and region 
levels would inform the burden on health services and 
provide information for intervention impact analyses. In 
resource-limited settings, hospital care data would inform 
allocation of healthcare recourses, and warrant efforts to 
improve access to healthcare and development of health-
care registration systems.

METHODS
Systematic review and assessment of risk of bias
We conducted a systematic review of burden of all-cause 
ALRI and of cause-specific ALRI associated with four 

viruses (ie, ALRI with laboratory-confirmed influenza 
virus, respiratory syncytial virus, human metapneumo-
virus, or human parainfluenza virus) in children and 
adolescents aged 5–19 years (online supplemental 
appendix pp1-4). The four viruses are commonly associ-
ated with ALRI in children under 5 years.3 We searched 
Medline (Ovid), Embase (Ovid), Global Health (Ovid: 
1973 onwards), Cumulative Index to Nursing and Allied 
Health Literature, Web of Science, Global Health Library, 
three Chinese language databases (CNKI, Wanfang and 
Chongqing VIP), and Google search (for grey literature). 
No language or publication restrictions were applied, 
and three reviewers (XW, XM and EB) screened the 
titles and abstracts for eligibility, and extracted data inde-
pendently. Disagreements were resolved by discussion 
between reviewers.

We included studies that were published between 1 
January 1995, and 31 December 2019, and reported 
any of the following data for 5–19 years: hospital admis-
sion rates of all-cause and cause-specific ALRI; in-hos-
pital case-fatality ratios (hCFRs) of all-cause ALRI; and 
proportions of hospitalised ALRI cases positive for the 
four respiratory viruses. Community-based studies with 
data on incidence rates of all-cause ALRI and hCFRs of 
virus-associated ALRI were also identified (online supple-
mental appendix p23; 42–44), but were not included 
in the quantitative analysis due to the small number of 
studies.

Studies using hospitalised ALRI (pneumonia and bron-
chiolitis) or similar definitions (eg, acute respiratory 
infections or chest X-ray confirmed pneumonia requiring 
hospital admission) were eligible (online supplemental 
appendix pp20-22). Studies that reported data on 
hospital admission rates and hCFRs of all-cause ALRI, 
and proportion of virus positives were required to report 
data for at least a 12 consecutive month period. Studies 
that reported data on hospital admission rates of virus-
associated ALRI were required to show data for at least 
one full virus season if in a temperate region with defined 
seasons, or at least a 12 consecutive month period. There 
were no restrictions on the duration of studies reporting 
hCFRs of virus-associated ALRI. We excluded studies: 
where the denominator was unavailable or could not 
be calculated; reporting modelled burden estimates; in 
which viral infections were diagnosed based on serology 
alone; which reported only single infections or only coin-
fections of a virus; or which only including population 
subgroups with high-risk conditions. For influenza, we 
additionally excluded studies which reported data during 
the 2009 pandemic (the 2009–2010 season in temperate 
regions and the year 2009 in tropical regions) to esti-
mate the burden of influenza during average seasons; 
and those reporting data on a non-dominant influenza 
subtype. This study was registered with PROSPERO, 
CRD42018093336.

We used a modified Newcastle-Ottawa Scale to assess 
the risk of bias in six domains, including study design, 
adjustment for healthcare utilisation, patient groups 

Key questions

What do the new findings imply?
►► Incidence and mortality data for all-cause and virus associated ALRI 
in 5–19 year olds are scarce; the lack of data in low-income coun-
tries and Eastern Europe and Central Asia, South Asia, and West and 
Central Africa warrants efforts to improve the development, access 
to healthcare services, diagnostic capacity and data reporting.

►► The estimates provide evidence to support introduction of ALRI in-
tervention programmes in the 5–19 years age group.
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excluded, case definition, and sampling strategy and 
test methods for studies with virus-specific data (online 
supplemental appendix p45).4 5

Statistical analysis
ALRI hospital admissions
Figure 1 summarises our approach to estimation of ALRI 
hospital admissions and influenza virus-associated ALRI 
hospital admissions. We stratified analyses by three 5-year 
age groups (5–9 years, 10–14 years and 15–19 years) for 
which data were most frequently reported. Not all studies 
reported ALRI hospital admissions rates for the three 
age groups. We imputed missing data for any of the three 
age groups for each study using a multiple imputation 
approach; the input data are rate ratios between the 
three age groups estimated using a network meta-analysis 
and United Nations Population Division country popula-
tion structures by single-year of age (online supplemental 
appendix pp5-7).5–7 We estimated average rate ratios 
based on studies where age-stratified data were available 
(nine studies for ALRI and eight studies for influenza-
associated ALRI). The rate ratios were then extrapo-
lated to other studies to estimate hospital admission 
rates by age groups. We assumed the hospital admission 
rate was similar within each 5 year age bands. Estimates 
were comparable after the imputation was done (online 
supplemental appendix p7).

Meta-analyses were conducted by country and by World 
Bank income regions and UNICEF regions.8 9 Due to 
the insufficient data for South Asia, we combined this 
region with the region of East Asia and the Pacific (as 

Asia-Pacific); we combined the region of Eastern and 
Southern Africa and the region of West and Central Africa 
(as Sub-Saharan Africa) due to insufficient data in West 
and Central Africa. First, we pooled hospital admission 
rates for each country using a generalised linear mixed 
model (binomial-normal model: within-study binomial 
distribution and between-study normal distribution) 
when there were two or more studies.10 When there was 
only one study for a country, the reported hospital admis-
sion rates in the study were used to yield country-specific 
hospital admissions. The weighted average of available 
country-specific rates and the sum of weighted uncertain-
ties in each region was extrapolated to yield the number 
of ALRI hospital admissions in the region.11 Global 
results were calculated as the sum of estimates by age 
group and World Bank income regions. We also reported 
estimates by UNICEF regions where data were available. 
The numbers of cases and deaths were rounded to the 
nearest hundred.

After meta-analyses, the number of all-cause ALRI 
hospital admissions was estimated using the Monte 
Carlo Simulation to combine the meta-estimates of 
ALRI hospital admission rates and UN Population 
Division census estimates for 2019 as done previ-
ously.5 6 The median value of 1000 samples simulated 
from a log–normal distribution was used as the point 
estimate and the 2∙5th and 97∙5th percentiles as the 
95% uncertainty ranges (UR) for disease burden 
estimates.

Figure 1  Estimation of global, regional, and national all-cause acute lower respiratory infections (ALRI) hospital admissions 
in children and adolescents aged 5–19 years. ‘Orange’ boxes show input data, and ‘green’ boxes show the outputs. All 
analyses were done by three age bands (5–9, 10–14 and 15–19 years). Analyses were done at national level and regional level 
(World Bank income region and UNICEF region). Global estimates were calculated as sum of estimates by age and World 
Bank income region. Estimation of influenza-associated ALRI hospital admissions were generally similar to estimation of ALRI 
hospital admissions, with the hospital admission rates of influenza-associated ALRI as the input. We made one adaptation: 
prior to meta-analyses, influenza hospital admission rates were adjusted for testing practice in each study where available. y: 
year.
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All-cause ALRI in-hospital mortality
The available hCFR data for all-cause ALRI were 
insufficient to allow for disaggregation by 5-year age 
group or country. We pooled hCFR for the overall age 
group (5–19 years) by World Bank income (as well 
as UNICEF) regions, and applied the hCFR meta-
estimate to the number of ALRI hospital admissions 
to yield all-cause ALRI in-hospital mortality in each 
region as previously.5

Influenza-associated ALRI hospital admissions
Estimation of influenza-associated ALRI hospital admis-
sions is generally similar to that for all-cause ALRI hospital 
admissions except for one adaptation: hospital admission 
rates of influenza were additionally adjusted for levels of 
testing per study (where such data were available) before 
meta-analyses. We did not make this adjustment if this 
was already accounted for and reported by the study.

ALRI hospital admissions associated with respiratory 
syncytial virus, human metapneumovirus and human 
parainfluenza virus
For the three above-mentioned viruses, data on hospital 
admission rates were limited; thus, we estimated virus-
associated ALRI hospital admissions using a proportion-
based approach, by combining the proportion positives of 
a virus and the number of all-cause ALRI hospital admis-
sions. URs were estimated using the Monte Carlo Simu-
lation. We conducted analyses by World Bank income 
(and UNICEF) regions where data were available. For 
respiratory syncytial virus, we estimated hospital admis-
sions for the overall age group 5–19 years; for human 
metapneumovirus and parainfluenza virus, we estimated 
the hospital admissions for 5–14 years as data were most 
commonly reported for this age group.

Sensitivity analyses
For all-cause ALRI hospital admissions, we excluded 
potential outlier studies in the sensitivity analysis. For 
influenza-associated ALRI hospital admissions, we 
excluded potential outlier studies and studies using the 
definition of ‘International Classification of Diseases 
(ICD)-coded laboratory confirmed respiratory hospital 
admissions’ in sensitivity analyses. Additionally, we esti-
mated influenza-associated ALRI hospital admissions by 
combining the pooled estimates of proportion positives of 
influenza and estimates of all-cause ALRI hospital admis-
sions in a sensitivity analysis. This study was conducted 
and reported in accordance with the Guidelines for Accu-
rate and Transparent Health Estimates Reporting recom-
mendations (online supplemental appendix p59).12

The role of funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. XW and HN had full access to all the data in 
the study and HN had final responsibility for the decision 
to submit for publication.

Patient and public involvement
Patients and the public were not involved in this study.

RESULTS
We identified 202 studies with relevant data between 1995 
and 2019 (figure 2). There were 90 studies with data for all-
cause ALRI (ie, incidence rates, hospital admission rates, 
and hCFRs), 114 studies for influenza virus, 66 studies for 
respiratory syncytial virus, 37 studies for human metap-
neumovirus, and 42 studies for human parainfluenza 
virus. By World Bank income region, six (3%), 38 (19%), 
62 (31%) and 96 studies (47%) were from low-income, 
lower middle-income, from upper middle-income, and 
from high-income countries, respectively. By UNICEF 
region, most of the studies were from high-income coun-
tries (41%) and East Asia and the Pacific (27%). Figure 2 
shows the study selection for the systematic review. Quan-
titative analyses were not conducted for incidence rates 
of all-cause ALRI or hCFRs of virus-specific ALRI given 
the paucity of data. Details of all the included studies are 
in the online supplemental appendix pp19-43.

There were 69 studies with data on all-cause ALRI 
hospital admission rates, including 7 studies reporting 
data for pre-2000 period, 34 studies for 2001–2010, and 
28 studies for 2011–2018. Data were from 39 countries, 
and nationally representative data (as reported in indi-
vidual studies) were found in 15 countries. Of these 
studies, 33 studies had a low risk of bias in study design, 
64 studies had a low risk in adjustment for healthcare util-
isation, and 68 studies had a low risk of bias in patient 
groups excluded. Thirty-nine studies used definitions 
similar to that we specified, 26 studies used less specific 
definitions, and 4 studies used more specific definitions. 
Across 39 countries, all-cause ALRI hospital admission 
rate meta-estimates ranged from 0.1 (95% CI 0.1 to 0.1) 
per 1000 children per year to 42.7 (95% CI 35.1 to 51.8) 
for 5–9 years, from 0.1 (95% CI 0.1 to 0.1) to 17.4 (95% 
CI 12.9 to 23.6) for 10–14 years, and from 0.1 (95% CI 
0.1 to 0.1) to 18.1 (95% CI 13.1 to 25) for 15–19 years 
(table 1). By World Bank income regions, the estimated 
all-cause ALRI hospital admission rate for 5–19 years was 
highest in upper middle-income countries (3.9 per 1000 
persons per year (95% CI 2.6 to 5.6)), followed by lower 
middle-income countries (2.9 (95% CI 2.1 to 4.1)), low-
income countries (1.9 (95% CI 1.4 to 2.6)), and high-
income countries (1.4 (95% CI 1.2 to 1.7)). By UNICEF 
regions, we estimated higher all-cause ALRI hospital 
admission rates for 5–19 years in Asia-Pacific, and Latin 
America and Caribbean (3.0–3.6 per 1000 persons per 
year), followed by Sub-Saharan Africa (2.2 (95% CI 1.9 to 
2.6)), high-income countries (1.3 (95% CI 1.2 to 1.6)), 
and Middle East and North Africa (0.7 (95% CI 0.6 to 
1.1)). Estimates were not calculated for Eastern Europe 
and Central Asia due to the non-availability of data. Glob-
ally, we estimated 5.5 million (UR 4.0–7.8) all-cause ALRI 
hospital admissions in children and adolescents 5–19 
years of age annually, and about 55% (3.0/5.5 million), 
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23% (1.3 million) and 23% (1.3 million) of the hospital 
admissions occurred among 5–9 years, 10–14 years and 
15–19 years, respectively.

We identified multiyear (4 years or more) all-cause 
ALRI hospital admission rates in 21 countries between 
1981 and 2017 (online supplemental appendix pp15-
16). The trend of all-cause ALRI hospital admission rates 
varied by geographical locations: we found no significant 
change in all-cause ALRI hospital admission rates in 70% 
of these countries, a decrease in Brazil, Canada, France 
and Kenya, and an increase in Denmark, the Nether-
lands, and Taiwan, China.

There were 27 studies with data on hCFRs of all-cause 
ALRI, including 16 studies reporting data for 5–14 years 
and 12 studies for 5–19 years. hCFRs ranged from 0.05% 
(95%CI 0.05 to 0.06) to 11.76% (95%CI 7.11 to 18.85) 
across studies (online supplemental appendix pp24-25). 

Of the 27 studies, 9 studies had a low risk of bias in study 
design, and all studies had a low risk of bias in patient 
groups excluded. Seventeen studies used definitions 
similar to that we specified, eight studies used less specific 
definitions, and two studies used more specific defini-
tions. Using all data from a mixture of age groups, we 
estimated an hCFR of 1.6% (95% CI 0.7 to 4.1), 1.6% 
(95% CI 0.6 to 4.2) and 0.4% (95% CI 0.2 to 0.6) for low-
income and lower middle-income, upper middle-income, 
and high-income countries, respectively (table 2). These 
estimates translated to 87 900 (UR 40 300–180 600) all-
cause ALRI in-hospital deaths for children and adoles-
cents aged 5–19 years per year globally. By UNICEF 
regions, the hCFR estimates had wide CIs in the region of 
Sub-Saharan Africa, Latin America and Caribbean, and 
Asia-Pacific.

Figure 2  Flow diagram for study selection. ALRI, acute lower respiratory infection. hCFR, in-hospital case-fatality ratio.

https://dx.doi.org/10.1136/bmjgh-2021-006014
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We identified 48 studies (26 countries) with data on 
influenza-associated ALRI hospital admission rates 
(table 3). Thirty-three of the 48 studies had a low risk of 
bias in study design, 47 studies had a low risk in adjust-
ment for healthcare utilisation, and 45 studies had a low 
risk of bias in patient groups excluded, 14 studies had a 
low risk of bias in sampling strategy, and 30 studies had 
a low risk in test methods. Thirteen studies used defi-
nitions similar to that we specified, 34 studies used less 
specific definitions (including 4 studies using hospital-
ised ICD-coded confirmed influenza respiratory cases), 
and 1 studies used more specific definitions.

Influenza-associated ALRI hospital admission rate 
meta-estimates ranged from 0 to 8.1 (95%CI 4.5 to 14.5) 
per 1000 persons per year for 5–9 years across 26 coun-
tries, from 0 to 3.5 (95% CI 1.6 to 7.5) for 10–14 years, and 
from 0 to 1.7 (95% CI 0.4 to 8.2) for 15–19 years. Similar 
to all-cause ALRI hospital admission rates, by World Bank 
income regions we estimated highest influenza-associated 
ALRI hospital admission rate in upper middle-income 
countries (0.9 per 1000 persons per year (95% CI 0.4 to 
2.1)), followed by lower middle-income countries (0.5 
(95% CI 0.2 to 1.5)), low-income countries (0.2 (95% CI 
0.1 to 0.3)), and high-income countries (0.1 (95% CI 0.1 
to 0.2)). By UNICEF regions, influenza-associated ALRI 
hospital admission rates for 5–19 years were higher in 
Latin America and Caribbean, and Asia-Pacific (0.7–1.5 
per 1000 persons per year) compared with other regions 
(0.1–0.2) except for Eastern Europe and Central Asia 
where estimates were not calculated due to the unavail-
ability of data. Globally, we estimated 1 078 600 (UR 
456 500–2 650 200) influenza-associated ALRI hospital 

admissions among 5–19 years annually, accounting for 
19% (about 1.1 million of 5.5 million) of all-cause ALRI 
hospital admissions in this age group. About 63% (675 
000/1 078 600), 25% (270 500), and 13% (144 400) of 
the hospital admissions occurred among 5–9 years, 10–14 
years and 15–19 years, respectively.

We identified 54 studies with data on proportion 
positives of respiratory syncytial virus-associated ALRI, 
including 3 studies for 5–9 years, 34 studies for 5–14 
years, and 17 studies for 5–19 years. The proportion posi-
tives of respiratory syncytial virus-associated ALRI ranged 
from 0% to 47.3% (95% CI 45.2 to 49.4) across studies 
(online supplemental appendix pp34-36). The meta-
estimates of proportion positives of respiratory syncy-
tial virus-associated ALRI were similar by World Bank 
income regions (3.9%–4.5%) (table 4). Based on these 
estimates, the annual global number of respiratory syncy-
tial virus-associated ALRI hospital admissions was 231 800 
(UR 1 42 700–3 73 200) among 5–19 years. By UNICEF 
regions, the estimated proportion positives of respiratory 
syncytial virus was higher in Sub-Saharan Africa, Eastern 
Europe and Central Asia, and Latin America and Carib-
bean than other regions. The estimates in these regions 
were based on limited data, therefore need to be verified 
with additional data.

We identified 32 studies with data on proportion 
positives of human metapneumovirus-associated ALRI, 
and 38 studies for proportion positives of human 
parainfluenza-virus-associated ALRI (online supple-
mental appendix pp37-40). Using the proportion-based 
approach, an estimated 105 500 (UR 57 200–181 700) 
human metapneumovirus-associated ALRI hospital 

Table 2  Estimates of acute lower respiratory infections (ALRI) in-hospital case-fatality ratios (hCFRs, %) and in-hospital 
mortality in children and adolescents aged 5–19 years by UNICEF region and World Bank income region

Region No. of studies hCFR (%) In-hospital mortality

By UNICEF region†

Asia-Pacific 5 0.6 (0.2–2.5) 21 000 (5300–87 400)

Sub-Saharan Africa 6 2.1 (0.8–5.6) 19 300 (7200–49 100)

Eastern Europe and Central Asia 0 – –

High-income countries 8 0.3 (0.1–0.5) 700 (300–1200)

Latin America and Caribbean 4 1.6 (0.4–5.8) 7500 (2100–26 300)

Middle East and North Africa 4 1.3 (0.7–2.3) 1100 (600–2200)

By World Bank income region

Low income and lower middle income 7 1.6 (0.7–4.1) 51 100 (18 300–126 600)

Upper middle income 8 1.6 (0.6–4.2) 32 500 (11 900–90 400)

High income 12 0.4 (0.2–0.6) 1000 (600–1800)

Global‡ 87 900 (40 300–180 600)

*hCFR estimates were from meta-analyses. In-hospital mortality were estimated by combining hCFR estimates and the ALRI hospital 
admissions for 5–19 years.
†Asia-Pacific: the region of South Asia and the region of East Asia and the Pacific were combined due to the insufficient data. Sub-
Saharan Africa: the region of Eastern and Southern Africa and the region of West and Central Africa were combined due to insufficient 
data.
‡Global estimates were calculated as the sum of estimates by World Bank income region. The point value of the global estimate was 
slightly different from the sum of the point estimates by region due to the substantial uncertainties in the estimates across regions.

https://dx.doi.org/10.1136/bmjgh-2021-006014
https://dx.doi.org/10.1136/bmjgh-2021-006014
https://dx.doi.org/10.1136/bmjgh-2021-006014
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admissions and 124 800 (UR 67 300–228 500) human 
parainfluenza-virus-associated ALRI hospital admissions 
occurred in children and adolescents aged 5–14 years 
annually (table 4).

In a sensitivity analysis, we excluded two potential 
outlier studies with the highest rates, and the estimate 

of global all-cause ALRI hospital admissions (5.1 million 
(UR 3.9–6.8) for 5–19 years) was similar to the main anal-
ysis (online supplemental appendix p10). The estimated 
global influenza-associated ALRI hospital admissions was 
811 800 (UR 4 00 300–1 867 400) when excluding two 
potential outlier studies with the highest rates, and was 

Table 4  Estimates of proportion positives of acute lower respiratory infections (ALRI) associated with respiratory syncytial 
virus, human metapneumovirus and human parainfluenza virus, and the hospital admissions in children and adolescents by 
World Bank income region and UNICEF region

Virus (age group) Region No. of studies Proportion* Hospital admissions

Respiratory syncytial virus (5–19 years)† By UNICEF region‡

 �  Asia-Pacific 28 3.4 (2.1–5.7) 115 100 (58 900–217 100)

 �  Sub-Saharan Africa 5 6.9 (5.9–8.0) 62 700 (50 000–78 400)

 �  Eastern Europe and Central Asia§ 2 9.2 (4.5–19.0) –

 �  High-income countries 11 3.2 (1.4–7.2) 7700 (3300–17 000)

 �  Latin America and Caribbean 3 6.1 (3.3–11.4) 28 600 (15 100–54 500)

 �  Middle East and North Africa 5 6.4 (1.8–23.3) 6000 (1600–22 800)

 �  By World Bank income region

 �  Low and lower middle 15 4.0 (2.4–6.8) 125 000 (66 800–222 600)

 �  Upper middle 27 4.5 (2.8–7.2) 94 500 (51 100–170 200)

 �  High 12 3.9 (1.6–9.2) 10 800 (4800–27 600)

 �  Global¶ 231 800 (142 700–373 200)

Human metapneumovirus (5–14 years)** By UNICEF region

 �  Asia-Pacific 17 1.3 (0.7–2.5) 33 700 (15 400–72 000)

 �  Sub-Saharan Africa 3 3.1 (2–4.7) 22 500 (14 000–34 300)

 �  Eastern Europe and Central Asia 1 – –

 �  High-income countries 3 3.8 (1.8–8.1) 6900 (3300–14 400)

 �  Latin America and Caribbean 0 – –

 �  Middle East and North Africa 1 – –

 �  By World Bank income region

 �  Low and lower middle 6 3.1 (1.6–5.9) 74 000 (35 800–145 700)

 �  Upper middle 14 1.3 (0.6–2.5) 20 500 (9500–44 400)

 �  High 3 3.8 (1.8–8.1) 8100 (4000–18 500)

 �  Global 105 500 (57 200–181 700)

Human parainfluenza virus (5–14 years) By UNICEF region

 �  Asia-Pacific 19 3 (1.9–4.6) 75 700 (40 600–137 200)

 �  Sub-Saharan Africa 3 3.9 (2.7–5.7) 28 800 (18 700–42 300)

 �  Eastern Europe and Central Asia 0 – –

 �  High income countries 5 2.9 (1.1–7.6) 5200 (2100–12 900)

 �  Latin America and Caribbean 0 – –

 �  Middle East and North Africa 0 – –

 �  By World Bank income region

 �  Low and lower middle 5 2.6 (1–6.7) 61 500 (21 300–158 500)

 �  Upper middle 17 3.3 (2.2–5.1) 54 400 (30 200–94 700)

 �  High 5 2.9 (1.1–7.6) 6100 (2500–17 300)

 �  Global 124 800 (67 300–228 500)

*Estimates from meta-analyses.
†Proportion positives were estimated using data from mixed age groups. Three studies reported data for 5–9 years, 33 studies for 5–14 years, and 16 studies for 5–19 years.
‡Asia-Pacific: the region of South Asia and the region of East Asia and the Pacific were combined due to the insufficient data. Sub-Saharan Africa: the region of Eastern and Southern 
Africa and the region of West and Central Africa were combined due to insufficient data.
§We were unable to calculate respiratory syncytial virus hospital admissions in the region of Eastern Europe and Central Asia because of the lack of data on all-cause ALRI hospital 
admissions.
¶Global estimate was calculated as the sum of estimates by World Bank income regions. The point values of global estimates were slightly different from the sum of the point 
estimates by region due to the substantial uncertainties in the estimates across regions.
**Proportion positives were estimated using data for 5–14 years.
††Proportion positives were estimated using data for 5–14 years.
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1 077 100 (UR 4 57 200–2 643 100) when excluding studies 
using the definition of “ICD-coded influenza-confirmed 
respiratory hospital admissions” (online supplemental 
appendix pp12-13). Based on proportion positives of 
influenza-associated ALRI in 70 studies, the estimate of 
global influenza-associated ALRI hospital admissions was 
796 600 (UR 525 900–1 177 500) using the proportion-
based approach (online supplemental appendix p14).

DISCUSSION
Globally, an estimated 5.5 million (UR 4.0–7.8) all-cause 
ALRI hospital admissions occurred annually between 
1995 and 2019 in children and adolescents aged 5–19 
years, leading to 87 900 (UR 40 300–180 600) in-hospital 
deaths. Influenza virus and respiratory syncytial virus were 
estimated to account for 19% (1 078 600/5 546 100) and 
4% (231 800) of ALRI hospital admissions in the 5–19 
years age group. Human metapneumovirus (105 500) 
and human parainfluenza virus (124 800) accounted for 
about 2% of ALRI hospital admissions in the 5–14 years 
age group globally. Age-stratified results suggest that an 
estimated 55% (3 050 800) of ALRI hospital admissions 
and 63% (675 000) of influenza-associated ALRI hospital 
admissions occurred in children aged 5–9 years. By 
adding a country-level layer to our analytical model, we 
also report national estimates of all-cause ALRI hospital 
admissions for 39 countries and influenza-associated 
ALRI hospital admissions for 26 countries, accounting for 
57% and 52% of the global population 5–19 years of age. 
We found that all-cause ALRI hospital admission rates for 
5–19 years were similar over years in 15 of 21 countries 
where four or more consecutive years’ data were iden-
tified, and most of the countries are from World Bank 
upper middle-income and high-income regions. Addi-
tional multiyear data from low-income and lower middle-
income countries are needed to understand the trend of 
all-cause ALRI hospital admission rates in these regions.13

Several factors could have affected the national, 
regional and global burden estimates, including the 
lack of data and the presence of methodological differ-
ences between studies. For many countries, data on 
all-cause ALRI hospital admissions and deaths and 
influenza-specific hospital admissions for 5–19 years 
are not available in published reports. In particular, the 
large uncertainty in our global all-cause ALRI in-hospital 
mortality estimate (87 900 (UR 40 300–180 600)) reflects 
the difference in hCFRs of all-cause ALRI between studies 
and the paucity of hCFR data, especially the lack of data 
by narrow age groups. By region, the paucity of data is 
most extreme in World Bank low-income region and in 
the UNICEF regions of Eastern Europe and Central Asia, 
South Asia, and West and Central Africa. Estimates for 
these regions were based on extrapolation of estimates in 
neighbouring regions, and could have been biased. For 
example, estimates for the region of West and Central 
Africa were based on estimates for the region of Eastern 
and Southern Africa; the estimates in the two regions 

could have been different given differences in the disease 
epidemiology (eg, seasonal variations, HIV prevalence). 
About 60%–70% of the country-specific estimates were 
based on subnational research studies, which might not 
be generalisable to the entire country. Additionally, all-
cause and influenza-specific ALRI hospital admissions for 
some countries were estimated using historic data (eg, 
Germany, Israel and New Zealand for all-cause ALRI; 
Finland, Greece and Switzerland for influenza-associated 
ALRI), therefore need to be interpreted with caution.

Differences in case definitions between studies are 
noted, including less specific definitions (eg, hospital-
ised acute respiratory infections with/without fever), 
and more specific definitions (eg, hospitalised chest 
X-ray confirmed pneumonia). The heterogeneity in 
case definitions is more pronounced between studies 
reporting influenza-specific hospital admission rates. For 
example, 60% of the included studies used ‘hospitalised 
acute respiratory infections’ and severe acute respiratory 
infections as defined by WHO (or hospitalised acute 
respiratory infection with fever) and a further 10% used 
hospitalised ICD-coded influenza-confirmed respiratory 
hospital admissions.14 In a sensitivity analysis, exclusion 
of the studies using the least specific case definition (eg, 
hospitalised ICD-coded influenza-confirmed respira-
tory hospital admissions) yielded an estimate of global 
influenza-associated ALRI hospital admissions similar to 
that in the main analysis. Further restriction by case defi-
nitions in analyses was impossible, and the WHO defini-
tion of severe acute respiratory infections, developed for 
use in influenza surveillance in resource-limited settings, 
can be used more frequently in future influenza studies.14 
Generally, the use of the less specific definitions could 
have caused an overestimation of influenza-associated 
ALRI hospital admissions. On the other hand, influenza-
associated ALRI hospital admissions could have been 
underestimated due to the underdetection of influenza 
virus and the use of non-polymerase chain reaction (non-
PCR) tests. Although we have adjusted for underdetec-
tion, levels of underdetection are unavailable in 33% of 
the included studies, likely causing an underestimation 
of the influenza-associated ALRI hospital admissions. 
Additionally, the adjustment is based on the assumption 
that the proportion positives of influenza virus in patients 
who were tested was the same as that in those untested. 
The estimates could have been biased as the assumption 
may not hold in 38% of the included studies. Thirty-eight 
per cent of the included studies used culture, immuno-
fluorescence, rapid influenza test and mixed methods, 
which could have caused an underestimation to influ-
enza hospital admissions as they have lower sensitivity 
and similar specificity compared with PCR.15 Most of the 
virus-specific data are from 2000 onwards, and the lack 
of data for the period before 2000 could have biased our 
estimates.

Countries in the region of Sub-Saharan Africa have the 
highest HIV prevalence in young people.16 The analyses by 
UNICEF regions show that about 5.1 million all-cause ALRI 
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hospital admissions and 996 000 influenza-associated ALRI 
hospital admissions occurred globally excluding the region 
of Eastern Europe and Central Asia (96% of the global 
population 5–19 years of age), suggesting that our estimates 
of global all-cause and influenza-associated ALRI hospital 
admissions are generally unaffected by HIV.

Our estimate of global influenza-associated ALRI hospital 
admissions for 5–19 years is lower than the IHME estimate 
for 2017 (which was about 1.9 million influenza-attributable 
hospital admissions).2 Our estimate indicates that 862 900 
ALRI hospital admissions could be attributed to influenza 
after accounting for the same influenza-specific causal frac-
tion as used by IHME (80%). In our analysis, influenza-
specific hospital admissions were modelled independently 
from all-cause ALRI hospital admission estimates, while 
the IHME estimate for influenza was modelled on ALRI 
hospital admission estimates. Despite the higher number of 
influenza-specific hospital admissions by IHME, their esti-
mated proportion of influenza-positive hospital admissions 
in all-cause ALRI hospital admissions (about 11%) was lower 
than our estimate (19%). Therefore, the higher estimate by 
IHME is speculated to be largely driven by the underlying 
estimate of all-cause ALRI hospital admissions that they 
used. Further exploration of the difference is impossible 
as it requires additional information on the estimation of 
all-cause ALRI hospital admissions by IHME, specifically for 
5–19 years.

Viruses are usually isolated in upper respiratory tract 
samples. Isolation of viruses in upper respiratory tract 
does not indicate a causal relationship as viruses can 
also be isolated in upper respiratory tract of healthy chil-
dren. According to a systematic review in children under 
5 years, the attributable fraction in influenza-positive 
ALRI is 80%; the fraction is 90% for respiratory syntac-
tical virus, 73% for human metapneumovirus-positive 
ALRI, and 70% for human parainfluenza virus-positive 
ALRI.17 After accounting for the attributable fraction 
in our estimates for laboratory confirmed cases of ALRI 
positive for these 4 viruses, about 16% of all-cause ALRI 
hospital admissions can be attributed to influenza virus 
(862 900) and 4% attributable to respiratory syntactical 
virus (208 600) in 5–19 years. Using the same approach, 
1%–2% of all-cause ALRI hospital admissions are attrib-
utable to human metapneumovirus (77 000) and human 
parainfluenza virus (87 400) in 5–14 years. A comparison 
between global all-cause and virus-specific ALRI esti-
mates for 5–19 years and those for children under 5 years 
suggests that the estimates for 5–19 years (by 5-year age 
intervals where available) are at least 65% lower except 
for influenza-associated hospital admissions in 5–9 year 
olds (675 000) where it is only 20% lower than for chil-
dren under 5 years (870 000).5 13 18

CONCLUSIONS
Our estimates provide evidence to support evaluation of 
all-cause ALRI intervention programmes for 5–19 years. 
In particular, the estimated high proportion of identi-
fication of influenza (19%) in all-cause ALRI hospital 

admissions for 5–19 years, especially in 5–14 years (22%) 
indicates the potential benefit of influenza vaccination in 
this age group.19 20 In addition to vaccines, a decrease in 
the prevalence of risk factors (eg, HIV and malnutrition) 
may also contribute to the reduction of all-cause ALRI 
burden in this age group.21–24 To improve the precision 
of the burden estimates and to track trends over time, 
more high-quality data are needed. Our regional and 
global estimates were based on extrapolation of available 
data from limited countries. The paucity of data as well 
as the low hospital admission rates in low-income coun-
tries reflects the limited access to healthcare, lack of high-
quality healthcare systems, and the limited diagnostic 
capacity, which present a challenge to both the reduc-
tion and tracking of ALRI burden in this setting. Given 
these constraints, it is likely that the number of influenza-
associated ALRI cases requiring hospital admission is 
underestimated in low-income countries. The data gaps 
for all-cause ALRI burden can be reduced as high-quality 
electronic healthcare registration systems are developed, 
and data are increasingly reported in places where such 
systems have been present.25 Increasing the diagnostic 
capacity in low-income and lower middle-income coun-
tries would improve the availability of viral burden data.26 
The imputation by 5-year age groups was based on data 
from a small proportion of studies (nine studies for ALRI 
and eight studies for influenza-associated ALRI; online 
supplemental appendix p7). Increased reporting of data 
by standardised 5 year age groups will help improve esti-
mates of all-cause and virus-specific ALRI hospital admis-
sions, and allow for estimation of ALRI in-hospital deaths 
by age groups. Assessment of the trend of all-cause ALRI 
burden requires more than multiyear hospital admission 
rates; collection and reporting of concurrent hCFR data 
will help quantify the progress in reducing ALRI mortality 
in 5–19 years of age and improve ALRI mortality estimates. 
In terms of methodology, standardisation of case defini-
tions, and assessment and reporting of underdetection of 
viruses will help improve all-cause and virus-specific ALRI 
burden estimates. Using existing influenza surveillance 
systems to incorporate testing for other viruses may help 
fill the larger data gaps, we observed for non-influenza 
viruses (ie, respiratory syncytial virus, human metap-
neumovirus and human parainfluenza virus). Our study 
includes the four viruses as among others, they are shown 
to be the viruses most strongly associated with ALRI in 
children under 5 years and therefore likely to result in 
substantial disease burden in older children as well.3 
There are other viruses that are associated with ALRI (eg, 
adenovirus, rhinovirus, enterovirus and seasonal corona-
virus), and the burden of these viruses needs to be inves-
tigated in future studies.
Twitter Xin Wang @XinWang1991
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