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Global, regional, and national burden of upper respiratory
infections and otitis media, 1990-2021: a systematic
analysis from the Global Burden of Disease Study 2021

GBD 2021 Upper Respiratory Infections and Otitis Media Collaborators*

Summary

Background Upper respiratory infections (URIs) are the leading cause of acute disease incidence worldwide and
contribute to a substantial health-care burden. Although acute otitis media is a common complication of URIs, the
combined global burden of URIs and otitis media has not been studied comprehensively. We used results from the
Global Burden of Diseases, Injuries, and Risk Factors Study 2021 to explore the fatal and non-fatal burden of
the two diseases across all age groups, including a granular analysis of children younger than 5 years, in 204 countries
and territories from 1990 to 2021.

Methods Mortality due to URIs and otitis media was estimated with use of vital registration and sample-based vital
registration data, which are used as inputs to the Cause of Death Ensemble model to separately model URIs and otitis
media mortality by age and sex. Morbidity was modelled with a Bayesian meta-regression tool using data from
published studies identified via systematic reviews, population-based survey data, and cause-specific URI and otitis
media mortality estimates. Additionally, we assessed and compared the burden of otitis media as it relates to URIs
and examined the collective burden and contributing risk factors of both diseases.

Findings The global number of new episodes of URIs was 12-8 billion (95% uncertainty interval 11-4 to 14-5) for all
ages across males and females in 2021. The global all-age incidence rate of URIs decreased by 10-1% (-12-0 to -8-1)
from 1990 to 2019. From 2019 to 2021, the global all-age incidence rate fell by 0-5% (-0-8 to —0-1). Globally, the
incidence rate of URIs was 162484 -8 per 100000 population (144 834-0 to 183289-4) in 2021, a decrease of 10-5%
(-12-4 to —-8-4) from 1990, when the incidence rate was 1815525 per 100 000 population (160827-4 to 206214 -7).
The highest incidence rates of URIs were seen in children younger than 2 years in 2021, and the largest number of
episodes was in children aged 5-9 years. The number of new episodes of otitis media globally for all ages was
391 million (292 to 525) in 2021. The global incidence rate of otitis media was 4958-9 per 100000 (3705 -4 to 6658 - 6)
in 2021, a decrease of 16-3% (-18-1 to —-14-0) from 1990, when the incidence rate was 5925-5 per 100000
(4371-8 to 8097-9). The incidence rate of otitis media in 2021 was highest in children younger than 2 years, and the
largest number of episodes was in children aged 2-4 years. The mortality rate of URIs in 2021 was 0-2 per 100 000
(0-1to0 0-5), a decrease of 64-2% (-84 6 to —43 - 4) from 1990, when the mortality rate was 0-7 per 100000 (0-2 to 1-1).
In both 1990 and 2021, the mortality rate of otitis media was less than 0-1 per 100 000. Together, the combined burden
accounted for by URIs and otitis media in 2021 was 6-86 million (4-24 to 10-4) years lived with disability and
8-16 million (4-99 to 12-0) disability-adjusted life-years (DALYs) for all ages across males and females. Globally, the
all-age DALY rate of URIs and otitis media combined in 2021 was 103 per 100000 (63 to 152). Infants aged 1-5 months
had the highest combined DALY rate in 2021 (647 per 100 000 [189 to 1412]), followed by early neonates (aged 0-6 days;
582 per 100000 [176 to 1297]) and late neonates (aged 7-24 days; 482 per 100000 [161 to 1052]).

Interpretation The findings of this study highlight the widespread burden posed by URIs and otitis media across all
age groups and both sexes. There is a continued need for surveillance, prevention, and management to better
understand and reduce the burden associated with URIs and otitis media, and research is needed to assess their
impacts on individuals, communities, economies, and health-care systems worldwide.

Funding Bill & Melinda Gates Foundation.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Upper respiratory infections (URIs) are the leading cause
of acute disease incidence worldwide.! Despite their
relatively low risk of severe illness and mortality, URIs
pose a substantial economic and health-care burden due

to medical expenses, lost productivity, and increased
health-system strain.** This burden is particularly
relevant for primary care providers when considering the
impact of concurrent or subsequent otitis media, a
common cause of care seeking for children younger than
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Research in context

Evidence before this study

Previous research using data from the Global Burden of
Diseases, Injuries, and Risk Factors Study (GBD) 2019 outlined
the burden of upper respiratory infections (URIs) on an
aggregate of children younger than 5 years, the age group in
which URI burden is the highest. Studies have previously
established a strong link between URIs and otitis media in
adults and children, indicating that URIs can adversely affect the
eustachian tube by facilitating pathogen colonisation of the
middle ear. We searched PubMed for the terms (“upper
respiratory infection*” OR “URI” OR “respiratory tract
infections”) AND (“otitis media”) AND (“burden” OR
“estimates” OR “prevalence” OR “incidence”) AND (“risk
factor*”), with no language restrictions, for publications from
Jan1, 1980, to Oct 8, 2023. This search yielded 41 articles.

Of these studies, 20 reported on URI incidence, ten reported on
otitis media incidence, and 11 dealt with both URIs and otitis
media. Of the 11 studies reporting on URIs and otitis media,
all measured incidence in children younger than 8 years, with
no granular age breakdowns. None of the 11 studies reported
years lived with disability (YLDs), disability-adjusted life-years
(DALYs), years of life lost, or mortality. We also did not find
studies that reported the combined burden of URIs and otitis
media. Of the 11 studies, nine reported on subnational trends
and two were reviews that did not report global estimates.

Added value of this study

For the first time, this study assessed the incidence, mortality,
YLDs, and DALYs from URIs in more granular age groups of
children aged 1-5 months, 6-11 months, 12-23 months, and
2-4 years. We also integrated many new data sources on the
morbidity and mortality of URIs since GBD 2019. Until now,

5 years.’ Additionally, the mismanagement of URIs and
otitis media contributes considerably to increased
antimicrobial resistance globally, with URIs being a
major contributor to antibiotic prescriptions.*”

URIs can be acquired through various respiratory
routes, ranging from the transmission of pathogens onto
mucous membranes via contaminated hands to the
inhalation of aerosols from an infected individual."
These transmission methods are influenced by factors
such as ambient temperature, humidity, and crowding."
URIs are caused by numerous pathogens, including
rhinoviruses, coronaviruses, influenza, respiratory
syncytial virus (RSV), Streptococcus pyogenes, Streptococcus
pneumoniae, Haemophilus influenzae, and Mycoplasma
pneumoniae. The potential risk of URIs progressing into
more severe disease is substantial given the sheer
magnitude of URI cases each year. This potential risk is
particularly important in the wake of the COVID-19
pandemic, which often saw infection beginning in the
upper respiratory tract before progressing to more life-
threatening illness.”"
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the comprehensive burden of otitis media, a disease closely
related to URIs, has not been assessed. This study shows the
similarities in trends between these two conditions and
provides new insights into the burden of otitis media, as well as
the combined burden of both URIs and otitis media, by
providing the incidence, mortality, YLDs, and DALYs of otitis
media for 204 countries across all age groups, by sex.

Implications of all the available evidence

URIs result in substantial morbidity and economic burden
worldwide. Although they rarely cause death or severe disease,
URIs can lead to more serious infections such as otitis media
and lower respiratory infections, as seen for SARS-CoV-2, and
contribute to antimicrobial resistance through the
inappropriate prescription of antibiotic medicines as a
treatment for otitis media, URIs, or both. Understanding the
interconnected nature of URIs and otitis media is crucial to
addressing both the individual and combined burden of these
diseases effectively through the design of strategies and public
health interventions to address their impact. Strategies could
include promoting better hygiene practices, implementing
antimicrobial stewardship programmes, emphasising the
importance of as well as ensuring equal access to vaccinations,
and conducting further research to elucidate the underlying
causes and contributing factors. Implementing targeted
preventive interventions could help to reduce the burden of
URIs and otitis media in children younger than 2 years, who
account for the highest rate of episodes across all age groups.
By comprehensively addressing the impact of URIs and otitis
media, we can advance global public health efforts and
enhance the quality of life of affected individuals and
communities.

Acute otitis media, an infection of the middle ear that
can be caused by bacteria, viruses, or a combination of
both, is the second most common paediatric illness
following URIs.*" Acute otitis media is characterised by
the presence of fluid within the middle ear alongside the
signs of acute infection and ear pain.” Acute otitis media
is often a complication following a URI when the
eustachian tube is colonised by URI-associated pathogens
through congestion of the nasal and nasopharyngeal
mucosa, allowing pathogens to enter the middle ear and
trigger inflammation.” In previous research, more than
60% of URI episodes in children younger than 35 months
were complicated by a simultaneous case of otitis media.”
Infants who frequently have URIs are more likely to
contract a concurrent or subsequent instance of otitis
media.”

Although the link between URIs and acute otitis media
is well established, a comprehensive assessment of their
combined burden across age groups and diverse
geographical contexts has been lacking, particularly in
children younger than 5 years, thereby limiting informed
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decision making on interventions and policies to address
the burden of these two associated diseases. Using the
estimates produced by the Global Burden of Diseases,
Injuries, and Risk Factors Study (GBD) 2021, we aimed
to assess the incidence, mortality, years lived with
disability (YLDs), and disability-adjusted life-years
(DALYs) of URIs and otitis media across age groups and
204 countries and territories. Compared with the
previous iteration, GBD 2019, we assessed the burden in
more granular age groups of children younger than
5 years (1-5 months, 6-11 months, 12-23 months, and
2—4 years) to better understand the burden in children,
who have the highest incidence rates of URIs and otitis
media. We also aimed to analyse the combined burden of
URIs and otitis media through YLDs, reflecting their
interconnected nature.

Methods

GBD modelling overview

GBD 2021 produced estimates of deaths, incidence, years
of life lost (YLLs), YLDs, and DALYs for URIs and otitis
media by age and sex for 204 countries and territories
from 1990 to 2021. Modelling was done using 1000 draws,
and 95% uncertainty intervals (UIs) were calculated as
the 25th and 975th ranked values of the 1000 draws.
Percentage changes were calculated as the difference
between the final value (for the year 2021) and the initial
value (for the year 1990), then divided by the initial value
and multiplied by 100. Age-standardised rates were
computed using the GBD 2021 global population age
standard. Socio-demographic Index (SDI) for each
country was computed as the geometric mean of each
country’s lag-distributed income per capita, average years
of schooling, and the total fertility rate in females
younger than 25 years.”” Full descriptions of the GBD
studies and methodology have been previously
published.”

The GBD Sources tool, found on the Global Health
Data Exchange (GHDx), provides all metadata for input
sources described below. It allows readers to identify
which sources were used for estimating an outcome in
any given location. Statistical code used for GBD
estimation is also publicly available on the GHDx. This
research complies with the GATHER statement
(appendix 1 p 77).

Estimating incidence, prevalence, and mortality for
URIs and otitis media

Incidence and prevalence of non-COVID-19 URIs were
modelled using a Bayesian meta-regression tool,
DisMod-MR 2.1.# The inputs into the URI model
consisted of data from published studies identified
through systematic reviews and nationally representative
surveys, including the US National Health Interview
Surveys and Demographic and Health Surveys (DHS).
Excluded from DisMod-MR 2.1 were data that were not
population-based and studies that did not provide

primary data, had a sample size of less than 150, or were
reviews or case series. A more comprehensive description
of the input data and the associated search string from
the systematic review is provided in appendix 1 (pp 4-11).

In the GBD framework, acute and chronic otitis media
are modelled as separate non-fatal health outcomes
using DisMod-MR 2.1. The inputs into the otitis media
models consisted of data from published studies
identified via systematic reviews, population-based
surveys, and health insurance claims data (more details
can be found in appendix 1 p 11). For the purposes of this
Article, we present the combination of acute and chronic
non-fatal otitis media as one disease category, non-fatal
otitis media, for consistency with fatal otitis media,
which is modelled as a single entity.

The Cause of Death Ensemble model (CODEm)
framework was used to estimate mortality due to non-
COVID-19 URIs and otitis media separately in the GBD
2021 study, using data from vital registration, sample-
based vital registration, and minimally invasive tissue
sample diagnoses as the inputs.? CODEm creates a
diverse array of submodels with different functional
forms (linear mixed-effects models with random
intercepts at the super-region, region, and country levels,
assuming these random effects are normally distributed,
and spatiotemporal Gaussian process regression models)
for the outcome variable, either the mortality rate or
cause fraction, using various combinations of predictive
covariates. Appendix 1 provides the complete list of
covariates for URIs (p 4) and otitis media (p 11). The
selection of the ensemble of models was based on the
best performance in out-of-sample predictive validity
tests.

Estimating YLLs, YLDs, and DALYs

GBD calculates YLLs as the sum of each death multiplied
by the standard life expectancy at each age. URIs have
two severity levels: mild and moderate-severe URIs.
YLDs from URIs were calculated by multiplying a dis-
ability weight for each of the URI severity levels and the
percentage of episodes that fall into each level. Otitis
media has ten severity levels: acute otitis media, severe
infectious complications due to chronic otitis media,
mild hearing loss due to chronic otitis media, moderate
hearing loss due to chronic otitis media, mild hearing
loss with ringing due to chronic otitis media, moderate
hearing loss with ringing due to chronic otitis media,
vertigo with mild hearing loss due to chronic otitis
media, vertigo with mild hearing loss and ringing due to
chronic otitis media, vertigo with moderate hearing loss
due to chronic otitis media, and vertigo with moderate
hearing loss and ringing due to chronic otitis media.
YLDs from otitis media were calculated in the same
manner as URIs by multiplying each severity level’s
corresponding disability weight with the percentage of
episodes that are attributed to each severity level. The
disability weights for severity levels of URIs and otitis
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Figure 1: URI and otitis media incidence rates (A) and DALY rates (B) per 100 000 population, by super-region, in 1990 and 2021
Shaded areas are 95% uncertainty intervals. DALY=disability-adjusted life-year. URI=upper respiratory infection.

media were derived from the GBD disability weights
study* and can be found in appendix 1 (pp 15-16). DALYs
were calculated as the sum of YLLs and YLDs for all
locations, years, and age groups, by sex. More detailed
information on the calculation of YLLs, YLDs, and DALYs
has been published elsewhere.”

Risk attribution estimation for DALYs and YLDs

Detailed methods for GBD risk factor estimation have
been published elsewhere.” To summarise, we selected
risk—outcome pairs that held a convincing or probable
causal relationship between the risk factor and the
outcome (URIs and household air pollution, as an
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example). Relative risks for the associations between the
risk factors and URIs and otitis media were estimated on
the basis of published systematic reviews. The level
of exposure to risk factors was estimated using
spatiotemporal Gaussian process regression, a Bayesian
meta-regression method (DisMod-MR 2.1), or alternative
methodology (appendix 1 pp 16-79). Using available data
sources, exposure levels equating to minimum risk
(theoretical minimum risk) were determined (appendix 1
pp 16-79). YLDs and DALYs attributed to each risk factor
were computed by multiplying population attributable
fractions by the relevant outcome quantity for year, age
group, and sex.

2021
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Figure 2: Global URI episodes in millions (A) and incidence rates per 100 000 population (B), by age, in 1990 and 2021

URI=upper respiratory infection.

More detailed URI and otitis media burden results by
age and sex across locations and years are available in the
GBD Results Tool.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Non-fatal and fatal burden of URIs

In 2021, there were 12-8 billion (95% UI 11-4-14-5)
episodes of URI globally for all ages across males and
females (appendix 2 p 5). In 1990, this value was
9-68 billion (8-58-11-0). The all-age incidence rate of
URI in 2021 was 162484-8 per 100000 population
(144834-0-183289-4; appendix 2 p 5; figure 1). The
highest incidence rate of URIs was seen in
children aged 12-23 months (328644-6 per 100000
[249094-0-420845-1]), followed by those aged
6-11months (3137729 per 100 000241920 - 5-400 104- 3])
and 1-5 months (295690-7 [237157-2-359466-6];
appendix 2 p 5; figure 2). The largest count of URI
episodes was seen in children aged 5-9 years
(1-50 billion [1-02-2-06]), followed by those aged
2—4 years (1-18 billion [0-857-1-54]) and 10-14 years
(1-14 billion [0-793-1-57]; appendix 2 p 5; figure 2).
Among people aged 15 years and older, the age group

with the largest incidence rate per 100000 in 2021
was age 15-19 years (160574-2 [111176-9-216450-9]),
followed by 20-24 years (157 525-4[112 631-9-214581-1]),
and 25-29 years (1526891 [110765-7-207683-7]). The
same pattern was observed for URI episodes (appendix 2
p5; figure 2).

Between 1990 and 2019, the global all-age incidence
rate of URIs decreased by 10-1% (95% UI —-12-0 to —8-1),
from 181552-5 per 100000 (160827-4 to 206214-7) to
163255-1 per 100000 (1456306 to 183924-0; figure 1;
appendix 2 p 5). From 2019 to 2021, the global all-age
incidence rate decreased by 0-5% (-0-8 to —0-1), to
162484-8 per 100000 (1448340 to 183289-4), with
substantial variation across regions, showing increasing,
decreasing, or no changes in URI incidence rates
(appendix 2 p 5).

The highest all-age incidence rates per 100000 popu-
lation in 2021 were seen in high-income North America
(269253-0 [95% UI 241387-5-297109-8]), Oceania
(236110-1 [208105-9-267109-9]), and Tropical Latin
America (227863-0 [201295-0-259060-5]; appendix 2
p 5; figure 1). When classified by SDI, the largest number
of episodes in 2021 was seen in middle SDI regions at
3-85 billion (3-42—4-37) episodes, although the highest
rate of URIs was held by high SDI regions (203 5382 per
100000 [183 388 -8-225459-6]; appendix 2 p 5).

Globally, URIs accounted for 19600 deaths (95% UI
7040-41600) in 2021 (appendix 2 p 6), with a mortality
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Figure 3: Global otitis media episodes in millions (A) and incidence rates per 100 000 population (B), by age, in 1990 and 2021

rate of 0-2 per 100000 (0-1-0-5), a 64-2% (43-4-84-6)
decrease in mortality rate from 1990 (appendix 2 p 6).
The age distribution of URI deaths and mortality rates is
illustrated in appendix 2 (p 2). The regions with the
highest mortality rate per 100000 in 2021 were eastern
sub-Saharan Africa (1-4 per 100000 [0-1-3-7]), western
sub-Saharan Africa (1-3 per 100000 [0-2-3-7]), and
central sub-Saharan Africa (1-0 per 100000 [0-1-3-3];
appendix 2 p 6). The highest number of deaths came
from the low SDI regions in 2021 (12100 [1100-31500]),
and the highest mortality rate was also from low SDI
regions (1-1 per 100000 [0-1-2-8]; appendix 2 p 6).

The number of YLDs from URIs in 2021 was
4-41 million (95% UI 2-68 to 6-73) globally (appendix 2
p 7). In 1990, the number of YLDs from URIs was
3-34 million (2-01 to 5-10), representing a 31-8%
(29-1to 34-9) increase from 1990 to 2021. In 2021, global
YLLs from URIs reached 1-27 million (0-299 to 2-98),
representing a decrease of 43-7% (~77-1 to —10-0) from
1990 (2-26 million [0-727 to 3-95]; appendix 2 p 7). In
2021, the number of global DALYs from URIs was
5-68 million (3:26 to 8-38), an increase of 1-3%
(-15-4 to 19-3) from 1990, when DALYs totalled
5-60 million (3-45 to 7-91; appendix 2 p 7). The rate of
DALYs per 100000 has been decreasing across all super-
regions (figure 1; appendix 2 p 9), with a global decline
from 1051 (64-6 to 148-3) in 1990, to 78 -8 (45 2 to 116-0)
in 2010, to 73-8 (42-3 to 109-3) in 2019, and to 72-0
(41-3 t0 106-2) in 2021.

www.thelancet.com/infection Vol 25 January 2025

Non-fatal and fatal burden of otitis media
The number of episodes of otitis media globally for all
ages across males and females reached 391 million
(95% UI 292 to 525) in 2021, an increase from 316 million
(233 to 432) in 1990 (appendix 2 p 10). The incidence rate
of otitis media in 2021 was 4958-9 per 100000
(3705-4 to 6658-6), a decrease of 16-3% (-18-1 to —14-0)
since 1990 (5925-5 per 100000 [4371-8 to 8097-9;
figure 1). The highest incidence rate was seen in
children aged 12-23 months (30404-7 per 100000
[16470-1to 50221-0]), followed by those aged 6-11 months
(29600-1 per 100000 [17571-3 to 45019-3]) and
1-5 months (256684 per 100000 [15768-7 to 38629-4];
appendix 2 p 10; figure 3). The largest count of otitis
media episodes was seen in children aged 2—4 years
(986 million [55-2 to 155-0]), followed by those aged
5-9 years (90 -6 million [45-5 to 159-0]) and 12-23 months
(39-0 million [21-1to 64-5]; figure 3). Among people aged
15 years and older, the largest number of episodes in 2021
was seen in those aged 15-19 years (18-6 million
[11-4 to 29-1]), followed by those aged 20-24 years
(10-5 million [4- 84 to 18- 5]), and 35-39 years (9- 68 million
[5-58 to 16-1]; appendix 2 p 10). The same pattern was
observed for the incidence rate (appendix 2 p 10; figure 3).
The highest incidence rate of otitis media in 2021 was
seen in western sub-Saharan Africa (8665-1 per 100000
[95% UI 6267-5-12058-9]; appendix 2 p 10; figure 1). The
largest number of episodes came from low-middle SDI
regions in 2021 (119 million [86-9-162]; appendix 2 p 10).
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Figure 4: Combined YLD rates of URIs and otitis media globally, by age, in 2021
URIs=upper respiratory infections. YLD=years lived with disability.

Low SDI regions also had the highest rate of otitis media
in 2021 (8244-0 per 100000 [5944-4-11412-5]; appendix 2
p 10).

Globally, the number of deaths caused by otitis media
was 536 (95% UI 217 to 1240) in 2021 (appendix 2 p 11). In
both 1990 and 2021, the mortality rate of otitis media was
less than 0-1 per 100000, with a decrease of 75-4%
(-83-8 to —57-1) in this period (appendix 2 p 11). The age
distribution of otitis media deaths and mortality rates is
illustrated in appendix 2 (p 3).

The number of YLDs from otitis media in 2021 was
2-45 million (95% UI 1-43 to 3-94) globally (appendix 2
p 7). In 1990, otitis media YLDs reached 2-03 million
(1-18 to 3-28), representing an increase of 20-7%
(16-8 to 24-5) from 1990 to 2021 (appendix 2 p 7). In 2021,
global all-age YLLs from otitis media reached 28200
(9000 to 76400), representing a decrease of 69-9%
(~84-2 to —39-3) since 1990 (93600 [52000 to 168 000];
appendix 2 p 7). In 2021, the global number of otitis
media DALYs was 2-48 million (1-46 to 3-97; appendix 2
p 7). The rate of DALYs per 100000 has been decreasing
across all super-regions, with a global decline from 39-8
(23-9 to 63-2) in 1990, to 34-0 (20-1 to 54-3) in 2010, to
31-7 (18-7 to 50-6) in 2019, and to 31-4 (18-5 to 50-4) in
2021 (figure 1; appendix 2 p 9).

Combined burden of URIs and otitis media

The number of YLDs accounted for by URIs and otitis
media together in 2021 was 6-86 million (95% UI
4-24-10-4) for all ages across males and females (appendix
2 p 13). The age group with the largest combined count of
YLDs was age 5-9 years (925000 [553000-1470000]),
followed by 10-14 years (697000 [396000-1110000]) and

2—4 years (661000 [380000-1040000]; appendix 2 p 13).
Among people aged 15 years and older, the largest number
of combined YLDs was seen in those aged 15-19 years
(603000 [351000-973000]), followed by those aged
20-24 years (521000 [304000-837000]), and 25-29 years
(459000 [263 000-733 000]; appendix 2 p 13).

The total combined rate of YLDs for all ages across
males and females was 87 per 100000 (54-132; figure 4;
appendix 2 p 13). The age group with the largest
combined rate of YLDs was age 2—4 years (164 per
100000 [94-259)), followed by 12-23 months (160 per
100000 [92-250]) and 6-11 months (142 per 100000
[82-221]; figure 4; appendix 2 p 13). Among people aged
15 years or older, the largest combined rate was seen in
those aged 15-19 years (97 per 100000 [56-156]),
followed by those aged 20-24 years (87 per 100000
[51-140]), and 25-29 years (78 per 100000 [45-125];
appendix 2 p 13).

The number of DALYs in 2021 from the combined
burden of URIs and otitis media was 8-16 million
(95% UT 4-99-12-0) for all ages across males and females
(appendix 2 p 13). The age group with the largest count of
DALYs was age 5-9 years (998000 [596000-1570000]),
followed by 2—4 years (827000 [474000-1240000]) and
1014 years (728 000 [421000-1130000]; appendix 2 p 13).
Among people aged 15 years and older, the largest count
of DALYs was seen in those aged 15-19 years (622000
[359000-990000]), followed by those aged 20-24 years

Figure 5: Maps of combined YLD rates (A) and DALY rates (B) for upper
respiratory infections and otitis media in 2021
DALY=disability-adjusted life-year. YLD=years lived with disability.
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(538000 [318000-853000]), and 25-29 years (473000
[278000-750 000]; appendix 2 p 13).

The all-age combined DALY rate in 2021 was 103 per
100000 (63-152; appendix 2 p 13). Infants in the
1-5 months age group had the highest DALY rate per
100000 in 2021 (647 [189-1412]), followed by early
neonates (aged 0-6 days; 582 per 100000 [176-1297]) and
late neonates (aged 7-24 days; 482 per 100000 [161-1052];
appendix 2 p 13). Among people aged 15 years and older,
the largest rate of DALYs was seen in those aged
15-19 years (100 per 100000 [58-159]), followed by those
aged 20-24 years (90 per 100000 [53-143]), and 95 years
and older (82 per 100000 [57-127]; appendix 2 p 13).

The region with the largest combined DALY rate in
2021 was eastern sub-Saharan Africa (214-8 per 100000
[95% UI 86-5-401-6]), followed by western sub-Saharan
Africa (198-5 per 100000 [86-8-395-7]) and central sub-
Saharan Africa (178 -4 per 100000 [89-0-348 - 5]; appendix
2 p 14). The country with the highest combined DALY
rate in 2021 was Somalia (364-3 per 100000
[103-0-1108-1]), followed by Central African Republic
(309-1 per 100000 [119-3-684-1]) and Burkina Faso
(286-4 per 100000 [96-0-816-8]; figure 5B; appendix 2
p 14).

Risk factor attribution of DALYs for URIs and otitis
media

The total number of DALYs attributable to the evaluated
risk factors of URIs in 2021 was 32600 (95% UI
7690 to 79100), a decrease of 54-6% (-79-7 to —29-0)
since 1990, when the total was 71800 (21100 to 141000;
appendix 2 p 15). For otitis media, the total number of
DALYs attributable to evaluated risk factors in 2021 was
80200 (35100 to 144000), a decrease of 23-7%
(—31-8 to —19-0) since 1990, when DALYs attributable to
the evaluated risk factors reached 105000 (48600 to
183 000; appendix 2 p 15).

In the GBD framework, URI burden is attributable to
four risk factors. The largest risk factor contributing to
URI DALYs in 1990 was low birthweight (57600 DALYs
[95% UI 16000 to 115000]; appendix 2 p 15). Low
birthweight continued to be the largest risk factor for
URI DALYs in 2021 at 26 500 (5200 to 65800), which was
a decrease of 54-0% (-80-0 to —26-8) since 1990
(appendix 2 p 15). The second largest risk factor for URI
DALYs in 2021 was short gestation (11600 [1840 to 29 600]),
followed by household air pollution (9200 [1620 to 22 800])
and ambient particulate matter (2510 [983 to 5800];
appendix 2 p 15).

Otitis media is attributable to five risk factors in the
GBD framework. The greatest risk factor contributing to
the DALYs of otitis media in 1990 was second-hand
smoke (101000 DALYs [95% UI 46000 to 178000];
appendix 2 p 15). In 2021, second-hand smoke remained
the greatest risk contributing to otitis media DALYs at
79600 DALYs (34600 to 143000), a decrease of 21-6%
(-26-5 to =17-9) from 1990 (appendix 2 p 15). The second

largest risk factor of otitis media DALYs in 2021 was low
birthweight (444 [164 to 1070]), followed by household
air pollution (250 [110 to 521]), short gestation (202
[69 to 486]), and ambient particulate matter (78 [36 to 144];
appendix 2 p 15).

Discussion

To our knowledge, this study represents the first
comprehensive assessment of the global burden of
two interconnected infectious diseases, URIs and otitis
media, highlighting the magnitude of these conditions
and their impact on public health. The study also is the
first to explore the burden of these diseases at more
granular age and geographical levels. In 2021, there were
an estimated 12-8 billion episodes of URIs and
19600 deaths due to URIs, while otitis media accounted
for 391 million episodes and 536 deaths. In both URIs
and otitis media, the highest burden was seen in neonatal
and paediatric age groups.

Our results show that URIs are widespread and
associated with substantial morbidity. The incidence rate
alone makes URIs the highest-ranking communicable
disease across the infections studied in the GBD
framework. Diarrhoea, the second highest-ranking
communicable disease in 2021, accounted for
approximately 59000 episodes per 100000 population,
while the third highest-ranking communicable disease
for all ages was COVID-19, estimated at 29000 episodes
per 100000 population; both occurred at substantially
lower rates than URIs (162000 episodes per 100000). In
children younger than 5 years, the incidence rate of URIs
was over three times greater than that of diarrhoea, and
over 15 times greater than that of COVID-19.%

Although URIs rarely result in death, with 19 600 deaths
globally in 2021, they contribute to nearly half of incident
episodes of all diseases globally and impose a substantial
burden on individuals, health-care systems, and
economies.”*” Of deaths from URIs, the highest
mortality rates occurred among adults aged 95 years and
older and newborn babies, showing the disproportionate
impact of URIs among the more vulnerable members of
the population. Mortality rates due to URIs were highest
in sub-Saharan Africa, and the combined DALY rate
followed the same trend, with highest rates in Somalia,
Central African Republic, and Burkina Faso. This trend
might be explained in part by lower access to quality
health care in those regions. In 2019, universal health-
care coverage in Somalia and Central African Republic
largely lagged behind that in other countries.” By
improving universal health-care coverage, the mortality
rates of URIs and other communicable diseases might
be alleviated.

Despite the relatively low mortality rate, it is important
to note that URIs can lead to more severe lower
respiratory infections (LRIs), which are associated with
much higher mortality rates.” For example, SARS-CoV-2
often infected the wupper respiratory tract before
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progressing to more severe and fatal disease in the lower
respiratory tract.” URIs can be caused by a variety of
different viruses, including rhinoviruses, coronaviruses,
adenoviruses, enteroviruses, influenza viruses, para-
influenza viruses, and RSV. Of these, rhinoviruses are
among the predominant viral pathogens responsible for
URIs.”* During the COVID-19 pandemic, rhinoviruses
continued to propagate despite the use of face masks,
physical distancing, and lockdown measures.”

In terms of URI-related morbidity, YLDs due to URIs
are higher than those for many more prominent
infectious diseases, such as tuberculosis, HIV, and LRIs.”
When considered in combination with otitis media,
the impact of URIs in terms of healthy life lost
due to disability grows, emphasising the long-term
consequences and potential impact on quality of life
caused by these infections. Similar to URIs, the incidence
of otitis media has been increasing since 1990. Previous
studies have consistently reported the highest incidence
rates of otitis media in children aged 1-4 years, with a
peak incidence in children aged 6-18 months.®** In this
study, the highest incidence rates of otitis media were
estimated for children aged 12-23 months, followed by
those aged 6-11 months, showing considerable overlap
with age groups most affected by URIs. Together, URIs
and otitis media accounted for 6-86 million YLDs in
2021, with children aged 5-9 years contributing the
largest proportion of this burden, followed by those aged
10-14 years. These infections spread quickly among
school-aged children,"*" underscoring the need for
targeted prevention and intervention strategies, which
could include promoting appropriate hygiene practices,
implementing antimicrobial stewardship programmes,
and emphasising the importance of vaccinations.”***

The rise in antimicrobial resistance (AMR) is
particularly notable when considering the widespread
occurrence of URIs and otitis media, as URIs account for
a large proportion of antibiotic prescriptions in primary
care settings.* The inappropriate prescription of
antibiotics in some cases of URI facilitates an
environment conducive to the emergence of AMR,
especially as most URIs are self-limiting and require only
symptomatic relief.”* Further understanding of the
causes of URIs and their associated pathogens is needed
to enable better preparedness for outbreaks and the
development of effective prevention and control
strategies that do not include the use of antibiotic
treatments.”

Recent advancements in our understanding of AMR
underscore the evolving challenges in treating otitis
media globally.®® These findings are particularly relevant
given the high dependency of otitis media treatment on
effective antibiotics. Pneumococcal conjugate vaccines in
particular have been shown to have a positive impact on
decreasing otitis media,” but recent studies have reported
a shift in the bacteria causing otitis media towards
pneumococcal types not included in vaccines and other
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bacteria.® This shift, coupled with regional variations in
AMR, suggest the need for ongoing surveillance, tailored
treatment and prevention strategies, and stewardship
interventions to reduce unnecessary antibiotic use.

In addition to the significant potential for antibiotic
overuse, URIs and otitis media are associated with
increased health expenses and substantial health-related
productivity losses, particularly due to their high
prevalence among children, which contributes to work
absenteeism among parents and guardians. Parents or
guardians are often faced with the difficult decision of
sending sick children to school or missing work,” a
choice that is disproportionately difficult for low-income
families and that potentially has a broader impact on
children and communities than could be examined in
the scope of this study.

The heavy burden of URIs and otitis media presents
opportunities for the development of vaccines and
medications that can reduce the burden of these diseases
and their impact on society. Such development is
particularly important when considering the ineffective-
ness of common over-the-counter cold medicines.” Some
preventive options for otitis media include published
guidelines for prevention and intervention such as those
from the Centers for Disease Control and Prevention,”
continued medical education to Dboth medical
practitioners and the general public on the patho-
physiology of otitis media as well as its linkage to URIs,
and the introduction of relevant vaccines, such as the
higher-valency pneumococcal conjugate vaccines that are
currently becoming available, into national immunisation
programmes.** Additionally, developments in mucosal
immunology and genetics are facilitating more targeted
treatment strategies, potentially transforming the
management of URIs and otitis media in the near
future.**

Ultimately, a multifaceted approach might be needed
to help prevent and manage the combined impact of
URIs and otitis media, given the varied effectiveness of
public health interventions.®* Unlike diseases such as
measles, for which vaccination is a straightforward
solution, strategies for URIs and otitis media must be
more diverse and specific. Tailoring public health
initiatives to local needs and resources is essential, and it
is important to understand local URI and otitis media
burdens and corresponding risk factors. For instance,
low birthweight, a leading risk factor for URIs and otitis
media in our study, can be reduced through improved
maternal health programmes and comprehensive care
during childhood, especially in low-income areas.”™*”
While the prevalence of low birthweight has slightly
declined globally since the 2000s,* it remains a
considerable risk factor for both diseases. Similarly,
exposure to household air pollution from solid fuels—
another leading risk factor for both URIs and otitis media
in our study—has decreased in some regions since the
1990s but continues to be a major problem, particularly
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in low-income and middle-income countries, with
2-3 billion people globally still having no access to clean
cooking as of 2021.* Addressing the leading risk factors
for URIs and otitis media, including low birthweight and
exposure to household air pollution, as well as exposure
to second-hand smoke,” the leading risk factor for otitis
media, could help reduce the burden of these diseases
and other respiratory conditions.

This study has several limitations, including the
availability of URI and otitis media data. In data-scarce
locations, estimates were generated on the basis of
regional patterns, covariates, and out-of-sample
predictive validity assessment. Locations with few or no
data produce wide uncertainty intervals during the
estimation process. Even in situations where data were
abundant, measurements might not have been based on
the same case definitions across studies. To combat these
limitations, methods of standardising case definitions
have provided more robust analyses.” With the delays
that occur in data reporting, the recency of included data
varies across the two diseases. For example, URIs had
non-fatal data up to 2021, but the most recent non-fatal
data for otitis media included in the modelling were
from 2018. Data can also be problematic in situations
where one disease can progress into another more severe
disease; the survey and literature data used in this study
do not specify when a case of URI has progressed into a
case of LRI. Additionally, population attributable fraction
assumptions imply that there is a causal link between
exposure and outcome without confounding, that
removing the exposure would not affect the distribution
of unrelated risk factors, and that a practical intervention
to eliminate the exposure is possible.” However, these
assumptions might not always hold true in real-world
scenarios. Furthermore, we attempted to account for
potential biases when quantifying the relationship
between risk factors and outcomes by incorporating bias
covariates; however, these might not fully identify and
correct bias if the input studies have inherent biases.
Finally, the risk factors evaluated for both URIs and otitis
media in our study might not encompass all possible risk
factors, as our inclusion criteria were limited to risk—
outcome pairs with convincing or probable evidence of a
causal relationship, in line with GBD standards.

While SARS-CoV-2 and other pathogens probably
contribute to the global burden of URIs, the exact
proportion remains unclear due to the infrequent and
variable use of comprehensive diagnostic testing and
lack of robust surveillance for URIs at the pathogen
level.”** This limits our understanding of the distribution
and frequency of URI pathogens and hinders the
potential for more targeted, early interventions. The
evolving landscape of respiratory pathogens necessitates
further research and more widespread pathogen
surveillance to clarify the relative contributions of various
pathogens to the global burden of URIs and inform
targeted public health interventions.®® Currently, GBD

does not quantify pathogens for URIs and otitis media.
Pathogen burden is crucial in understanding the
connection between URIs and more severe disease
progression, as well as in the creation of targeted disease-
mitigating protocols, including vaccines. To address this
limitation, we aim to include detailed results on pathogen
burden in future rounds of GBD. Additionally, we will be
able to quantify the indirect impact of the COVID-19
pandemic on the burden of URIs and otitis media in
subsequent rounds of the GBD as more data become
available. At present, assessing the available data, which
are limited, the impact of COVID-19 on URI episodes is
unclear. DHS data from five countries with at least
three timepoints including 2020 or 2021 (available as of
June, 2024) do not show a clear pattern of effect from the
COVID-19 pandemic on URIs. Some countries have
shown an increase in URI prevalence from prepandemic
years to postpandemic years, while others have shown a
decrease. In Madagascar, for example, there was an
increase in period prevalence from 2009 (5-74%
[5-14-6-33]) to 2021 (12-5% [11-7-13-4]), whereas Cote
d’Ivoire showed a decrease in period prevalence from
2012 (10-7% [9-61871-11-82528]) to 2021 (9-48%
[8-52-10-4]; appendix 2 p 4). In those countries that
showed a decrease, the trend of declining URI prevalence
was already evident before the pandemic. Therefore, it
remains unclear whether the decrease can be attributed
to non-pharmaceutical interventions or is merely a
continuation of previous trends. For DHS countries that
showed an increase between 2019 and 2021, it is possible
that changes in DHS data are due to misclassified
COVID-19 cases, as the DHS collect data on URI
symptoms but not on COVID-19 testing. This is an
important limitation, indicating the need for caution
when interpreting these results and future research that
could help to clarify these uncertainties. Existing
literature  suggests that the mnon-pharmaceutical
interventions implemented during the COVID-19
pandemic have not substantially affected pathogens that
commonly cause URIs, such as rhinoviruses.®* Another
limitation is the potential underdiagnosis of COVID-19,
which could affect URI incidence and mortality. Recent
studies indicate that COVID-19 deaths might have been
misclassified as non-COVID-19 respiratory conditions,”
highlighting the need for comprehensive investigations
to understand the extent of such misclassification
involving URIs.

The results of this study show the substantial burden
imposed by URIs and otitis media. Although URIs and
otitis media do not often result in severe illness or death,
their high incidence rates and substantial morbidity
should not be ignored. Furthermore, given the close
association between URIs and otitis media, there is need
for comprehensive strategies that address the prevention,
early diagnosis, and effective management of these
conditions together, particularly in young children, who
are most affected. The potential for URIs to progress to
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more severe diseases, their contribution to AMR, and the
pandemic potential of some URI pathogens necessitate
comprehensive research and evidence-based strategies.
Future studies are needed to better understand where
strategies such as strengthening vaccination programmes,
enhancing antibiotic stewardship, and promoting public
health campaigns focused on hygiene and prevention are
most needed.
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