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All-cause and pathogen-specific lower respiratory tract 
infection hospital admissions in children younger than 
5 years during the COVID-19 pandemic (2020–22) compared 
with the pre-pandemic period (2015–19) in South Africa: 
an observational study
Alane Izu, Marta C Nunes, Fatima Solomon, Vicky Baillie, Natali Serafin, Charl Verwey, David P Moore, Marius Laubscher, Musawenkosi Ncube, 
Courtney Olwagen, Ziyaad Dangor, Shabir A Madhi

Summary
Background Non-pharmaceutical interventions affected the circulation of and illness due to endemic respiratory 
pathogens during the COVID-19 pandemic. We investigated the incidence of admissions to hospital for overall and 
specific pathogen-associated lower respiratory tract infection (LRTI) during the COVID-19 pandemic compared with 
incidence in the pre-pandemic period.

Methods In this observational study, we analysed surveillance data for children younger than 5 years from two public 
hospitals in Soweto, South Africa, for all-cause LRTI, respiratory syncytial virus (RSV), influenza, human 
metapneumovirus, and Bordetella pertussis from Jan 1, 2015 to Dec 31, 2022. Data were obtained from an electronic 
database that includes information for all admissions to the general paediatric wards at the two hospitals, automatically 
identified by a computer program. We excluded children admitted to hospital with incidental SARS-CoV-2 infection or 
COVID-19 without LRTI diagnosis. Incidence during COVID-19 pandemic years (2020, 2021, and 2022) were compared 
with pre-pandemic rates (2015–19).

Findings Overall, there were 42 068 all-cause hospital admissions, including 18 303 all-cause LRTI hospital admissions, 
from Jan 1, 2015, to Dec 31, 2022, 17 822 (42·4%) of whom were female, 23 893 (57·0%) were male, and 353 (0·8%) 
had missing data. All-cause LRTI incidence risk ratio (IRR) was 30% lower in 2020 (IRR 0·70, 95% CI 0·67–0·74) 
and 13% lower in 2021 (0·87, 0·83–0·91), but 16% higher in 2022 (1·16, 1·11–1·21) compared with the pre-pandemic 
period. Furthermore, compared with the pre-pandemic period, incidence of RSV-associated LRTI (0·52, 0·45–0·58), 
influenza-associated LRTI (0·05, 0·02–0·11), and pulmonary tuberculosis (0·52, 0·41–0·65) were lower in 2020, with 
similar trends observed for human-metapneumovirus-associated LRTI, pertussis, and invasive pneumococcal disease 
(IPD). Compared with the pre-pandemic period, by 2022, RSV-associated LRTI incidence was similar (1·04, 0·95–1·14) 
and influenza-associated LRTI showed a non-significant increase (1·14, 0·92–1·39), whereas incidence remained 
lower for tuberculosis (0·79, 0·65–0·94) and IPD (0·51, 0·24–0·99). In 2022, the incidence of COVID-19-associated 
LRTI hospital admission (65 per 100 000 children younger than 5 years) was lower than pre-pandemic RSV-associated 
LRTI (0·23, 0·19–0·27) but higher than pre-pandemic influenza-associated LRTI (1·19, 0·97–1·45), although the 
difference was not significant. All-cause LRTI death in 2022 (57 per 100 000 children younger than 5 years) was 28% 
higher than in the pre-pandemic period (1·28, 1·03–1·58).

Interpretation The higher incidence of all-cause LRTI admissions to hospital in 2022 compared with the pre-pandemic 
period is partly due to ongoing COVID-19 admission to hospital, and could worsen if other endemic respiratory 
pathogens revert to pre-pandemic incidence. Interventions, including the introduction of vaccines for people who are 
pregnant that aim to prevent RSV and possibly COVID-19 in young children, are warranted.

Funding The Bill & Melinda Gates Foundation.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction
Global attempts to reduce transmission of SARS-CoV-2, 
the cause of the COVID-19 pandemic, included several 
public health measures that are collectively referred 
to as non-pharmaceutical interventions. These non-
pharmaceutical interventions included regulations 

regarding restricted travel, restricted social and public 
engagements, school closures, physical distancing, 
emphasis on hand hygiene, and wearing face masks.1 The 
implementation of non-pharmaceutical inter ventions 
during the COVID-19 pandemic affected the trans-
 mis sion of other seasonal respiratory pathogens, 
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including respiratory syncytial virus (RSV), human 
metapneumovirus, influenza virus, and Bordetella 
pertussis.2–10 For some viruses, such as RSV and influenza, 
disruption to the historical seasonal pattern was noted in 
2020 and 2021.10 Furthermore, declines in invasive 
bacterial disease due to organisms that colonise the upper 
airways, including invasive pneumococcal disease (IPD), 
were reported during the first year of the pandemic.11

After extensive infection-induced or vaccine-induced 
immunity against SARS-CoV-2, most countries reduced 
or removed non-pharmaceutical interventions during 

2022.1 South Africa has fluctuated between different 
intensities of non-pharmaceutical interventions since 
March 27, 2020, but was at its lowest level (level 1) of 
restrictions when the omicron BA.1 lineage variant 
emerged in mid-November, 2021. All non-pharmaceutical 
interventions were removed by June, 2022, after the 
omicron BA.1 wave subsided, during which the decoupling 
of SARS-CoV-2 infection and severe COVID-19 was 
observed.12 A community-based SARS-CoV-2 serosurvey 
conducted in Gauteng, South Africa, between March and 
April, 2022, recorded seropositivity of 90·9% in the study 

Research in context

Evidence before this study
Mobility restrictions and other non-pharmaceutical 
interventions were variably implemented globally early in the 
COVID-19 pandemic to attempt to mitigate the spread of 
SARS-CoV-2. The implementation of non-pharmaceutical 
interventions also resulted in disruption of the seasonality of 
illness and a reduced burden of illness due to other endemic 
respiratory pathogens. The reduction or removal of non-
pharmaceutical interventions during 2021 and 2022 coincided 
with a resurgence of illness due to some respiratory viruses, 
including increased incidence of admission to hospital for lower 
respiratory tract infections (LRTIs) associated with respiratory 
syncytial virus (RSV), mainly in high-income countries.

A systematic review of PubMed from database inception to 
Sept 12, 2022, of children aged 18 years or younger admitted to 
hospital with RSV during the COVID-19 pandemic identified 
18 studies from Europe (n=7), Asia (n=5), Oceania (n=4), North 
America (n=1), and South America (n=1) that reported changes 
in hospital admissions. Search terms were “respiratory syncytial 
viruses” AND “COVID-19” OR “SARS-CoV-2” and there were no 
language restrictions. We conducted a similar search of PubMed 
from database inception to Feb 13, 2023, which identified 
56 studies from Asia (n=26), Europe (n=18), Oceania (n=5), 
North America (n=4), and South America (n=3). Only studies 
that included children younger than 5 years were included. 
Most of these studies reported a decline in detection rates of 
respiratory viruses in 2020, then an increase in detection rates 
of respiratory viruses in 2021 as non-pharmaceutical 
interventions were reduced or removed. Most of the studies did 
not report incidence of respiratory viral infections and none 
reported changes to hospital admissions for tuberculosis or 
pertussis infections. There was a single observational study 
from Africa, published in 2020, that assessed tuberculosis 
during the COVID-19 pandemic and a single observational 
study reporting data up to December, 2022, from Denmark that 
showed an out of season RSV epidemic.

Added value of this study
This study shows significant reductions in incidence of 
admission to hospital for all-cause LRTI and RSV-associated 
LRTI (A and B) in 2020 only, and for influenza (A and B), human 
metapneumovirus, invasive pneumococcal disease (IPD), 

and pertussis during the COVID-19 pandemic (2020–22) 
compared with the 5-year period (2015–19) preceding the 
pandemic. These reductions were followed by a 16% increase in 
incidence of admission to hospital for all-cause LRTI in children 
younger than 5 years in 2022 compared with the pre-pandemic 
period. By 2022, when most non-pharmaceutical interventions 
were reduced or removed in South Africa, seasonality and 
incidence of RSV-associated LRTI and influenza-associated LRTI 
were similar to the pre-pandemic period. By contrast, incidence 
of human-metapneumovirus-associated LRTI, IPD, pertussis, 
and tuberculosis in 2022 remained lower than the 
pre-pandemic period. The ongoing hospital admissions for 
COVID-19-associated LRTI in 2022 contributed to the higher 
overall burden of all-cause LRTI in 2022. Furthermore, 
the incidence of COVID-19-associated LRTI hospital admissions 
in 2022 was 0·2 times lower than the pre-pandemic incidence 
of RSV-associated LRTI hospital admissions, but 1·2 times 
higher than the pre-pandemic incidence of influenza-associated 
LRTI hospital admissions. The in-hospital incidence of all-cause-
LRTI death in 2022 was 28% higher than the pre-pandemic 
incidence.

Implications of all the available evidence
Contrary to previous studies from predominantly high-income 
countries, we report that the seasonality and incidence of 
RSV-associated LRTI in 2022 were similar to the pre-pandemic 
period (2015–19). Nevertheless, of concern are the ongoing 
admissions to hospital for COVID-19-associated LRTI in an area 
in which more than 90% of the population have acquired 
SARS-CoV-2-infection-induced immunity. The ongoing burden 
of COVID-19-associated LRTI contributed to an overall higher 
incidence of all-cause LRTI hospital admissions in children 
younger than 5 years in 2022 compared with the pre-pandemic 
period. The increased rate of all-cause LRTI in 2022 transpired 
despite reduced incidence of IPD, tuberculosis, pertussis, 
and human-metapneumovirus-associated LRTI, which could 
rebound to pre-pandemic incidence in the near future. 
Consequently, as SARS-CoV-2 becomes epidemic and possibly 
endemic, LRTI-associated morbidity and mortality in children 
younger than 5 years might be higher than the pre-pandemic 
period in the absence of new interventions against COVID-19 
and other respiratory pathogens.
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population and 84·1% in children younger than 12 years 
who had not received a COVID-19 vaccine.13 The removal 
of COVID-19-related restrictions was temporally asso-
ciated with a resurgence of seasonal respiratory virus 
epidemics, such as RSV, from September, 2022, onward in 
Europe and the USA. Reports from Europe and the USA 
indicate that the RSV epidemic of 2022–23 has resulted in 
an unusually high burden of severe respiratory illness.14

We aimed to analyse all-cause and pathogen-specific 
trends of lower respiratory tract infection (LRTI) 
hospital admissions in children younger than 5 years in 
South Africa, a low-middle-income country. We report 
the incidence of hospital admissions for all-cause LRTI 
and LRTI associated with RSV A or B, influenza A or B, 
human metapneumovirus, and pertussis during each of 
the COVID-19 pandemic years (2020, 2021, and 2022) 
compared with the pre-pandemic period (2015–19). 
Furthermore, we aimed to evaluate incidence of 
admission to hospital during the COVID-19 pandemic 
(2020–22) compared with the pre-pandemic period 
(2015–19) for all-cause illness, IPD, tuberculosis, 
neonatal sepsis, in-hospital all-cause death, and LRTI-
associated death. We also compared the annual 
incidence of COVID-19-associated LRTI with pre-
pandemic rates of RSV-associated LRTI and influenza-
associated LRTI.

Methods
Study design and data sources
In this observational study, we used surveillance data 
from Jan 1, 2015, to Dec 31, 2022, from two hospitals in 
Soweto (Johannesburg, South Africa), which serve a 
population of 1·9 million, including 190 000 children 
younger than 5 years.15 Details of the study setting and 
hospitals are provided in the appendix (p 1). Between 
March 27, 2020, and April 5, 2022, the South African 
Government imposed societal regulations in a 5-level, 
tiered approach (appendix pp 1–2).

Data were obtained from the electronic Paediatric 
Discharge Summary Database, which includes infor-
mation for all admissions to the general paediatric wards 
at the two public hospitals in Soweto. Data were colleacted 
for this database by MCN, FS, VB, NS, CV, DPM, ML, 
MN, and CO. Details of the Paediatric Discharge 
Summary Database, which is managed by the Vaccines 
and Infectious Diseases Analytics Research Unit of the 
University of the Witwatersrand (Wits-VIDA), are 
provided in the appendix (pp 2–3). All admissions to 
general hospital wards of children younger than 5 years 
were included in the study, automatically identified by 
R version 4.1. The International Classification of Diseases 
version 10 (ICD-10) codes were then used to identify 
hospital admissions for any LRTI, pneumonia, bronchio-
litis, IPD, pulmonary tuberculosis, COVID-19, and 
neonatal sepsis (appendix p 2).

Testing for respiratory viruses and pertussis was done 
after written informed consent was obtained from the 

parent or legal guardian of a subset of children admitted 
for LRTI. Need for consent was waived during the period 
when all children admitted to the hospitals were tested 
for SARS-CoV-2 (March, 2020, to October, 2022).

The observational studies, of which this study is part, 
were approved by the Human Research Ethics Committee 
at the University of the Witwatersrand (140904, M200168, 
131109, and M1911156).

Procedures
Standard of care for children younger than 5 years with 
suspected invasive bacterial infection included collection 
of blood for culture. Testing for Mycobacterium tuberculosis 
with GeneXpert MTB/Rif (Cepheid, Sunnyvale, CA, 
USA) assay or culture was done at the discretion of 
attending doctors and tested by the National Health 
Laboratory Service (NHLS). The ICD-10 diagnoses for 
pulmonary tuberculosis and neonatal sepsis were based 
on the diagnosis of the clinician, not necessarily culture-
confirmed illness. Diagnosis of IPD was based on the 
culture of Streptococcus pneumoniae from a usually sterile 
site, mainly from blood or cerebrospinal fluid.

From March 24, 2020, to July 3, 2022, all children 
admitted to the paediatric wards at the two public 
hospitals in Soweto were tested for SARS-CoV-2 via a 
nucleic acid amplification test (NAAT) as part of the 
standard of care at Wits-VIDA or the NHLS, irrespective 
of the reason for admission. We restricted our analysis of 
COVID-19 to children younger than 5 years with an LRTI 
diagnosis, which would have made them eligible for 
enrolment into the LRTI surveillance, and who had a 
reactive SARS-CoV-2 NAAT. Consequently, we excluded 
children admitted to hospital with incidental SARS-CoV-2 
infection or COVID-19 without LRTI diagnosis. Testing 
for RSV A or B, influenza A or B, human meta-
pneumovirus, and pertussis was done by Wits-VIDA as 
part of ongoing LRTI surveillance (appendix p 3). Details 
of the NAAT and sampling methods are reported in the 
appendix (pp 3–4). Briefly, children younger than 5 years 
admitted to hospital for LRTI were systematically 
investigated for the targeted respiratory pathogens 
throughout the surveillance period, albeit with some 
variability in the sampling framework. Depending on the 
surveillance programme objectives at the time, laboratory 
testing of children admitted to hospital for LRTI varied 
between testing every day and testing on alternate days 
with or without testing of children admitted to hospital 
during weekends and public holidays. All children 
admitted with LRTI (or suspected sepsis in children 
younger than 3 months) were approached for testing on 
days when testing was done. Furthermore, due to non-
specific signs with which LRTI can manifest in infants 
younger than 3 months, testing for respiratory viruses 
was done in this age group if there was clinical suspicion 
of infection; this age group was included in the LRTI 
category for this analysis. Notable interruptions of testing 
during the COVID-19 period to redirect resources to 

See Online for appendix



Articles

4 www.thelancet.com/infection   Published online May 1, 2023   https://doi.org/10.1016/S1473-3099(23)00200-1

assist with SARS-CoV-2 testing included no testing for 
human metapneumovirus and pertussis from March 24 
to Oct 20, 2020. Testing for RSV and influenza was 
interrupted from Sept 4 to Oct 20, 2020, during which 
time the National Institute for Infectious Diseases 
(NICD) in South Africa reported low positivity for RSV 
and no identification of influenza.16 From Oct 21, 2020, 
testing for the full panel of pathogens resumed.

Any child admitted to hospital with LRTI in whom RSV 
A or B, influenza A or B, or human metapneumovirus 
was identified was considered to have a virus-associated 
LRTI, as the presence of these viruses in the nasopharynx 
of children in hospital was strongly attributed to causality 
in the multicentre Pneumonia Etiology Research for 
Child Health (PERCH) study.17 Only children with a 
diagnosis of LRTI (or suspected infection in children 
<3 months) in whom testing for respiratory pathogens 
was done were included in the analysis to estimate the 
number of pathogen-specific admissions to hospital. For 
each pathogen, the total number of LRTI hospital 
admissions was multiplied by the percentage of positive 
NAAT results to estimate the monthly number of 
pathogen-specific hospital admissions by age group and 
month. Further detail is provided in the appendix (p 4).

A sensitivity analysis that includes admissions to the 
short-stay ward is discussed in the appendix (pp 5, 7).

Statistical analysis
We assessed the incidence of all-cause and pathogen-
specific LRTI admissions to hospital before and during 
the COVID-19 pandemic as the primary outcome. The 
exposure was timing of hospital admission (ie, pre-
pandemic or during the pandemic); age was a potential 
confounder. Incidence of pertussis-associated LRTI was 
limited to children younger than 12 months, as the 
incidence was extremely low in older children. Analysis 
for bronchiolitis was limited to children younger than 
24 months. Hospital admissions that occurred within 
14 days of a previous discharge were excluded from 
analyses. The annual Gauteng Department of Health 
population estimates for the subdistricts in the 
catchment area of the hospitals were used as 
denominators for incidence calculations (appendix 
pp 4–5). Incidences of all-cause admission to hospital, 
all-cause death, all-cause LRTI, all-cause-LRTI-associated 
death, RSV-associated LRTI, influenza-associated LRTI, 
human-metapneumovirus-associated LRTI, pulmonary 
tuberculosis, IPD, and all-cause pneumonia were 
assessed in children younger than 5 years.

Although the sampling framework for testing for 
respiratory organisms varied during the study period in 
terms of the proportion of LRTI cases tested per month, 
we assumed those changes were independent of the 
positivity rate and thus the positivity rate could be applied 
without bias. Yearly and monthly incidence risk (IR) per 
100 000 children younger than 5 years (or younger than a 
specific age group if analyses were stratified by age) were 

calculated as the number of admissions to hospital 
divided by the yearly population estimates and multiplied 
by 100 000. Exact 95% CIs were calculated for all IRs.18 
Due to interruption in testing for human meta-
pneumovirus and pertussis in 2020, incidence risk 
estimates for human-metapneumovirus-associated and 
pertussis-associated LRTI were not calculated for 2020. A 
positivity rate of zero was assumed for RSV and influenza 
between Sept 4 and Oct 20, 2020.

Overall, age-specific and disease-specific incidence 
between 2015 and 2019 were calculated as the total 
number of admissions to hospital during the period 
divided by the sum of the yearly population estimates for 
the 5 years, expressed per 100 000 children younger than 
5 years (or younger than a specific age group). IR ratios 
(IRRs) for clinical syndromes and pathogen-specific 
LRTIs were calculated to compare the per-year and per-
month incidences during the pandemic period (2020, 
2021, and 2022) and compared with the pooled pre-
pandemic incidence. 95% CIs for IRR were calculated via 
the method described by Lehmann and Romano.19 
Analyses were stratified by age group (<3 months, 3 to 
<12 months, 12 to <24 months, and 24 to <60 months) 
and conducted in R version 4.1.

Records with a missing hospital admission date or date 
of birth were excluded from analysis (appendix p 3). 

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Overall, there were 42 068 all-cause hospital admissions 
from Jan 1, 2015, to Dec 31, 2022 (figure A; appendix 
pp 8, 11, 16).

Compared with the pre-pandemic period overall 
incidence of 2929 per 100 000 children younger than 
5 years, the incidence for all-cause admission to hospital 
was 16% lower in 2020 (IRR 0·84, 95% CI 0·81–0·87) 
and 13% lower in 2021 (0·87, 0·84–0·89). By 2022, 
incidence of all-cause admission to hospital was similar 
to the pre-pandemic period (1·02, 0·99–1·04; table 1).

The overall annual incidence of all-cause in-hospital 
death was 100 per 100 000 children younger than 5 years 
in the pre-pandemic period, with no difference observed 
in 2020 (0·97, 0·82–1·13). Compared with the pre-
pandemic period, the incidence of all-cause death was 
increasing, but not significantly, in 2021 and 2022 (1·08, 
0·92–1·25), and in 2022 (1·15, 0·99–1·34; table 1; 
appendix p 16). The age-group stratified analysis for 
all-cause admission to hospital and death, including 
comparisons during the pandemic years and the pre-
pandemic period, are reported in the appendix (pp 8–11). 
During the study period, children younger than 
12 months had a higher incidence of hospital admission 
than older children aged 12–60 months, and mortality 

For Gauteng Department of 
Health population estimates 
see https://gp.dhis.dhmis.org/
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rates were highest in children younger than 3 months 
and aged 3 months to younger than 12 months. Similar 
trends were observed for the age-group stratified analysis 
compared with the overall analysis in children younger 
than 5 years.

Overall, 18 303 (43%) of 42 608 admissions to hospital 
were all-cause LRTI, including suspected sepsis in 
infants younger than 3 months. The annual incidence of 
all-cause LRTI was similar from 2015 to 2019, with 
minimal yearly fluctuations (appendix pp 8, 16). The 
incidence of all-cause LRTI was 30% lower in 2020 
(IRR 0·70, 95% CI 0·67–0·74) and 13% lower in 2021 
(0·87, 0·83–0·91), but 16% higher in 2022 (1·16, 
1·11–1·21), compared with overall pre-pandemic 
incidence (1271 per 100 000 children younger than 
5 years). The higher incidence of all-cause LRTI in 2022 
compared with the pre-pandemic period was evident 
across all age groups, with the highest increase in 
children aged 24 months to younger than 60 months 
(1·31, 1·18–1·47) and lowest increase in children aged 
younger than 3 months (1·11, 1·04–1·19; appendix p 11). 
Further analyses stratified by age group and clinically 
diagnosed syndromes of bronchiolitis and pneumonia 
are reported in the appendix (pp 5–6, 11). Compared with 
the pre-pandemic overall incidence of LRTI-associated 
deaths (44 per 100 000 children younger than 5 years), the 
incidence was 26% lower in 2020 (0·74, 0·56–0·97), 
similar in 2021 (1·05, 0·83–1·33), but 28% higher in 
2022 (1·28, 1·03–1·58; table 1; appendix p 16). The 
increased incidence of LRTI-associated deaths in 2022 
compared with the pre-pandemic period was evident for 
all stratified age groups, but not statistically significant 
(appendix p 11).

The percentages of children younger than 5 years 
admitted to hospital for LRTI who were tested for 
respiratory pathogens were similar between 2015 and 

2019 (overall 33·4–39·9%), whereas they were higher in 
2020 (43·0%), 2021 (78·6%), and 2022 (72·9%; appendix 
p 12). During the pre-pandemic period, the seasonality of 
RSV-associated LRTI was predominantly from February 
to July each year, peaking around mid-March. In 2020, 
the epidemic of RSV-associated LRTI commenced in 
February but subsided rapidly after the implementation 
of level-5 non-pharmaceutical interventions on March 24 
(appendix p 16). There was, however, an unseasonal re-
emergence of RSV in August, 2020, which continued 
until June, 2021. In 2022, the seasonality of RSV-associated 
LRTI was similar to the pre-pandemic period. Details of 
the strains of RSV circulating from 2015 to 2022 are 
included in the appendix (pp 6–7, 13).

During the pre-pandemic period, there was some 
yearly variability in the incidence of RSV-associated LRTI 
(range 179–344 per 100 000 children younger than 5 years; 
figure B; appendix p 8). The incidence of RSV-associated 
LRTI was 48% lower in 2020 (IRR 0·52, 0·45–0·58), but 
similar in 2021 (0·95, 0·87–1·05) and 2022 (1·04, 
0·95–1·14) compared with the pre-pandemic incidence 
of 286 per 100 000 children younger than 5 years (table 1). 
Relative to the pre-pandemic period, a higher IRR of 
RSV-associated LRTI was evident in children aged 
24 months to younger than 60 months in each of the 
pandemic years (IRR range 1·88–2·39). However, this 
age group had the lowest incidence of RSV-associated 
LRTI throughout the study (appendix p 14).

In the pre-pandemic period, the seasonality of 
influenza-associated LRTI was April to September each 
year, usually peaking in June (figure C). The overall 
incidence was 54 per 100 000 children younger than 
5 years during the pre-pandemic period, including an 
unusually high incidence in 2018 (195 per 100 000; 
appendix p 8). In 2020, the incidence of influenza-
associated LRTI was 95% lower (0·05, 0·02–0·11) than 

Figure: Monthly incidences in children younger than 5 years
(A) Monthly incidence of all-cause LRTI. (B) Monthly incidence of RSV-associated LRTI. (C) Monthly incidence of influenza-associated LRTI. (D) Monthly incidence of 
pulmonary tuberculosis. (E) Monthly incidence of COVID-19-associated LRTI. LRTI=lower respiratory tract infection. RSV=respiratory syncytial virus.
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the pre-pandemic period. In 2021, influenza-associated 
LRTI was unseasonal compared with the pre-pandemic 
period, with cases identified between August and 
December and peaking in October (figure C). The 
incidence of influenza-associated LRTI was also lower in 
2021 (0·77, 0·60–0·98) than in the pre-pandemic period. 
In 2022, the influenza-associated LRTI seasonality 
pattern was similar, but non-significant; however, the 
incidence was significantly increased in children younger 
than 3 months (2·45, 1·35–4·32) and aged 3 months to 
younger than 12 months (1·38, 1·00–1·87; appendix 
p 14).

Pre-pandemic, incidence of human-metapneumovirus-
associated LRTI was 44 per 100 000 children younger 
than 5 years, and was generally highest in children 
aged 3 months to younger than 12 months (94 per 
100 000 children younger than 12 months; table 1; 
appendix pp 14, 17). Testing for human metapneumo-
virus was disrupted in 2020. Incidences of human-
metapneumovirus-associated LRTI did not differ 
significantly in 2021 (0·78, 0·60–1·02) and 2022 (0·79, 
0·60–1·02) compared with the pre-pandemic period 
(table 1).

Almost all pertussis occurred in children younger than 
12 months during the pre-pandemic period, with some 
yearly variability ranging from incidence of 46 per 
100 000 children younger than 12 months in 2017 to 
176 per 100 000 children younger than 12 months in 2018 
(appendix pp 8, 17). No testing was done for pertussis in 
2020. The incidence of pertussis was 0 in 2021, and 

incidence did not differ significantly in 2022 compared 
with the pre-pandemic period (0·69, 0·44–1·03; table 1).

Overall, the incidence of pulmonary tuberculosis 
decreased between 2015 (193 per 100 000 children 
younger than 5 years) and 2019 (95 per 100 000; figure D; 
appendix p 8). Consequently, we used values from 2017 to 
2019 to estimate the overall pre-pandemic incidence 
(95 per 100 000 children younger than 5 years, 95% CI 
87–104; table 1). Compared with the pre-pandemic period, 
the incidence of tuberculosis was lower in 2020 
(IRR 0·52, 95% CI 0·41–0·65), 2021 (0·55, 0·44–0·68), 
and 2022 (0·79, 0·65–0·94). This pattern was also seen 
in the age-stratified analysis, except for in children older 
than 12 months in 2022, who had similar incidence to 
the pre-pandemic period (appendix p 14).

Pre-pandemic, the overall incidence of IPD was stable, 
and higher in infants younger than 12 months than in 
children older than 12 months (table 1; appendix pp 8, 17). 
The incidence of IPD was 42% lower in 2020 (IRR 0·58, 
0·28–1·09), 48% in 2021 (0·52, 0·24–1·00), and 49% in 
2022 (0·51, 0·24–0·99) compared with the incidence of 
10 per 100 000 children younger than 5 years in the pre-
pandemic period (table 1; figure D), although estimates 
had a relatively wide range and some of the changes were 
not significant.

COVID-19-associated LRTI in children younger than 
5 years manifested as five waves, including two waves in 
2020 (dominated by wild-type SARS-CoV-2 and the beta 
variant B1.351) and two waves in 2021 (dominated by 
the delta variant B.1.617.2 in July and omicron BA.1 

Pre-pandemic (2015–19)* 2020 2021 2022

n IR (95% CI) n IR (95% CI) IRR (95% CI) n IR (95% CI) IRR (95% CI) n IR (95% CI) IRR (95% CI)

All-cause admission to hospital 26 605 2929 
(2894–2964)

4694 2462 
(2392–2533)

0·84 
(0·81–0·87)

4918 2534 
(2463–2605)

0·87 
(0·84–0·89)

5851 2975 
(2899–3052)

1·02 
(0·99–1·04)

All-cause death 912 100 
(94–107)

185 97 
(84–112)

0·97 
(0·82–1·13)

210 108 
(94–124)

1·08 
(0·92–1·25)

228 116 
(101–132)

1·15 
(0·99–1·34)

All-cause LRTI† 11 548 1271 
(1248–1295)

1704 894 
(852–937)

0·70 
(0·67–0·74)

2152 1109 
(1062–1157)

0·87 
(0·83–0·91)

2899 1474 
(1421–1529)

1·16 
(1·11–1·21)

All-cause-LRTI death 404 44 
(40–49)

63 33 
(25–42)

0·74 
(0·56–0·97)

91 47 
(38–58)

1·05 
(0·83–1·33)

112 57 
(47–69)

1·28 
(1·03–1·58)

RSV-associated LRTI (A or B) 2595 286 
(275–297)

281 147 
(131–166)

0·52 
(0·45–0·58)

528 272 
(249–296)

0·95 
(0·87–1·05)

583 296 
(273–321)

1·04 
(0·95–1·14)

Influenza-associated LRTI (A or B) 492 54 
(49–59)

5 3 
(1–6)

0·05 
(0·02–0·11)

81 42 
(33–52)

0·77 
(0·6–0·98)

121 62 
(51–74)

1·14 
(0·92–1·39)

Human-metapneumovirus-associated 
LRTI

421 46 
(42–51)

TND TND TND 68 35 
(27–44)

0·76 
(0·58–0·98)

71 36 
(28–46)

0·78 
(0·60–1·00)

Bordetella-pertussis-associated LRTI‡ 190 103 
(89–118)

TND TND TND 0 0 
(0–9)

0 
(0·0–0·09)

28 70 
(47–102)

0·69 
(0·44–1·03)

Pulmonary tuberculosis§ 526 95 
(87–104)

94 49 
(40–60)

0·52 
(0·41–0·65)

102 53 
(43–64)

0·55 
(0·44–0·68)

147 75 
(63–88)

0·79 
(0·65–0·94)

Invasive pneumococcal disease 90 10 
(8–12)

11 6 
(3–10)

0·58 
(0·28–1·09)

10 5 
(2–9)

0·52 
(0·24–1·00)

10 5 
(2–9)

0·51 
(0·24–0·99)

Analysis stratified by age group is reported in the appendix (pp 8–12). IR=incidence risk. IRR=incidence risk ratio. LTRI=lower respiratory tract infection. TND=testing not done. RSV=respiratory syncytial virus. 
*Yearly incidence rates for 2015–19 are reported in the appendix (p 8). †<3 months age group for LRTI includes diagnosis of suspected sepsis. ‡As pertussis was only diagnosed in children aged <12 months, 
analysis was restricted to the <12 months age group for pertussis. §Incidence rates in the first column represent overall incidence during 2017–19 due to the decline in tuberculosis incidence rates before 2017.

Table 1: Incidence of primary and secondary outcomes in children younger than 5 years
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in December; figure E).20 The overall incidence of 
COVID-19-associated LRTI was 19 per 100 000 children 
younger than 5 years in 2020, 65 per 100 000 in 2021, and 
65 per 100 000 in 2022. The incidence of COVID-19-
associated LRTI admission to hospital generally 
decreased with increasing age in each of the three 
pandemic years (table 2).

Despite the lower incidence of RSV-associated LRTI 
in 2020 compared with the pre-pandemic period, the 
incidence of COVID-19-associated LRTI was 87% lower 
than the incidence of RSV-associated LRTI in 2020 
(0·13, 0·09–0·18). The incidence of COVID-19-
associated LRTI remained 76% (0·24, 0·20–0·29) lower 
than the incidence of RSV-associated LRTI in 2021 and 
78% (0·22, 0·18–0·26) lower in 2022, when RSV-
associated LRTI incidence was similar to the pre-
pandemic rate (table 2; appendix p 19). Similarly, the 
incidence of COVID-19-associated LRTI was consis-
tently lower than the pre-pandemic incidence of RSV-
associated LRTI in 2020 (0·07, 0·05–0·09), 2021 (0·23, 
0·19–0·27), and 2022 (0·23, 0·19–0·27; table 2; 
appendix p 19). The lower IRR of COVID-19-associated 
LRTI compared with pre-pandemic RSV-associated 
LRTI was evident across all age groups except for 
children aged 24 months to younger than 60 months in 
2021 (0·65, 0·32–1·20) and 2022 (0·80, 0·43–1·40; 
table 2).

During the pandemic years, COVID-19-associated LRTI 
incidence was higher than influenza-associated LRTI in 
2020 (7·2, 2·82–23·51) and 2021 (1·57, 1·18–2·10), 
particularly in children younger than 3 months (8·50, 
2·02–75·85 in 2020; 12·40, 5·04–39·50 in 2021; table 2; 
appendix p 20). Compared with the pre-pandemic 
incidence of influenza-associated LRTI, the incidence of 
COVID-19-associated LRTI was lower in 2020 (0·35, 
0·24–0·49; table 2; appendix p 20). The incidence of 
COVID-19-associated LRTI appeared to be higher than 
the pre-pandemic incidence of influenza-associated LRTI 
in 2021 (1·21, 0·99–1·47) and 2022 (1·19, 0·97–1·45), 
although non-significantly, particularly in children 
younger than 3 months (7·67, 5·04–11·81 in 2021; 6·14, 
3·94–9·61 in 2022; table 2).

The incidence of admission to hospital for suspected 
sepsis in children younger than 1 month in each of the 
pandemic years was similar to the pre-pandemic 
incidence (1251 per 100 000 children younger than 
1 month; appendix pp 8, 11, 17).

Discussion
Our study showed a temporal association between the 
implementation of non-pharmaceutical interventions to 
mitigate spread of SARS-CoV-2 and a disruption in 
seasonality and reduced incidence of all-cause LRTI and 
LRTI admissions to hospital associated with RSV and 

COVID-19 IRR (95% CI)

n IR (95% CI) Yearly incidence of 
COVID-19 compared 
with incidence of RSV

Incidence of 
COVID-19 compared 
with pre-pandemic 
incidence of RSV

Yearly incidence of 
COVID-19 compared 
with incidence of 
influenza

Incidence of COVID-19 
compared with pre-
pandemic incidence of 
influenza

2020

<3 months 17 44 (26–70) 0·18 (0·1–0·31) 0·07 (0·04–0·11) 8·50 (2·02–75·85) 2·14 (1·13–3·88)

3 to <12 months 7 18 (7–37) 0·07 (0·03–0·15) 0·03 (0·01–0·07) 2·33 (0·53–13·98) 0·18 (0·07–0·38)

12 to <24 months 8 21 (9–41) 0·15 (0·06–0·31) 0·12 (0·05–0·24) NC 0·23 (0·10–0·47)

24 to <60 months 4 4 (1–9) 0·12 (0·03–0·33) 0·22 (0·06–0·59) NC 0·18 (0·05–0·48)

<60 months 36 19 (13–26) 0·13 (0·09–0·18) 0·07 (0·05–0·09) 7·20 (2·82–23·51) 0·35 (0·24–0·49)

2021

<3 months 62 157 (121–202) 0·25 (0·18–0·32) 0·24 (0·18–0·31) 12·40 (5·04–39·53) 7·67 (5·04–11·81)

3 to <12 months 47 119 (88–159) 0·27 (0·19–0·37) 0·23 (0·17–0·31) 1·62 (1–2·67) 1·19 (0·84–1·64)

12 to <24 months 6 15 (6–33) 0·11 (0·04–0·24) 0·09 (0·03–0·2) 0·23 (0·08–0·57) 0·17 (0·06–0·38)

24 to <60 months 12 10 (5–18) 0·27 (0·13–0·53) 0·65 (0·32–1·20) 0·57 (0·26–1·22) 0·53 (0·27–0·97)

<60 months 127 65 (55–78) 0·24 (0·20–0·29) 0·23 (0·19–0·27) 1·57 (1·18–2·10) 1·21 (0·99–1·47)

2022

<3 months 50 126 (93–166) 0·18 (0·13–0·25) 0·19 (0·14–0·25) 2·50 (1·46–4·43) 6·14 (3·94–9·61)

3 to <12 months 48 121 (89–160) 0·23 (0·16–0·32) 0·23 (0·17–0·31) 0·87 (0·58–1·31) 1·20 (0·86–1·66)

12 to <24 months 14 35 (19–59) 0·25 (0·13–0·45) 0·21 (0·11–0·35) 0·7 (0·33–1·46) 0·40 (0·21–0·69)

24 to <60 months 15 13 (7–21) 0·35 (0·18–0·64) 0·80 (0·43–1·40) 0·58 (0·28–1·13) 0·66 (0·36–1·13)

<60 months 127 65 (54–77) 0·22 (0·18–0·26) 0·23 (0·19–0·27) 1·05 (0·81–1·36) 1·19 (0·97–1·45)

IR=incidence risk. IRR=incidence risk ratio. LTRI=lower respiratory tract infection. NC=not calculable. RSV=respiratory syncytial virus.

Table 2: Total n and IR of COVID-19-associated LRTI admissions to hospital per 100 000 children younger than 5 years; IRR comparing incidence of 
COVID-19-associated LRTI admissions to hospital with incidence of RSV and influenza during the pre-pandemic period (2015–19); and IRR for yearly 
comparisons of incidence of COVID-19-associated LRTI admissions to hospital with incidence of RSV and influenza in 2020, 2021, and 2022 by age group 
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influenza during 2020. Furthermore, we observed a 
reduction in the incidence of pulmonary tuberculosis (48% 
reduction) and probably S pneumoniae (based on a 42% 
IPD reduction) LRTI during 2020 compared with the pre-
pandemic period. Although we did not test for pertussis or 
human metapneumovirus for most of 2020, the lower 
incidence of pertussis-associated LRTI and human-
metapneumovirus-associated LRTI in 2021 compared with 
the pre-pandemic period suggests that incidence of LRTI 
associated with these pathogens was also probably lower in 
2020. We showed that the incidence of all-cause LRTI, 
including RSV-associated LRTI, started to revert to pre-
pandemic rates in 2021, which was temporally associated 
with the reduction or removal of non-pharmaceutical 
interventions. By 2022, the seasonality and incidence of 
RSV-associated LRTI and influenza-associated LRTI were 
similar to the pre-pandemic period.

Our observations of RSV-associated LRTI were in 
contrast to other studies from primarily high-income 
countries, which reported more severe outbreaks of RSV 
in 2022 and 2023 compared with pre-pandemic data.14,21 
The unseasonal re-emergence of RSV in 2020 after the 
reduction or removal of non-pharmaceutical inter ventions 
or restrictions, which extended into 2021, potentially led to 
infection-induced immunity at a population level against 
some respiratory pathogens, such as RSV. Areas in which 
non-pharmaceutical interventions or restrictions were 
more strict and adherence was higher might have 
consequently had a longer interruption of circulation of 
respiratory viruses than occurred in our setting. The 
resulting immunity gap in such settings could have 
contributed to increased susceptibility and more severe 
disease after re-emergence of circulation of respiratory 
viruses in 2022.22

We report that seasonality and burden of influenza-
associated LRTI in 2022 was similar to the pre-pandemic 
period. There was already a smaller reduction (23%) in 
influenza-associated LRTI incidence in 2021 compared 
with the pre-pandemic period, in contrast to the 
95% lower incidence of influenza-associated LRTI in 
2020. The incidence of human-metapneumovirus-
associated LRTI and pertussis, however, remained non-
significantly lower in 2022 compared with the 
pre-pandemic period. Furthermore, although there was a 
rebound in incidence of tuberculosis in 2022, rates 
remained lower (21% reduction) compared with the pre-
pandemic period. M tuberculosis contributed to 9·7% of 
all severe-acute-LRTI hospital admissions in our setting 
before the COVID-19 pandemic.23 The lower incidence of 
admission to hospital for tuberculosis is consistent with 
the lower rates of tuberculosis notification in South Africa 
during the COVID-19 pandemic.24 As children younger 
than 5 years mainly develop primary pulmonary 
tuberculosis within 1–2 years of infection, our results 
indicate that non-pharmaceutical interventions probably 
reduced community transmission of M tuberculosis.25 
Ongoing surveillance is warranted to establish whether 

interventions during the COVID-19 pandemic might 
have long-term effects on the burden of childhood 
tuberculosis in high-burden settings, such as South 
Africa.

By contrast with reports from the UK, where a rebound 
of IPD that exceeded pre-pandemic incidence was 
reported in 2021 for children younger than 15 years, the 
incidence of IPD in our study remained 49% lower in 
2022 compared with the pre-pandemic period.26 
Furthermore, the persistently lower incidence of IPD 
occurred despite the incidence of RSV-associated LRTI 
and influenza-associated LRTI returning to pre-
pandemic rates in 2022. In Israel, lower rates of IPD and 
presumed pneumococcal pneumonia were attributed to 
reduced susceptibility to pneumococcal disease due to 
disruptions of circulation of seasonal respiratory viruses.2 
Our observations suggest that other factors might also 
contribute to the lower risk of pneumococcal disease 
during the pandemic period, possibly including a lower 
risk of pneumococcal nasopharyngeal colonisation 
acquisition and lower density of colonisation during the 
pandemic period.

Our study also aimed to contextualise the burden of 
COVID-19-associated LRTI in relation to endemic RSV-
associated LRTI and influenza-associated LRTI during 
the COVID-19 pandemic and relative to the pre-pandemic 
period. The incidence of COVID-19-associated LRTI was 
consistently lower than the pre-pandemic rate of RSV-
associated LRTI in all children younger than 24 months. 
In 2022, the incidence of COVID-19-associated LRTI 
was, however, similar to the pre-pandemic incidence of 
RSV-associated LRTI in children aged 24 months to 
younger than 60 months, even though this age group had 
the lowest incidence of RSV-associated LRTI throughout 
the study. Consequently, consideration is warranted as to 
whether COVID-19 vaccination should be recommended 
for children aged 24 months to younger than 60 months 
if the burden of COVID-19-associated LRTI remains 
similar or increases in the future, particularly in settings 
where influenza vaccination is already used in this age 
group. By April, 2022, despite COVID-19 vaccines not 
having been rolled out to children younger than 12 years, 
SARS-CoV-2 seropositivity was 84·1% and has 
probably increased further.13 Our findings indicate an 
ongoing burden of COVID-19-associated LRTI hospital 
admissions in the era of circulation of sublineages of the 
omicron variant, despite extensive underlying infection-
induced immunity.

In 2022, the incidence of COVID-19-associated LRTI 
was 19% higher than the pre-pandemic incidence of 
influenza-associated LRTI. In children younger than 
3 months, COVID-19-associated LRTI was 6·14-times 
higher than pre-pandemic influenza-associated LRTI. 
People who are pregnant are already considered to be a 
priority group for seasonal influenza immunisation, 
protecting not only themselves but also their fetuses 
and young infants against influenza illness.27 A vaccine 
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effectiveness study reported that parental vaccination 
with two doses of a messenger RNA COVID-19 vaccine 
reduced the risk of COVID-19 hospital admission in 
their young infants by 52% (protection varying between 
80% for the delta variant to 38% for the omicron 
variant).28 The advent of the bivalent vaccine incor-
porating omicron sublineage variants could increase the 
effectiveness of parental immunisation in pro tecting 
young infants in the era of omicron sublineages being 
dominant.28

Limitations of our study include being unable to 
address whether changes in health-seeking behaviour, 
including reluctance to visit health facilities (especially 
in 2020), could have contributed to the reduced incidence 
of hospital admissions for LRTI during the COVID-19 
pandemic. Several other studies, however, also reported 
on disruption of circulation and hospital admission for 
endemic respiratory viruses, such as RSV, influenza, 
human metapneumovirus, and B pertussis in 2020, 
which corroborate our findings.2–10 Furthermore, we did 
not observe any changes in incidence of admission to 
hospital for suspected neonatal sepsis in any of the 
pandemic years compared with pre-pandemic period. As 
there is a low threshold for admitting neonates with 
suspected sepsis, these data indicate that health-seeking 
behaviour for hospital care might not have been 
substantially affected, even in 2020. Another limitation 
of our study was that the percentage of children tested 
for LRTI varied depending on the prevailing surveillance 
strategy at the time. Nevertheless, testing for specific 
respiratory pathogens was done systematically 
throughout the years and we assumed those changes 
were independent of the positivity rate, thus the positivity 
rate could be applied without bias to those children who 
were not tested during the corresponding time period. 
Interruption of testing for influenza and RSV in 2020 
could have affected our incidence calculations and 
consequent comparison with the pre-pandemic period 
for these pathogens. However, surveillance at the NICD 
in South Africa reported low levels of positivity for RSV 
and an absence of influenza during the study period 
when testing was not done by us.16 Furthermore, our 
study was of a single geographical locality. The disruption 
of respiratory virus illness in our study in 2020 was 
similar to that reported nationally in South Africa, 
suggesting generalisability at least within the country.16

Strengths of our study include a 5-year pre-pandemic 
period of surveillance, with a paucity of similar 
surveillance data elsewhere in Africa. Consequently, our 
study provides the first and probably most comprehensive 
insights into the effects of the COVID-19 pandemic on 
the epidemiology of LRTI, and the relative burden of 
disease compared with influenza and RSV, in a low-
middle-income African country.

We observed a 16% higher incidence of all-cause LRTI 
in 2022 compared with the pre-pandemic period, 
including in all age-group stratified analyses. The 

ongoing hospital admissions for COVID-19-associated 
LRTI in 2022 (incidence 77 per 100 000 children younger 
than 5 years) is likely to have partly contributed to the 
increase in all-cause LRTI hospital admissions relative to 
the pre-pandemic period, despite lower rates of 
human-metapneumovirus-associated LRTI, pertussis, 
tuberculosis, IPD, and presumably pneumococcal 
pneumonia in 2022. Although the COVID-19 pandemic 
is receding, the burden of disease as SARS-CoV-2 
becomes endemic remains to be established, including 
in countries with high prevalence of SARS-CoV-2 
infection-induced immunity. If the incidence of COVID-
19-associated LRTI remains at 2022 levels in the future, 
and if there is a return to pre-pandemic rates of LRTI 
hospital admissions due to other endemic respiratory 
pathogens, the overall incidence of childhood LRTI 
might remain higher than the pre-pandemic period in 
the absence of any new interventions (eg, against RSV). 
Moreover, the pathogens contributing to the 16% higher 
incidence of all-cause LRTI and 28% higher incidence of 
LRTI-associated deaths in 2022, relative to the pre-
pandemic period, warrant ongoing investigation.
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(alane.izu@wits-vida.org), provided a data transfer agreement is 
approved. Count data by day and age category will be available for the 
outcomes: all-cause admission to hospital, all-cause death, lower 
respiratory tract infection (LRTI), LRTI-associated death, COVID-19-
associated LRTI, pulmonary tuberculosis, invasive pneumococcal disease, 
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