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The COVID-19 pandemic caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
has upended the daily life of individuals around the 
world, with historic numbers of cases and deaths1. 
Early pandemic public health responses focused on 
non-pharmaceutical interventions (NPIs), actions that 
can be taken at the individual, environmental, com-
munity and country level to limit the spread of infec-
tion, given the significant health care burden of acute 
COVID-19 and the lack of COVID-19 vaccines or 
virus-specific therapeutics. NPIs have been the mainstay 
of pandemic influenza planning guidance issued by the 
World Health Organization (WHO)2, the Pan-American 
Health Organization3 and the US Centers for Disease 
Control and Prevention4. The goal of near-simultaneous 
global implementation of NPIs (Table 1) during the 
COVID-19 pandemic was to slow down the commu-
nity transmission of SARS-CoV-2, mitigate the burden 
of disease and the need for health care resources, and 
allow time to develop vaccines and treatments.

Since 2020, the COVID-19 pandemic and public 
health implementation of NPIs have had broad effects 
on individuals, communities and governments. Given 
that NPIs were designed to mitigate respiratory virus 
transmission, there have been notable disruptions to the 

typical seasonal circulation patterns of common respira-
tory virus infections, including by influenza virus and 
respiratory syncytial virus (RSV). The reduction in com-
munity respiratory virus activity, in turn, has led to other 
downstream effects, including an associated decreased 
prevalence of invasive Streptococcus pneumoniae infec-
tions (box 1). These changes to the community prevalence 
of non-SARS-CoV-2 respiratory viruses are undoubtedly 
multifactorial, influenced in part by the collective imple-
mentation and ongoing use of NPIs, changes in health 
behaviours, reductions in travel, virus-specific transmis-
sion factors (Supplementary Table 1) and shifts in testing 
priorities and surveillance systems5,6. Virus–virus inter-
actions, including viral interference, have been hypo-
thesized as a factor explaining some of the changes in 
the community circulation of respiratory viruses7 (box 2). 
Public health responses have varied since the start of the 
pandemic as COVID-19 vaccinations became available 
and hospitalizations declined, resulting in a patchwork 
of community, regional and country-level differences  
in the ongoing use of NPIs, with corresponding effects 
on the circulation of respiratory viruses in the commun-
ity. Documenting and understanding these changes in 
respiratory virus circulation during the COVID-19 
pandemic can inform future public health responses.
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Abstract | The emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) caused 
substantial global morbidity and deaths, leading governments to turn to non-pharmaceutical 
interventions to slow down the spread of infection and lessen the burden on health care systems. 
These policies have evolved over the course of the COVID-19 pandemic, including after the 
availability of COVID-19 vaccines, with regional and country-level differences in their ongoing 
use. The COVID-19 pandemic has been associated with changes in respiratory virus infections 
worldwide, which have differed between virus types. Reductions in respiratory virus infections, 
including by influenza virus and respiratory syncytial virus, were most notable at the onset 
of the COVID-19 pandemic and continued in varying degrees through subsequent waves of 
SARS-CoV-2 infections. The decreases in community infection burden have resulted in reduced 
hospitalizations and deaths associated with non-SARS-CoV-2 respiratory infections. Respiratory 
virus evolution relies on the maintaining of a diverse genetic pool, but evidence of genetic 
bottlenecking brought on by case reduction during the COVID-19 pandemic has resulted in 
reduced genetic diversity of some respiratory viruses, including influenza virus. By describing 
the differences in these changes between viral species across different geographies over the 
course of the COVID-19 pandemic, we may better understand the complex factors involved 
in community co-circulation of respiratory viruses.
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Table 1 | community non-pharmaceutical interventions used during the coViD-19 pandemic

category of NPi Description Mitigation objective

Individual or personal level

Face masks Use of masks that cover the nose and mouth. Effectiveness 
depends on proper use and fitting, the particle size 
filtering efficiency of the material used, the amount of use 
and reuse, and virus levels in the respiratory tract of the 
symptomatic or asymptomatic infected wearer (for source 
control) or in expelled particles of the infected individuals 
(for prevention)

Reduce virus transmission to and from individuals by mitigating 
dispersal of respiratory droplets and aerosols containing 
infectious virus

Respiratory etiquette Cover coughs and sneezes of symptomatic persons with 
tissues, sleeves and elbows and avoid the use of hands

Limit virus transmission by reducing suspension and dispersal 
of respiratory droplets and aerosols containing infectious virus 
expelled by symptomatic infected persons to the surrounding 
environment, hands, and high-touch surfaces

Hand hygiene Hand washing with soap and water or hand sanitation 
with an alcohol-based hand sanitizer

Reduce virus transmission through contact with surfaces  
and fomites

Social distancing Maintain a separation of 2 m or more from others and 
avoid crowds

Reduce likelihood of virus transmission through respiratory 
droplets and aerosols from infected persons to exposed persons

Screening and 
isolation of sick 
individuals

Physically separate ill individuals from others at home, in 
public, at school and at work, combined with virus testing

Reduce virus transmission from infected symptomatic persons 
during the infectious period to close contacts (does not identify 
infected persons who are asymptomatic/presymptomatic)

Quarantine of 
exposed individuals 
in the community

Identify exposed individuals and encourage or require 
them to stay at home. Monitor them for the onset of 
symptoms, combined with virus testing

Identify high-risk exposures early and mitigate virus 
transmission to others before a potentially infected individual is 
contagious. Identify infected contacts and isolate them early in 
the infection course to further reduce spread to their contacts

Community

Face mask mandates 
in public spaces

Require the use of face masks in closed public settings  
and on public transportation

Limit virus transmission in situations with limited ability  
for social distancing

School and childcare 
facility closures

Close childcare facilities and limit social gatherings 
outside school and childcare facilities

Reduce virus infections among members of vulnerable age 
groups that may have difficulty with implementation of 
individual or personal NPIs and reduce virus introduction  
into households and the risk of secondary transmission

Close schools, colleges and universities; implement 
distance learning

Reduce virus infections among paediatric and young adult 
populations in locations where social distancing may be difficult 
to implement and reduce virus introduction into households 
and the risk of secondary transmission

Postponing or 
cancelling gatherings 
and events

Limit large gatherings, particularly in enclosed spaces Reduce community virus transmission and burden of infection

Stay-at-home and 
lockdown measures

Close non-essential businesses and prohibit indoor dining  
at restaurants (with the option to offer takeaway orders only)

Implement stay-at-home measures and limit movement  
in the community to essential workers

Reduce community virus transmission and density of people  
in public spaces

Maximize protection of essential workers to ensure essential 
businesses remain functional

Encourage teleworking in professions where in-person 
attendance is not essential

Reduce workplace virus transmission and encourage workers to 
stay at home when ill by allowing them to work as they are able. 
Minimize the impact on businesses

Home delivery of necessities including groceries, food  
and medications

Reduce community spread of virus and protect essential 
workers in these fields. Reduce virus transmission in enclosed 
settings

Contact tracing Identify and test exposed close contacts combined with 
quarantine

Educate and promote individual or personal-level NPIs. 
Identify symptomatic high-risk individuals for early 
initiation of targeted pharmaceutical interventions

Identify, evaluate, quarantine and monitor close contacts 
with high-risk exposures to reduce further virus transmission 
among first-responders, providers and patients in health care 
settings, residents of congregate settings, household members 
and individuals at high risk of disease complications. Provides 
surveillance data to quickly identify locations of outbreaks to 
provide appropriate education to mitigate further transmission

Reduction in public 
transport availability 
and use

Limit public transportation use except when essential. 
Limit availability of public transportation during periods  
of high community burden of infection

Minimize exposure and virus transmission in enclosed spaces 
where social distancing is difficult, and ventilation or air 
exchanges may be inadequate

Public health 
education

Distribute educational materials on individual and 
community mitigation strategies including updated 
information on virus transmission routes and dynamics. 
Use of multiple communication modalities, including 
social media

Provide individuals and the community with current information 
to prevent and control virus spread for themselves and others, 
and to combat misinformation
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In this Review, we summarize the epidemiology of 
common respiratory virus infections and then focus on 
the effect of SARS-CoV-2 and the use of NPIs in modi-
fying the circulation, clinical burden and evolution of 
endemic respiratory virus infections.

Community circulation of non-SARS-CoV-2 
respiratory viruses
The community co-circulation of respiratory viruses 
was common before the emergence of SARS-CoV-2. 
Established local, national and global surveillance sys-
tems, many of which measured medically attended 
respiratory virus infection cases, have helped monitor 

seasonal changes in circulation before the COVID-19 
pandemic8–10. While influenza viruses and RSV have 
been prioritized for surveillance, the expanded use of 
multiplex molecular respiratory virus assays and the 
increased awareness of the public health burden of res-
piratory viruses have renewed interest in characterizing  
the epidemiology of respiratory viruses. Furthermore, the  
COVID-19 pandemic has highlighted the importance of 
community-based surveillance as a means to assess the 
burden of infection11–13.

Through the Seattle Flu Study (a community sur-
veillance consortium in the Seattle, WA, USA, metro-
politan area) community respiratory virus detection 

category of NPi Description Mitigation objective

Community (cont.)

Community 
surveillance

Routine screening and virus testing for communicable 
disease in specific community populations

Assess community burden of infection and reduce further virus 
spread, allowing rapid implementation of other community 
measures to mitigate community disease burden

Environmental

Air quality 
improvement

Upgrade and improve ventilation systems in homes  
and buildings in consultation with heating, ventilation and  
air conditioning professionals. Enhance air filtration, 
including the use of portable air filters, HEPA filters, 
improvements to central air filtration and the use of 
restroom exhaust fans

Reduce the concentration of viral particles in the air in enclosed 
spaces to reduce transmission in enclosed spaces, including 
workplaces, health care settings, public indoor spaces and 
congregate settings

Increase air exchanges through opening of windows and 
doors and the use of fans particularly when indoor social 
distancing may not be possible

Reduce the concentration of viral particles in the air at home 
to reduce transmission, particularly in situations where social 
distancing may be difficult and in homes with a high density  
of people

Use of ultraviolet germicidal irradiation where other 
systems may not be available

Reduce the concentration of viable viral particles in the air 
capable of causing infection to reduce transmission where other 
forms of air filtration are not available

Disinfection of 
high-touch surfaces

Routine surface cleaning of high-touch objects, including 
toys, refrigerator handles, desks, doorknobs, railings, 
bathroom fixtures

Reduce transmission of virus from fomites, including  
in community health care settings

Country policies

Border closures Restrict travel into countries and between political 
borders

Reduce the introduction of virus from geographic locations 
with a high burden of infections. Limit the introduction of 
asymptomatic and symptomatic infected people. Slow down 
the introduction of virus and variants of concern

Health screening at 
points of entry/exit

Identify infected individuals through various screening 
methods before they leave or enter a country. Screening 
and virus testing of symptomatic persons or testing of all 
persons

Reduce or slow down international spread of virus in or out  
of a country, including for variants of concern

Quarantine measures 
for inbound travel

Quarantine of inbound travellers to certain countries  
and locations upon entry

Reduce the introduction of virus into a country, including 
from infected persons in their incubation period who are 
asymptomatic/presymptomatic or who have not yet yielded  
a positive test result

Travel advisories, 
mandates and 
restrictions

Require negative test results and/or up-to-date 
vaccination

Reduce the spread of virus from infected individuals

Travel alerts to visiting locations with a high burden  
of infection

Educate individuals before travel, including to practise precautions 
or to avoid non-essential travel, particularly to locations with a 
high burden of infection, and provide educational materials to 
visitors to these locations when travel is necessary

Face mask mandates for air travel Reduce the spread of virus when social distancing may not 
be possible. Limit virus transmission from asymptomatic and 
minimally symptomatic infected individuals

Zero COVID-19 
policy

NPIs and vaccination implemented at all community 
levels. Isolation of ill individuals and quarantine of exposed 
close contacts. Restriction of movement in the community

Contain and suppress levels of community infections to prevent 
sustained virus spread

HEPA, high-efficiency particulate air; NPI, non-pharmaceutical intervention.

Table 1 (cont.) | community non-pharmaceutical interventions used during the coViD-19 pandemic
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was monitored year-round14. With the community 
spread of SARS-CoV-2, there were associated circula-
tion changes across the tested non-SARS-CoV-2 viral 
pathogens from March 2020 onwards, coinciding 
with community implementation of NPIs, including a 
stay-at-home ordinance implemented at the onset of the 
COVID-19 pandemic15,16 (Fig. 1). Over time, the preva-
lence of SARS-CoV-2 and other respiratory viruses var-
ied throughout the different phases of the COVID-19 
pandemic, with changes in the detection of influenza 
virus, RSV, rhinovirus and respiratory enterovirus infec-
tions most commonly described. Characterizing these 
changes during the COVID-19 pandemic may help 
to shape public health recommendations to mitigate 
infection, especially in those most vulnerable to severe 
disease, and help our understanding of the interviral 
complexities that govern community co-circulation.

Influenza virus circulation during the COVID-19 
pandemic. Perhaps documented more than for any 
other respiratory virus, global influenza virus activity 
decreased markedly with the implementation of NPIs 
early in the COVID-19 pandemic17–20. Since 1952, the 
WHO has coordinated a global influenza surveillance 
system through the Global Influenza Surveillance and 
Response System, with 124 WHO member states21,22. 
The Centers for Disease Control and Prevention 
conducts seasonal influenza surveillance through 
syndromic surveillance for influenza-like illness (ILI) in 
laboratory, outpatient and hospital-based platforms, as 
well as through monitoring for deaths due to influenza 

and pneumonia in adult and paediatric populations23.  
The combined use of these and other systems around the 
globe has helped to clarify regional and temporal factors 
that affect the circulation of influenza virus, which are 
critical to influenza pandemic planning4.

Across different regions and hemispheres, there have 
been reduced cases of influenza since the start of the 
COVID-19 pandemic. While declines in the numbers of 
influenza cases may be due in part to changes in health 
care-seeking behaviours and influenza testing practices, 
specimen positivity rates have also shown an associated 
decline over this period18. Influenza vaccination cover-
age rates increased in adults and adolescents at the onset 
of the COVID-19 pandemic24 while influenza vaccine 
uptake in those younger than 5 years decreased over the 
same period24. Influenza vaccination campaigns histor-
ically have focused on the youngest age groups25–27 as 
children account for a substantial burden of influenza 
virus infections and are important contributors to influ-
enza virus transmission in the community25–29. However, 
reductions in influenza virus activity reported by sur-
veillance systems occurred despite evidence of decreased 
influenza vaccination coverage in children24,30.

Infections during the influenza season were reduced 
across a range of countries in the Northern Hemisphere. 
Influenza virus activity levels between October 2020 to 
early 2021 in the USA and Canada showed historically 
low levels, with US cases at their lowest since influenza 
surveillance data were first publicly available in 1997 
(reFs.31,32). Similarly, in Mexico, where bimodal influ-
enza seasons occur, national indicators of influenza 
virus activity showed a decline of influenza cases after 
broad NPI implementation began on 23 March 2020 
(reF.33). This included decreases in the frequency of ILI 
(see later), of clinical specimens that tested positive for 
influenza viruses, and of the numbers of severe influ-
enza cases. In Bangladesh, the 2020–2021 influenza 
season was delayed and was shorter than prior seasons, 
with the start of the annual influenza epidemic occur-
ring soon after NPIs were removed34. A modelling study 
of the timing of NPI implementation on influenza virus 
activity in China and the USA showed an associated 
decrease in influenza virus infections at the onset of the 
COVID-19 pandemic19, with influenza virus activity 
remaining suppressed in China throughout the remain-
der of 2020 (reFs.35,36). Surveillance reports in China 
from 2020–2021 show increased influenza virus activity 
relative to the previous year, with regional differences in 
the onset of peak activity; however, the degree of activity 
remained lower than in seasons before the COVID-19 
pandemic37.

Similarly, data from the Southern Hemisphere showed 
much lower levels of influenza virus activity than in pre-
vious seasons during the months that typically mark the 
beginning of the influenza season18. Influenza surveil-
lance sites in Australia, Chile and South Africa found that 
the influenza virus per cent positivity of clinical speci-
mens was markedly lower from April to July 2020 com-
pared with data from the 2017–2019 influenza seasons18. 
In Australia, this pattern of low influenza virus activity 
continued through to September 2020, despite variation 
in the implemented NPI strategies across the country6.

Box 1 | changes in invasive pneumococcal disease during the coViD-19 
pandemic

In addition to changes in viral pathogen activity, there have been reported global 
reductions in invasive pneumococcal disease (IPD) caused by Streptococcus 
pneumoniae, particularly among children younger than 5 years149–156. S. pneumoniae 
is a clinically important bacterial pathogen spread by respiratory droplets and can 
cause significant morbidity and death. Transmission can lead to colonization and a high 
carriage density157, which can in turn affect the risk of progression to invasive disease, 
including sepsis, meningitis and lower respiratory tract infections such as pneumonia158. 
Colonization of the respiratory tract by S. pneumoniae is influenced by vaccination159–161, 
host immunity162, respiratory microbiota interactions163 and viral co-infections157,163. 
Specifically, influenza virus and other respiratory virus co-infections have been 
associated with increased S. pneumoniae carriage density through modifications 
of the microenvironment and facilitating S. pneumoniae growth in respiratory sites of 
colonization157,163. Furthermore, influenza virus co-infection has been associated with 
increased IPD risk164–166; however, this synergistic relationship may differ across species 
of respiratory viruses that cause co-infection with S. pneumoniae157.

The decline in IPD during the pandemic is likely multifactorial, owing to factors such 
as reduction of person-to-person bacterial transmission through face mask mandates 
and social distancing156, reduction of bacterial burden among children from school 
closures151,154 and changes in the circulation of viruses other than severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), which decreased the risk of 
co-infection153,156. The reduction of influenza virus infection and RSV infection cases 
mirrored reductions in IPD cases153. Although people with SARS-CoV-2-associated  
IPD experience severe disease outcomes152, S. pneumoniae and SARS-CoV-2 co-infections 
are uncommon167,168.

However, these reductions in IPD cases may not be sustained, as reports have shown 
increased incidence of IPD where non-pharmaceutical intervention measures were 
removed169. Furthermore, reduced paediatric vaccination rates during the COVID-19 
pandemic170, including S. pneumoniae immunizations, may result in long-term increases 
in the community burden of IPD171.

Syndromic surveillance
Nonspecific symptom-based 
monitoring used with case 
definitions to detect early 
and unusual events or changes 
from the baseline; requires 
laboratory testing to provide 
disease specificity.

Influenza-like illness
(ili). Fever (temperature of 
37.8 °C or greater) and a 
cough and/or a sore throat.
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Global influenza virus activity remained low during 
the 2021–2022 influenza season, with low influenza 
virus numbers (as well as of most viruses) detected over-
all in northern temperate zone countries and countries 
in the tropics and subtropics38. However, there was a rel-
ative increase in influenza virus activity, particularly in 
temperate zone countries, compared with the 2020–2021 
influenza season38. In China, influenza B virus predom-
inated during the 2021–2022 influenza season, while 
other Asian countries reported cases of both influenza 
A virus and influenza B virus38.

How influenza virus activity will change over the 
remainder of the COVID-19 pandemic is unknown, espe-
cially with the variable lifting of travel restrictions, changes 
in NPI implementation policies, return to in-person learn-
ing, behavioural changes (such as variable compliance 
with masking), waning population immunity to influenza 
viruses, the emergence of new SARS-CoV-2 variants and 
subvariants, the evolving epidemiology of COVID-19  
and challenges associated with influenza vaccine  
strain selection with low levels of circulating virus39.

Community circulation is thought to be driven in 
part by household transmission of influenza viruses40, 
with school-aged children playing a significant role in 
these infections41. However, despite the reopening of 
schools in some communities, early surveillance data 
during the 2021–2022 influenza season in the Northern 
Hemisphere indicated a return of only sporadic cases of  
influenza virus infections but not the same degree  
of activity observed before the COVID-19 pandemic 
in Canada42 and the USA8. These examples show 
that personal-level NPIs, such as social distancing or 
face mask use, are associated with low influenza virus 
community circulation.

But even in communities where virus circulation is 
low, influenza outbreaks may still occur. An influenza 
A(H3N2) outbreak on a US university campus high-
lighted the effect of an abrupt return of community 

influenza virus circulation43. Data from the Seattle Flu 
Study identified a spike in influenza A(H3N2) virus 
prevalence in the spring of 2022, coinciding with the 
easing of pandemic NPIs16. This occurred at a time typ-
ically associated with the end of the traditional annual 
influenza season.

Moreover, several countries in the Southern 
Hemisphere reported influenza virus activity that was 
different from that in the pre-COVID-19 pandemic 
period. In Brazil, an unusual interseasonal influenza 
A(H3N2) epidemic occurred between October and 
November 2021 (reF.44), while in Argentina influenza 
virus activity was increased in 2022, as reported in epi-
demiological week 17 (reF.45). In June 2022, Australia 
experienced an early epidemic surge of seasonal influ-
enza virus activity that peaked in May and June, with 
higher numbers of reported cases than during the three 
influenza seasons before the emergence of SARS-CoV-2 
(reF.46). It is unclear whether this is a reflection of the 
removal of COVID-19 pandemic NPIs or whether it was 
related to factors specific to that region.

RSV circulation during the COVID-19 pandemic. 
With COVID-19 NPIs in place, case counts decreased 
significantly across geographic regions and climate 
zones31,32,47–50. The effect of stay-at-home orders during 
the early pandemic decreased non-household social 
interactions, thereby reducing viral introductions and 
secondary household transmission. Because RSV is 
often transmitted through close contact in a child-
care facility or school, the effect of these stay-at-home 
orders was likely to have had a more pronounced effect 
on the spread of RSV in paediatric populations, as well 
as onward transmission to groups at increased risk of 
infection, such as infants and adults aged 65 and older.

In Tokyo, where RSV outbreaks occur in summer 
and autumn months, no RSV outbreaks were observed 
in 2020 (reF.51). However, in 2021, the Tokyo metropoli-
tan area had the largest increase in RSV cases since RSV 
surveillance was established in 2003 (reF.51). The rapid 
resurgence of RSV infections was thought to be due in 
part to the reduced population-level immunity as well as 
children’s re-engagement in social activities51.

Interseasonal RSV circulation has occurred during 
the COVID-19 pandemic, with uncharacteristic peaks 
during times of the year not typical of RSV seasonality51. 
In Australia and South Africa, where seasonal peaks gen-
erally occur during the winter, peaks of RSV cases were 
noted in the spring and summer of 2020, coinciding with 
the implementation and subsequent easing of commu-
nity NPIs48,52,53. US cases of RSV infection decreased rap-
idly after NPI implementation and remained at historical 
low levels into early 2021 (reF.54). However, RSV activ-
ity peaked in the USA during the spring and summer 
months of 2021, with variations by geographic region 
likely attributed to differences in implementation of 
community NPIs by states55.

Rhinovirus and respiratory enterovirus circulation 
during the COVID-19 pandemic. The case counts of 
rhinoviruses and respiratory enteroviruses decreased at 
the start of the pandemic. However, unlike for most of  

Box 2 | Viral interference

Respiratory viral infections can involve complex viral pathogen interactions when 
a host is infected with more than one type of respiratory virus or when a host is 
sequentially infected with different respiratory viruses. Among the different virus–virus 
interactions, viral interference is a direct or indirect antagonistic interaction between 
respiratory viruses that affects one virus’s ability to infect and cause disease in the host. 
Evidence of such inhibitory interactions was reported during the 2009 H1N1 influenza 
pandemic in Europe, during which preceding regional rhinovirus epidemics were 
temporally associated with unexplained and abrupt declines of influenza cases172,173. 
In turn, annual respiratory syncytial virus activity in France was delayed while infections 
due to pandemic influenza A(H1N1)pdm09 virus became widespread174. These early 
observations laid the foundation for subsequent studies exploring viral interference. 
Negative virus interactions have also been reported in other viral pairings175,176, and viral 
interference involving severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
is also thought to occur given the number of cases of SARS-CoV-2 but relatively few 
viral co-infections during the COVID-19 pandemic177.

Laboratory-based models have demonstrated plausible mechanisms by which viral 
interference could exist. For instance, infection with one virus stimulates a broad innate 
immune response and interferon release, which may inhibit subsequent respiratory 
viral infections65,178. Alternatively, simultaneous respiratory viral infections may lead to 
antagonistic effects; for example, viruses may compete for resources179, or the presence 
of one virus may drive the downregulation of cellular receptors that are necessary for 
viral entry in the host180. These effects can result in inhibition or delay of secondary 
infections, or the reduction of severe disease risk associated with subsequent infection.
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Fig. 1 | Prevalence of community respiratory viruses and SArS-coV-2 from the Seattle Flu Study 2019–2022. 
a | Prevalence of influenza A virus A and influenza B virus (2019–2022). b | Prevalence of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and other respiratory viruses. Included are respiratory specimens from 2018 epidemiological 
week 47 to 2022 epidemiological week 30; a total of 154,740 specimens were tested: 957 in 2018, 25,019 in 2019, 64,869 
in 2020, 48,458 in 2021 and 15,437 in 2022. Respiratory specimens were tested with use of a custom-arrayed reverse 
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the other endemic respiratory viruses, the prevalence 
of rhinoviruses and respiratory enteroviruses quickly 
rebounded and persisted despite ongoing community 
NPI implementation.

Rhinoviruses and respiratory enteroviruses, which 
are non-enveloped viruses that are members of the 
same viral genus and are thus indistinguishable by most 
molecular tests, have been observed across multiple 
studies from different countries and regions. US national 
surveillance of respiratory viruses showed that rhino-
virus and respiratory enterovirus detections decreased 
substantially between March and May 2020 but then 
returned to the seasonal levels of previous years31. In 
California, a sentinel surveillance system reported levels 
of rhinovirus and respiratory enterovirus activity that 
were similar to the levels in pre-COVID-19 pandemic 
seasons, with typical seasonal-level changes observed 
beginning in the autumn of 2021, after lower activity at 
the onset of the COVID-19 pandemic56. Persistence of 
non-enveloped respiratory viruses, including rhinovirus 
and respiratory enterovirus, was also seen in South Korea 
despite stringent social distancing practices during the 
pandemic57,58. The authors of these studies suggested 
that this was due to the non-enveloped virus structure’s 
resistance to environmental factors and prolonged shed-
ding. Similarly, in a nationwide analysis of paediatric 
data in a Finnish infectious disease registry, rhinovirus 
and respiratory enterovirus detection initially decreased 
with early lockdown procedures and school closures but 
returned to typical levels as social distancing measures 
were eased59. During the winter season in Australia 
over the same period6, rhinovirus and respiratory 
enterovirus were noted to be present at above-average 
levels, and the levels increased as schools reopened60. 
Studies from tropical regions, including Brazil61 and the 
Philippines62, where seasonality of respiratory viruses 
may differ from that in temperate regions, reported 
continued detection of rhinovirus and respiratory 
enterovirus among respiratory samples tested during  
the pandemic.

Collectively, these studies suggest that the inherent 
properties of rhinoviruses and respiratory enteroviruses, 
including the absence of a viral envelope, their stability 
on surfaces and the genomic diversity and number of 
strains that co-circulate, may allow infections to quickly 
increase and persist when the implementation of NPIs 
is relaxed. This is despite the continued suppression 
of other respiratory viruses by the remaining NPIs.  
A greater proportion of rhinovirus infections are min-
imally symptomatic or asymptomatic, compared with 
most other respiratory viruses, which may lead to ongo-
ing transmission in settings where symptom screening 
was used as part of the criteria for school or work attend-
ance. Given the sensitivity of rhinovirus and respiratory 
enterovirus to changes in implementation of NPIs, 
some have proposed using rhinovirus and respiratory 
enterovirus as a sentinel indicator of the stringency and 
effectiveness of NPI use63.

Interestingly, studies have identified an inverse 
relationship between levels of SARS-CoV-2 and rhino-
virus and respiratory enterovirus in some locations. As 
rhinovirus and respiratory enterovirus cases returned 

to near pre-pandemic levels in both California56 and 
South Korea57, their peaks and troughs were the inverse 
of those of SARS-CoV-2. While this finding may be 
incidental, viral interference7 (box 2) between the three 
viruses may be possible64. A similar virus–virus interac-
tion has been reported at the host and population level 
between rhinovirus and influenza virus65.

Circulation of other non-SARS-CoV-2 respiratory 
viruses during the COVID-19 pandemic. Among other 
non-SARS-CoV-2 respiratory viruses, there has been 
variation in circulation changes by viral species during 
the COVID-19 pandemic.

Like influenza virus and RSV, seasonal human corona-
virus16,31,32,66,67, human parainfluenza virus16,32,60,67,68 
and human metapneumovirus16,32,60,67,68 experienced 
marked reductions in circulation at the onset of the 
COVID-19 pandemic when NPIs were in place. All 
three are negative-stranded RNA viruses in the family 
Paramyxoviridae, and share the features of having a 
viral envelope, circulating primarily in paediatric pop-
ulations and having a clear seasonality. These viruses all 
rebounded as pandemic NPIs were lifted, thought to be 
due to school reopening and relaxation of NPIs leading 
to transmission16,69.

Adenoviruses and respiratory enteroviruses 
have both persisted despite NPIs. Although the lev-
els of both decreased at the onset of the COVID-19 
pandemic16,32,67,70, there were fewer fluctuations in case 
counts of these viruses compared with influenza virus 
and RSV despite shifting community policies in some 
localities60. In part, the persistence of adenovirus may 
be attributable to its lack of a viral envelope, and envi-
ronmental stability, leading to persistent detection 
on surfaces, and extended shedding among infected 
individuals71. In Europe, relaxation of NPIs was asso-
ciated with a rapid increase in enterovirus D68 cases 
between July and October 2021 (reF.72).

Reports on human bocavirus early in the COVID-19 
pandemic demonstrated different circulation patterns, 
with some reporting increasing positive testing rates66 
and others showing decreased frequencies67,70. Studies 
from China and South Korea found initial decreases 
in cases of human bocavirus35,57 early in 2020, followed 
by a later resurgence beyond what was expected from 
previous season patterns in China35.

Data on human parechovirus circulation patterns 
during the COVID-19 pandemic are limited, with 
one study showing a decrease in human parechovirus 
detection in young children early in 2020 (reF.67).

Health care burden of non-SARS-CoV-2 viruses
The health care burden of respiratory virus infections 
during the COVID-19 pandemic reflected the changes 
seen in respiratory virus community circulation.

From a health care utilization standpoint, the vol-
ume of emergency department (ED) visits and hos-
pital admissions associated with non-SARS-CoV-2 
respiratory virus infections decreased at the onset of the 
COVID-19 pandemic as broad NPIs were first imple-
mented. One study estimated that community face 
mask use was associated with a significant decrease in 

Sentinel surveillance system
Disease monitoring by use  
of specific case definitions at 
health care facilities to assess 
disease trends; requires defined 
a catchment population  
to generate disease incidence 
or prevalence rates.
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ED visits for diseases associated with non-SARS-CoV-2 
respiratory infections, including exacerbations of asthma 
and chronic obstructive pulmonary disease (COPD)73. 
As public health measures were lifted and some viruses 
returned, a corresponding increase in health care 
utilization was also seen.

While NPIs likely played an important part in med-
ical visits, other factors may have also affected these 
measures of health care burden. Human behaviour and 
health care attendance changed during the COVID-19 
pandemic, along with increases in telemedicine con-
sultations, contributing to reports of fewer in-person 
clinic appointments74,75 and ED visits76–79. Supply chain 
shortages and changes in respiratory virus testing pri-
orities may have led to a prioritization of testing for 
SARS-CoV-2 in some localities until reagents became 
available, which may have been associated with less 
testing and therefore less detection of other respiratory 
viruses20. But even as patients returned for in-person 
care and health care systems increased their capacity 
to test for non-SARS-CoV-2 respiratory viruses, there 
were fewer ED visits and hospital admissions associated 
with non-SARS-CoV-2 respiratory viruses early in the 
COVID-19 pandemic.

ED visits associated with respiratory illnesses and non- 
SARS-CoV-2 viruses. The weekly number of US 
ED visits associated with respiratory illnesses and 
non-SARS-CoV-2 infections decreased early in the 
COVID-19 pandemic compared with the correspond-
ing weeks of 2017–2019 (reF.80). The number of ED 
visits associated primarily with respiratory concerns 
(including fever, cough and shortness of breath) initially 
increased between March and April 2020, but by the end 
of 2020, there were fewer non-SARS-CoV-2 respiratory 
ED visits than in previous years. The start of the COVID-
19 pandemic was also associated with a decline in US 
paediatric ED visits compared with 2019, with the great-
est decreases observed for non-SARS-CoV-2-associated 
respiratory illnesses81.

France82, Israel83, South Africa84, Turkey85 and 
Finland76 also reported decreases in ED visits associated 
with respiratory illness at the start of the COVID-19 
pandemic. However, there was considerable variability 
in the number of ED visits for respiratory illnesses as 
the COVID-19 pandemic progressed, likely related to 
differences in country-specific implementation of NPIs.

Changes to ED visits associated with specific viral 
pathogens have also been noted, despite variations in 
testing patterns and implementation of COVID-19 
NPIs. Sharp declines of both influenza virus-related 
ED visits76,80,86–88 and RSV-related ED visits76,80,88 were 
reported as NPIs were implemented, consistent with 
the decline in the community circulation of influenza 
virus and RSV. In addition, ED visits in the USA asso-
ciated with other enveloped respiratory viruses, such 
as human metapneumovirus and human parainfluenza 
virus, showed a similar decline and remained low for 
the duration of 2020 (reF.80). By contrast, the numbers 
of ED visits associated with the non-enveloped rhino-
virus and respiratory enterovirus were similar and 
sometimes higher than what was observed in previous 

years, which is consistent with their persistence in 
the community80.

Hospital admissions associated with non-SARS-CoV-2 
respiratory virus infections. Hospital admissions associ-
ated with non-SARS-CoV-2 respiratory virus infections 
showed declines similar to those of other measures of 
health care burden early in the COVID-19 pandemic. 
Hospitalization rates are an important public health 
measure of disease severity, and population-level 
hospital-based surveillance systems were established 
before the COVID-19 pandemic, particularly to monitor 
seasonal influenza virus activity.

As SARS-CoV-2 community spread began early in 
2020, influenza-associated hospitalizations decreased 
internationally and continued to be at historically low 
levels until the 2021–2022 influenza season worldwide. 
Hospital-based surveillance early in the COVID-19  
pandemic in Australia6, South Africa48 and South 
Korea58 showed reductions in influenza-associated 
hospitalizations throughout the remainder of 2020.

In the USA, where surveillance of influenza- 
associated hospitalization is conducted through t he  
i nf lu enza Hospitalization surveillance Network (Flusurv-NeT)89, 
the rates of influenza-associated hospitalization 
between February and March 2020 plateaued follow-
ing community spread of SARS-CoV-2 (reF.90). During 
the 2020–2021 influenza season, US surveillance sites 
reported a cumulative influenza-associated hospital-
ization rate of 0.8 per 100,000 population, the lowest 
rate of any season since 2005, when data collection 
began91. US hospitalization rates by age group in that 
year were not calculated given the low numbers of 
influenza-associated hospitalizations. Through the 
subsequent waves of SARS-CoV-2, there was regional 
variation in the ongoing use of COVID-19 NPIs, and 
by the 2021–2022 influenza season, influenza-associated 
hospitalization rates had returned to the levels seen in 
previous influenza seasons. As of 11 June 2022, the 
cumulative influenza-associated hospitalization rate 
in the US for all ages for the 2021–2022 influenza sea-
son was 17.1 per 100,000 population, compared with 
the pre-COVID-19 pandemic rate of 62.0 per 100,000 
population during the 2016–2017 influenza season and 
102.9 per 100,000 population during the 2019–2020 
influenza season8.

Early in the COVID-19 pandemic, RSV-associated 
hospitalizations declined in countries in both the 
Northern Hemisphere58,92–96 and the Southern Hemi-
phere48,53,97, where the typical RSV season was end-
ing or just beginning, respectively. However, unlike 
influenza-associated hospitalizations, there has been 
variation in the trends of RSV-associated hospitaliza-
tions as COVID-19 NPIs were lifted. Many countries 
reported delayed returns of RSV-associated hospitaliza-
tions in comparison with pre-COVID-19 pandemic sea-
sons, corresponding to community circulation patterns. 
In the USA, between October 2020 and April 2021, t he  
r es pi ra tory syncytial Virus Hospitalization surveillance  
Network98 reported a lower RSV-associated hospital-
ization rate (0.3 per 100,000 persons) than in the two 
prior seasons (27.1 per 100,000 persons and 33.4 per 

Influenza Hospitalization 
Surveillance Network 
(FluSurv-NET)
Us surveillance system that 
collects population-level 
data on laboratory-confirmed 
influenza-associated 
hospitalizations across 
14 states.

Respiratory Syncytial Virus 
Hospitalization Surveillance 
Network
Us surveillance system that 
collects data on respiratory 
syncytial virus-associated 
hospitalizations across 
12 states each year.
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100,000 persons)54. Of the RSV-associated hospitaliza-
tions between October 2020 and May 2021, 77% were 
reported during April and May 2021, illustrating a shift 
in the typical peak of RSV-associated hospitalizations, 
which usually peak in the winter months31. One New 
York City area hospital reported a delay in its expected 
winter peak of RSV-associated hospitalizations during 
the 2020-2021 RSV season to the spring and summer 
months99. Potential reasons for this shift may be lower 
population-level immunity from lack of infections 
because of reduced circulation during the early days 
of the pandemic, leading to a larger susceptible pool of 
individuals who can be infected and transmit RSV.

Shifts in hospitalizations associated with the RSV 
season have also been seen in other countries, with 
variations in the degree of delay relative to previous 
seasons. In France, the 2020–2021 RSV season was char-
acterized by a 3–4-month delay in the seasonal peak of 
RSV-associated hospitalizations100,101. Moreover, one 
Spanish hospital reported that RSV-associated bron-
chiolitis admissions were delayed until June 2021; in 
previous seasons, RSV-associated hospitalization peaks 
typically occurred between November and February95.

In the Southern Hemisphere, countries also experi-
enced delays in RSV-associated hospitalizations dur-
ing the 2020 winter months. Regional reports from 
Western Australia noted significant reductions in 
RSV-associated infections during the winter months47,53. 
However, an uncharacteristic interseasonal increase of 
RSV-associated ED visits and hospitalizations occurred 
in the spring and continued into the early summer 
months following the lifting of social distancing pol-
icies but before relaxation of restrictions on interstate 
travel53. In 2020, RSV-associated hospitalizations in 
Buenos Aires, Argentina, were very low during the win-
ter months, when hospitalizations typically peak. In the 
winter season of 2021, a seasonal peak of RSV-associated 
hospitalizations returned following the reopening of 
schools in the community, but was delayed by 10 weeks 
compared with the 2016–2019 seasons97. The unpredict-
able onset and duration of the RSV season after initial 
COVID-19 pandemic NPIs were implemented compli-
cated decisions around administration of palivizumab, 
a monoclonal antibody given to infants at increased risk 
of severe illness during the RSV season102.

In addition to the variation in RSV incidence shifts, 
there has been considerable geographic variation in the 
proportion of RSV infections requiring hospitalization, 
with some countries reporting higher rates and others 
lower rates as RSV re-emerged100. Moreover, one US 
study reported that children hospitalized with RSV dur-
ing the 2020–2021 season required higher levels of care 
(81% versus 45%, respectively, admitted to an intensive 
care unit) and had a longer median length of hospitali-
zation (4 days versus 3 days, respectively) than children 
hospitalized with RSV during the 2019–2020 season99.

Why these changes in the epidemiology of RSV 
occurred is not known, although these shifts may be in 
part due to waning population-level immunity. Infants 
are protected through transplacentally derived mater-
nal antibody in the first several weeks of life. Low levels 
of RSV circulation will lead to waning population RSV 

antibody titres, and subsequently lead to lower levels of 
maternal antibody being transferred to infants during 
gestation103. This has the potential to result in a birth 
cohort with low levels of maternally derived antibody to 
experience their first RSV season, at a time when RSV 
circulation is much higher than in prior years. This 
would lead to both increased risk of infection and mini-
mal neutralizing antibody titres to protect against severe 
disease. Simultaneously, there will also be older children 
who will also encounter their first RSV infection, and 
infections in young and older children could strain hos-
pital capacity. Modelling studies have estimated that 
RSV hospitalizations in the post-pandemic period were 
twice as great as in a normal RSV season for children 
aged 1 year or younger, but to be highly dependent 
on NPIs in place and introductions of the virus from 
other regions104.

Data on hospital admissions due to other non- 
SARS-CoV-2 respiratory viruses are limited. Several 
reports demonstrate that rhinovirus-associated and 
respiratory enterovirus-associated hospitalizations in 
adults and children persisted or appeared to increase 
as the COVID-19 pandemic progressed, coinciding in 
part with the return of in-person school instruction for 
children58,92,105,106. A retrospective study of paediatric 
hospitalizations in one US children’s hospital reported 
a persistence of rhinovirus and respiratory enterovirus 
detection, while the number of other viruses decreased92. 
In a report on hospitalized adult patients from the UK, 
there was an initial decrease in rhinovirus-positive and 
respiratory enterovirus-positive test results between 
March and September 2020 (reF.105). However, 2 weeks 
after the reopening of primary and secondary schools, 
there was a notable increase in the detection of rhino-
virus and respiratory enterovirus in these hospitalized 
patients, reaching levels seen during the 2019 season105. 
In both China106 and South Korea58, the numbers of 
rhinovirus-associated hospitalizations in the summer 
months of 2020 were higher than the numbers reported 
in previous seasons.

Whether increases in rhinovirus and respiratory 
enterovirus circulation reflect decreased interactions 
with other respiratory viruses, alteration of predomi-
nant rhinovirus species or serotypes, or an opportunistic 
change where rhinovirus infections are filling a niche 
left by decreases in the numbers of enveloped viruses is 
unknown. However, rhinovirus sequencing data early in 
the COVID-19 pandemic showed no significant changes 
in rhinovirus species predominance in comparison with 
previous seasons57,106.

Similar persistence patterns were also observed for 
other non-enveloped viruses, including adenovirus 
and human bocavirus, which demonstrated persistent 
but oscillating detections as the COVID-19 pandemic 
unfolded58.

Reports on hospitalizations associated with other 
non-SARS-CoV-2 respiratory viruses are limited, but 
some studies have shown similar declines at the start of 
the COVID-19 pandemic. In one US paediatric hospi-
tal, there was an abrupt decrease in non-SARS-CoV-2- 
associated hospitalizations after 21 April 2020 that con-
tinued through to December 2020 (reF.92). In addition 
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to no reported cases of influenza virus-associated or 
RSV-associated hospitalization, there were no hospital-
izations for human metapneumovirus, human parainflu-
enza or seasonal human coronavirus infections through 
to 31 December 2020 (reF.92). Hospital surveillance data 
from South Korea also demonstrated decreases in the 
monthly rate of detection of enveloped viruses, including 
human parainfluenza virus, seasonal human coronavirus 
and human metapneumovirus58.

Respiratory disease associated with 
non-SARS-CoV-2 viruses
The landscape of clinical respiratory disease burden not 
associated with SARS-CoV-2 infection has also changed 
during the COVID-19 pandemic. Respiratory syndromes 
and conditions such as otitis media, pneumonia and inva-
sive bloodstream infections have been affected by shifts 
in viral pathogens, showing initial declines in frequency 
and alterations that match the clinical epidemiology of 
community-acquired respiratory viruses.

Acute respiratory illnesses and ILI. Declines in cases of 
acute respiratory illnesses (ARIs) and ILI were associated 
with the mitigation of non-SARS-CoV-2 respiratory 
viruses and have been reported most prominently among 
children. One multicentre ARI surveillance study in the 
USA showed a sharp decline in paediatric ARI cases in 
April 2020 after many communities had implemented 
stay-at-home orders107. This was largely due to the 
decline of influenza-associated and RSV-associated ARI.

In a multicentre prospective study of primary care 
paediatric practices in Germany between November 
2020 and April 2021, rhinovirus was the most com-
monly detected respiratory virus among children with 
ARI, while SARS-CoV-2 and influenza virus infections 
were minimally detected108. Among children in Thailand 
seeking care, there was a notable increase in cases of ILI 
caused by rhinovirus in July 2020, which were replaced by 
RSV-associated ILI cases later in the season109. This sug-
gests that although overall numbers of ILI cases declined, 
rhinovirus and RSV were important contributors to 
those cases that did require hospitalization.

All-cause outpatient ILI surveillance in the USA, 
conducted through ILI-Net, has shown general fluctu-
ating patterns between the 2019–2020 and 2021–2022 
influenza seasons8. The changes in the percentages of ILI 
outpatient visits are likely due in large part to the waves 
of SARS-CoV-2 infections in adults, but are possibly also 
due in part to non-SARS-CoV-2 respiratory viruses as 
endemic respiratory virus infections increased during 
2021–2022 with the relaxation of NPIs. In a study of ILI 
in South Korea, the levels of respiratory virus causes fluc-
tuated with community circulation, including initially 
lower levels of human bocavirus followed by increases in 
the detection rate towards the end of 2020 (reF.57).

Community-acquired pneumonia incidence. Community- 
acquired pneumonia (CAP) causes substantial clinical 
burden and has both viral and bacterial aetiologies110,111. 
Many early COVID-19 pandemic reports showed a 
decrease in the incidence of non-COVID-19 CAP that 
was associated with the implementation of community 

NPIs112–120. Comparisons of these CAP cases early in the 
COVID-19 pandemic with CAP cases in periods during 
the pandemic but before NPI implementation and with 
CAP cases in previous seasons show a change in both 
bacterial and viral aetiologies118,121.

One multicentre study in Germany observed a sea-
sonal decline in the frequencies of CAP cases associated 
with non-SARS-CoV-2 respiratory viruses, and these 
corresponded to a reduction in the diversity of the caus-
ative viral pathogen (that is, there were fewer types of 
respiratory viruses associated with CAP)121. For instance, 
from May 2020 through the remainder of the year, there 
was an abrupt reduction in the diversity of pathogens, 
with only rhinovirus-associated CAP as a persistent and 
lingering viral cause of non-COVID-19 CAP.

Bronchiolitis incidence. The burden and epidemiology 
of bronchiolitis, a common lower respiratory tract dis-
ease diagnosis in young children, has also been impacted 
by the effects of the COVID-19 pandemic.

While bronchiolitis can be associated with any 
respiratory virus infection, including SARS-CoV-2 
infection and influenza virus infection, cases are com-
monly associated with RSV infection122. Many countries 
reported changes in the frequency of bronchiolitis cases 
that mirrored trends in community circulation of RSV 
during the COVID-19 pandemic. Bronchiolitis cases 
decreased in Northern Hemisphere countries, with 
low numbers of cases reported throughout much of the 
2020–2021 respiratory virus season94–96,120,123–126.

The implementation of NPIs early in 2020 occurred 
at a time when seasonal cases of bronchiolitis were 
expected in the Southern Hemisphere. However, acute 
lower respiratory tract infections, including bronchioli-
tis, in children in Argentina remained low for the dura-
tion of the 2020 season, when bronchiolitis and other 
paediatric lower respiratory tract infection peaks were 
expected127. In Brazil, infant hospitalizations for res-
piratory disease, including bronchiolitis, declined dur-
ing April and June 2020 (typically seasonal peaks occur 
from March to July)128. In Australia, fewer cases of hospi-
talized bronchiolitis and fewer bronchiolitis admissions 
to paediatric intensive care units were observed than in 
previous seasons129. However, sentinel surveillance of 
Australian hospital records when RSV epidemics reoc-
curred in late 2020 to early 2021 showed numbers sim-
ilar to or higher than the numbers in previous seasons, 
confirming the mirrored incidence of bronchiolitis and 
RSV community transmission130.

Chronic respiratory disease incidence. Chronic respira-
tory diseases have also been impacted by the effects of 
the COVID-19 pandemic. Exacerbations of asthma and 
COPD are frequently associated with respiratory virus 
infections, and national lockdowns and pandemic NPIs 
were associated with fewer asthma hospital admissions 
in the early COVID-19 pandemic period120,124,125,131. In the 
UK, in addition to fewer asthma admissions, there were 
reductions in severe asthma exacerbations, with no sig-
nificant changes in deaths due to asthma132. Frequencies 
of hospital admissions for exacerbations of COPD have 
also declined in South Korea and Slovenia133,134.

Acute respiratory illnesses
(aris). New respiratory 
symptoms with or without 
fever caused by infection  
of the respiratory tract.

Community-acquired 
pneumonia
(CaP). Pneumonia caused  
by respiratory pathogens 
circulating among the 
community, not health  
care associated.
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Several explanations have been proposed to explain 
these findings, including infections and non-infectious 
causes. Respiratory virus infections are frequently asso-
ciated with exacerbations of chronic respiratory diseases. 
Therefore, the decreased community circulation, which 
is associated with behavioural changes and NPIs, may 
have led to fewer exacerbations attributed to respiratory 
viruses. One report noted that there was an increase in 
the number of prescriptions for inhaled and oral corti-
costeroid before lockdown was implemented, possibly 
due to concern about medication shortages or access 
during lockdown, and higher adherence to controller 
medication use132. Fewer hospitalizations due to asthma 
and COPD may also be due to improved home man-
agement of exacerbations. Other factors associated with 
fewer chronic respiratory disease exacerbations include 
additional changes in health-seeking behaviour, such as 
the use of telehealth visits that allowed management of 
exacerbations at home and reduction in air pollution 
from stay-at-home measures135.

Virus-associated severe illnesses and deaths. Severe 
illnesses associated with non-SARS-CoV-2 respira-
tory virus infections declined during some periods 
of the COVID-19 pandemic. For instance, only one 
influenza-associated paediatric death was reported 
in the USA during the 2020–2021 season, in contrast 
to144 deaths during the 2018–2019 season and 199 
deaths during the 2019–2020 season. From October 2021 
to April 2022, 24 influenza-associated paediatric deaths 
were reported in the USA, corresponding to increased 
influenza virus activity during the 2021–2022 season8.

Evolution of influenza viruses and other 
non-SARS-CoV-2 respiratory viruses
The global implementation of NPIs, broad commu-
nity spread of SARS-CoV-2 and individual behaviour 
changes during the COVID-19 pandemic seem to have 
dramatically reduced the circulation of common res-
piratory viruses. However, many respiratory viruses 
returned as these measures were lifted, with the fre-
quency of infections and circulation patterns influ-
enced by regional differences in community NPIs.  
A hallmark of respiratory viruses is their ability to con-
tinue circulating despite the accumulated population 
immunity from infections, and in the case of influenza 
virus infections, the variable use of vaccines. Evolution is  
central to immune evasion by respiratory viruses, and 
is facilitated by genetic mutations from a diverse viral 
gene pool. The sudden drop in respiratory virus trans-
mission may have affected the genetic diversity of many 
viral species by creating an evolutionary bottleneck, but 
the lasting effects of this evolutionary pressure will vary 
and will be impacted by many factors, such as chang-
ing population-level susceptibility, the introduction of 
strains through increased international travel and the 
development of novel vaccines.

Impact of changes in viral transmission. Both baseline 
pre-pandemic genetic diversity and specific viral char-
acteristics may influence a virus’s ability to resist the 
selection pressure associated with NPI use. RSV, for 

example, circulates in the community as two subtypes, 
RSV-A and RSV-B, that can alternate in predominance 
in many regions. In Australia, both subtypes frequently 
co-circulate with similar prevalence130. Before the emer-
gence of SARS-CoV-2, RSV genomic diversity was main-
tained by sources both within and outside Australia136. 
However, genomic analyses of samples obtained before 
and after the onset of the COVID-19 pandemic showed 
both a change in the RSV subtype predominance (with 
RSV-A predominating after community NPIs were 
implemented) and a reduction in RSV-A sublineages 
and the emergence of novel lineages, which were genom-
ically linked to frequent domestic importations as well as 
rarer importations from Washington state in the USA130. 
Whether similar changes in RSV subtype predominance 
or genomic diversity were experienced in other regions 
is not known, and subsequent analyses will be needed 
to understand whether regional RSV diversity could be 
restored as global travel increases.

By contrast, limited genomic analyses of rhinoviruses 
suggested a different outcome during the COVID-19 
pandemic. Rhinovirus includes several species that are 
genetically diverse and are able to continuously circulate 
in the community despite NPIs. Although differentiat-
ing rhinovirus types through genomic sequencing is not 
always possible, the predominance of rhinovirus spe-
cies in South Korea did not seem to change during the 
COVID-19 pandemic despite community SARS-CoV-2 
mitigation efforts57.

Similarly, although there was an initial reduction in 
the detection of seasonal human coronavirus throughout 
2020, epidemics did occur early in 2021 in the USA as 
all four seasonal human coronavirus species reappeared, 
coinciding with the relaxing of NPIs later in the COVID-19  
pandemic137. Epidemic peaks in early 2021 occurred at 
different time points, differing by geographic region and 
viral species, with most regions experiencing increased 
prevalence of seasonal human coronavirus that contin-
ued throughout early summer137. Data are limited on the 
effects of the COVID-19 pandemic on seasonal human 
coronavirus genomic diversity. One study comparing 
the genomic diversity of seasonal human coronavirus 
infections in homeless shelters before and during the 
COVID-19 pandemic showed similar diversity between 
the two periods138.

Impact of changes in immunity. Changes in immunity 
may also influence the evolution of some viruses. For 
influenza viruses, for instance, population-level immu-
nity is developed from prior infections and vaccina-
tion. With the decline in levels of circulating influenza 
viruses, lower vaccination coverage and antigenic drift, 
defined as small changes in the viral genome associated 
with errors in viral replication, leading to vaccine sub-
type mismatch39,139, waning humoral immunity, as defined 
by lower antibody titres, may make infection more likely, 
leading to more infections, increased viral replication 
and additional opportunities for mutations leading to 
emergence of new variants. It is also possible that in 
locations where influenza vaccination is not widely 
administered, waning immunity from recent infections 
can result in high infection attack rates despite limited 

Antigenic drift
genetic mutations that result  
in changes to key viral antigens 
that allow respiratory viruses  
to escape humoral immunity 
conferred by prior infection  
or vaccination.

Humoral immunity
adaptive immune response  
to generate antibodies 
(antibody-mediated immunity) 
to the key viral epitopes to 
prevent infection or reduce  
the severity of disease.

NATuRE REVIEwS | Microbiology

R e v i e w s



0123456789();: 

influenza virus diversity. Moreover, the strain selection 
process for the influenza vaccine depends on an evalua-
tion of humoral immunity, specifically haemagglutinin 
inhibition antibody titres against the circulating virus 
strains from influenza sentinel surveillance sites in the 
Northern Hemisphere and the Southern Hemisphere. 
Low levels of circulating influenza virus may also create 
challenges for the annual vaccine strain selection pro-
cess because the smaller number of characterized viruses 
identified through surveillance makes it more difficult 
to predict the predominant influenza virus strains for 
the upcoming season for inclusion in the vaccine, with 
unknown effect on influenza vaccine effectiveness.

Impact of travel. International travel, which has facili-
tated the spread of respiratory viruses, may also influ-
ence the evolution of certain viruses. Global circulation 
and seasonal epidemic patterns of influenza virus vary by 
species and type. Influenza A(H3N2) virus continuously 
circulated in a complex network of regional epidemics in 
eastern Asia and Southeast Asia that subsequently facili-
tated the seeding of temperate regions outside this area, 
leading to annual seasonal epidemics140.

By contrast, during the pandemic, influenza 
A(H1N1) virus and influenza B virus experienced rel-
atively slower rates of evolution and were less reliant 
on viral seeding from Asia, with variants continuing to 
circulate across multiple seasons141. It is possible that 
changes in travel behaviour during the COVID-19 pan-
demic may have had differential effects on viral species 

and types. The resumption of global travel is likely to 
facilitate the spread and evolution of influenza viruses 
and other respiratory viruses by enhancing the diversity 
of the viral genetic pool.

The broad application of genomic sequencing 
to study SARS-CoV-2 molecular epidemiology has 
enhanced our understanding of respiratory virus evolu-
tion. Expanded sequencing of non-SARS-CoV-2 viruses 
will be useful to monitor viral diversity and evolution-
ary changes during and after the COVID-19 pandemic, 
and with the introduction of vaccines, antiviral, and 
monoclonal antibodies for prevention and treatment.

Changes in the influenza B/Yamagata virus lineage 
and observations from the influenza A(H1N1)pdm09 
pandemic. One evolutionary change observed during 
the COVID-19 pandemic is the possible extinction  
of the influenza B/Yamagata virus lineage, with no con-
firmed detections from March 2020 onward142. The 
2019–2020 influenza season in the USA was character-
ized by influenza B/Victoria virus predominance, with 
a later predominance of influenza A(H1N1)pdm09 
virus143. During the US 2020–2021 season, low levels of 
influenza-positive test results were reported, with influ-
enza B virus predominating144. Influenza virus activity 
resumed during 2021–2022 but was lower than in most 
seasons before the COVID-19 pandemic.

Interestingly, Nextstrain last reported influenza 
B/Yamagata lineage virus in March 2020 (reF.145). 
Similarly, FluNet, a WHO global influenza virological 
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surveillance tool started in 1997 through the Global 
Influenza Surveillance and Response System, has shown 
a dramatic reduction in influenza B/Yamagata lineage 
virus detections reported, with none confirmed by 
sequencing after March 2020146 (Fig. 2). Ongoing global 
influenza surveillance will determine whether the influ-
enza B/Yamagata virus lineage is no longer circulating 
and whether this viral antigen no longer needs to be 
included in the composition of quadrivalent influenza 
vaccines used worldwide.

Recent influenza pandemics offer few clues as to 
how COVID-19 will affect the circulation of seasonal 
influenza viruses. In 2009, the emergence of the pan-
demic influenza A(H1N1)pdm09 virus was associated 
with a marked decline in seasonal influenza A and influ-
enza B viruses147 and replacement of seasonal influenza 
A(H1N1) virus in subsequent seasons148. Although low 
numbers of circulating seasonal influenza viruses were 
reported while COVID-19 pandemic NPIs were in place, 
the longer-term effects of the COVID-19 pandemic may 
not be apparent until future influenza seasons.

Conclusions
The COVID-19 pandemic has led to unprecedented 
societal and human behaviour changes that have altered 
the community circulation of non-SARS-CoV-2 res-
piratory viruses. Although changes in testing priorities 
and available resources may have influenced the earliest 
reports of non-SARS-CoV-2 respiratory virus activity, 
subsequent studies across multiple geographic locations 
have shown consistent reductions in the activity of most 
respiratory virus species. However, as the COVID-19 
pandemic progressed, there were increasing differences 
in the application of NPIs and community circulation of 
SARS-CoV-2 that led to variability in the return of some 
respiratory viruses. Most notably, influenza virus activity, 
including the clinical burden of disease and paediatric 

mortality, remained low through the 2020–2021 season 
before influenza virus activity increased in 2021–2022. 
While influenza A and influenza B viruses have begun 
circulating more widely, influenza B/Yamagata viruses 
have hardly been detected, and ongoing surveillance 
will inform whether these viruses might be extinct. 
Detections of RSV infections initially remained low, with 
the resurgence of interseasonal circulation in many loca-
tions since 2021. There is also evidence that influenza 
virus diversity and RSV diversity have been reduced as 
a result of the COVID-19 pandemic, but whether these 
changes are maintained requires continued surveillance 
and genomic analyses.

Unlike many of the enveloped viruses, non-enveloped 
viruses, including rhinovirus, demonstrated remark-
able persistence through NPIs, with early evidence 
showing similar species circulation before and during 
the COVID-19 pandemic. In part, the persistence of 
non-enveloped viruses despite NPI implementation may 
be due to prolonged shedding, their greater diversity and 
their persistence on environmental surfaces.

These collective findings and lessons learned during 
the COVID-19 pandemic have important implications 
for pandemic preparedness. Although the changes in cir-
culation of non-SARS-CoV-2 respiratory viruses cannot 
be attributed to any one factor, the near-simultaneous 
implementation of NPIs at individual, community, envi-
ronmental and country levels, in addition to behavioural 
changes, seems to have been an important contributor 
to reducing community circulation, decreasing the asso-
ciated health care burden and blunting the evolution of 
non-SARS-CoV-2 respiratory viruses. As such, these 
collective NPI strategies and global collaboration will 
be important public health considerations for the next 
pandemic.
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