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n the initial months of the coronavirus disease 2019
(COVID-19) pandemic because of the lack of effective
treatments and unavailability of a vaccine, governments

worldwide developed a variety of safety measures to control
the spread of virus among their populations. Heterogeneous
strategies variously implemented during the first year of the
pandemic were often maintained after COVID-19 vaccines
were made available.1,2

Public health and social measures of containment, and
nonpharmaceutical interventions (NPIs) that were devel-
oped and enforced at local level worldwide proved to be effec-
tive in limiting the spread of the disease and reducing the
number of deaths.3 Safety measures adopted to minimize
possible viral contamination included frequent hand
washing, wearing facemasks, and social distancing policies
taken on by communities to limit the spread of a disease.
To further reduce person to person transmission of the virus,
most countries have introduced a combination of school and
workplace closures; public event cancellations, restrictions
on public gatherings, closures of public transport, and stay-
at-home orders.4

The implementation of strict public health NPIs targeting
COVID-19 has been credited for a reduction of many viral
and bacterial infectious diseases in children.5,6 For instance,
global rates of respiratory syncytial virus (RSV), the most
common cause of admission to hospital for infants in high-
income countries, accounting for 60%-80% of bronchiolitis
hospitalizations, have been significantly low since early
2020.6,7

However, the substantial decrease of protective immunity
because of the extended period of low exposure to pathogens
seems to have left a large part of the pediatric population sus-
ceptible to infections.6 For instance, the interseasonal circula-
tion of RSV has been reported in different areas, including
Australia during late 2020, South Africa in early 2021, south-
ern US in June 2021, and in Europe after summer 2021.8

This commentary, authored by the working group on so-
cial pediatrics of the European Pediatric Association/Union
of National European Pediatric Societies and Associations,
briefly discusses the insurgence of infectious diseases because
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of the immune debt associated to the public health NPIs es-
tablished to control the COVID-19 pandemic. Our aim is to
raise awareness of pediatricians and public health authorities
on the importance vaccination programs in children to
contrast the immune debt associated to the pandemic.6,9

Effect of COVID-19 NPIs on Pediatric
Infectious Diseases

Since the beginning of the COVID-19 pandemic, children
and adolescents have shown low rates of infection, as well
as relatively low rates of severe or critical forms of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2).10,11 NPIs have limited the spread of COVID-19 in Eu-
rope.6,12 NPIs imposed to reduce the SARS-CoV-2 spread
are also credited for the decrease of viral and bacterial infec-
tions observed, particularly in pediatric population5 (Figure;
available at www.jpeds.com).
Studies performed in the European Union have shown that

lockdown measures have led to a rapid decline in the infec-
tious respiratory diseases, specifically, a sharper decrease in
influenza and RSV infections in 2020 and 2021, compared
with previous years.12 However, the implementation of
NPIs among the various European countries was different
with a negative correlation between the severity of the NPI
imposed and the decline of the infectious diseases. For
instance, the decline of influenza and RSV was stronger in
Italy, compared with other European countries such as Swe-
den and Germany, where the NPIs were less stringent and the
population less compliant.12 The efficacy of the measures es-
tablished to control of COVID-19 transmission is a consoli-
dated evidence,13 and their effectiveness is also recognized as
a key factor in containing the spread of other respiratory in-
fectious diseases.3 However, the long-term impact of an
extensive adoption of useful NPI safety measures is currently
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unknown.6 In particular, it is unclear whether and to what
extent infectious diseases that significantly declined during
the pandemic will re-emerge after COVID-19 mitigation
measures are lifted. Data on increasing numbers of RSV cases
after the summer 2021 seems to suggest an imminent risk for
children’s health.6

Immunity Debt following Extended Periods of
COVID-19 Mitigation Measures

Because of the NPIs enforced during the pandemic, children
have experienced extended periods of low exposure to path-
ogens.7,14 Immune memory is a defining feature of the ac-
quired immune system.15 Concerns have been raised about
the lack of exposure to common infections and the possibility
that prolonged periods of reduced contacts with pathogens
may reduce protective immunity6,7,16 and influence the
development of adaptive immunity against infectious
agents.6,16,17 Activation of the innate immune system can
also result in enhanced responsiveness to triggers.15 In the
absence of exposure to seasonal infectious diseases, immu-
nity may decrease while the susceptibility to infections in-
creases.6 Therefore, the immunity debt caused by the NPIs
adopted during the pandemic (Figure) could expose
children to a greater potential for an increase in outbreaks
and possible epidemics because of new or re-emerging
infectious agents.6,7

Unusual Surge of RSV Infections in Children
Amid the Ongoing Pandemic

A significant decline in infection rates was reported for pneu-
mococcal diseases,18,19 Neisseria meningitidis infections,19,20

pertussis,21,22 varicella,21,23 measles,21 enterovirus infec-
tions,23 influenza,5,23-25 and RSV infections.5,24,26-28

In Australia, RSV infections29 began to increase during the
spring months and peaked in late September 2021 with the
number of cases significantly greater than in previous
years.24,25 In Japan, a significant outbreak of RSV infections
was reported starting in spring 2021,30 while in the US,
RSV started to rise in some areas of the southern states before
summer 2021.30,31 In Texas, where the trend began at the end
of June, nearly one-half of pediatric patients hospitalized
in local hospitals in August 2021 were diagnosed with
RSV.32,33 In Europe, respiratory infections in young children
have begun to rise in England following low infection rates in
response to COVID-19 restrictions and positivity of samples
tested for RSV rapidly increased over 5 consecutive weeks by
the end of July 2021, well before the typical winter season.34 In
France, a delayed bronchiolitis epidemic driven by RSV was
reported in March 2021.27 In autumn 2021, epidemiology in-
dicators showed an earlier and more rapid onset of bronchio-
litis virus circulation compared to previous years.34-36

Israel has experienced a large outbreak of RSV bronchioli-
tis during the summer of 2021 following the decline of the
COVID-19 third wave and the lifting of NPI. This outbreak
resulted in a significant increase of hospitalizations and over-
loaded pediatric wards and pediatric intensive care units
throughout the country.37 In response to the RSV outbreak,
the Israeli Ministry of Health recommended routine prophy-
laxis programs from the month of November.38 In Italy, the
Italian Society of Pediatrics reports that RSV infection rose
earlier than the usual peak observed in December-
January.39,40 In some areas of Southern Italy, in October
2021 there was a 30% increase of RSV cases compared to pre-
vious years39 and similar data are reported from the Northern
regions, where in Veneto, in the month of October 2021
alone, the hospitalizations related to RSV were one-half
of those recorded throughout the entire 2020-2021 winter
season.39

Conclusions

COVID-19mitigationmeasures led to shifts in typical annual
respiratory virus patterns.6 It is unclear whether this global
trend will continue and how co-infection of RSV and other
respiratory viruses with SARS-CoV-2 will affect disease
severity in children during the winter season. Appropriate
monitoring of the ongoing RSV epidemic and adequate in-
terventional measures41,42 should be continued and regular
vaccination programs for infectious diseases maintained to
protect children against respiratory viruses and other in-
fectious agents and to prevent community transmission of
diseases.32,43 n
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POSSIBLE EFFECTS OF THE IMMUNITY DEBT ON INFECTION RATES IN SUBJECTS ADOPTING NON-
PHARMACEUTICAL INTERVENTIONS (NPI) DURING THE COVID-19 PANDEMIC

Refund of immunity debt without interest: no increased rates of infection compared to the pre-pandemic period
Refund of immunity debt with interest: unusual increased rates of infection compared to the pre-pandemic period
Cancellation of immunity debt: no effects on the innate and adaptive immune system

Figure. Immunity debt in children following the adoption of COVID-19 NPIs.
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