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Summary
Background Respiratory viruses have been previously suspected to trigger invasive pneumococcal disease (IPD). After
progressive non-pharmaceutical interventions (NPI) lifting, an unusual RSV outbreak has been observed in the Fall
2021, raising concerns about the possible consequences on IPD. We aimed to analyse the evolution of IPD incidence
across age-groups since NPI lifting, and its temporal association with respiratory viral infections.

Methods We conducted a time-series analysis using 1) population-based IPD surveillance data and 2) statistics from
the laboratory surveillance network of respiratory viruses in the province of Quebec, Canada, from January 2013 to
January 2022. The monthly IPD incidence was analysed by quasi-Poisson regression models across age-groups. The
fraction of IPD incidence change potentially attributable to different viruses in 2021–2022 was estimated.

Findings A total of 7712 IPD cases were included. After a major decrease in IPD incidence from April 2020, IPD rate
started to increase in <5-year-old children in October 2021, exceeding the pre-NPI trend (+62%). This was temporally
associated with an unusual surge in RSV cases (+53% versus pre-NPI trend). During this 2021–22 surge, the fraction
of IPD attributable to RSV dynamics in children was 77% (95% CI [33–100]). By contrast, the IPD incidence in older
age-groups remained low, and was temporally associated with influenza dynamics.

Interpretation These results provide new evidence on the role of respiratory viruses in driving IPD dynamics, with
possible differences between children and adults. In the coming future, the potential benefit of interventions tar-
geting RSV, such as vaccines, for IPD prevention should be considered.
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Research in context

Evidence before this study
We searched PubMed for articles published in English up to
February 15, 2022, using the terms “Invasive pneumococcal
disease” and “respiratory viruses” or “RSV” or “influenza”.
Several observational studies suggested that respiratory
viruses, including RSV and influenza, may trigger invasive
pneumococcal disease (IPD). This link has been reinforced by
the strong IPD decrease following the quasi disappearance of
respiratory viruses during non-pharmaceutical interventions
(NPI) in 2020, while pneumococcal carriage remained
unchanged. After progressive NPI lifting, respiratory viruses
started to increase, and a major outbreak of RSV has been
observed in the Fall 2021 in several countries, raising
important concerns about the possible consequences on IPD.

Added value of this study
This time-series analysis of a prospective national surveillance
of IPD and a range of respiratory viruses in Quebec from 2013

to 2022 shows a significant increase in IPD incidence in <5-
year-old children since October 2021, temporally associated
with an unusually early major RSV outbreak. The fraction of
IPD increase potentially attributable to RSV in <5-year-old
children was major, while other respiratory viruses accounted
for a minor part of the IPD increase in this age-group. By
contrast, IPD incidence in older age-groups remained low, and
was temporally associated with influenza dynamics.

Implications of all the available evidence
This study shows that an unusual RSV outbreak may drive
important IPD surge in young children. This strong
association provides new evidence of the key role of
respiratory viruses in driving IPD epidemiology, with possible
differences between children and adults. This may inform
further public health interventions targeting respiratory
viruses, such as RSV vaccines, to reduce the burden of IPD
beyond pneumococcal vaccines.
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Background
Despite the use of pneumococcal conjugate vaccines,
invasive pneumococcal disease (IPD) remains a major
cause of morbidity and mortality worldwide especially in
young children and older adults, with more than
300,000 deaths in children aged 1–59 months in 2015.1

Pathogenic mechanisms leading to IPD are complex.
Viral infections, including respiratory syncytial virus (RSV)
and influenza, have been suspected to trigger IPD.2–4 This
hypothesis was mainly based on a similar seasonal
pattern,2–5 and on cohort studies showing an increased risk
of IPD in children previously infected by RSV.6 Since
2020, unprecedented COVID-19-related non-
pharmaceutical interventions (NPIs) led to a marked
decrease in the circulation of most respiratory viruses,
including RSV.7 Concomitantly, a major decrease in IPD
incidence was observed in many countries.8 Unexpectedly,
the pneumococcal carriage rate in children during the
same period remained stable, highlighting the potential
role of respiratory viruses in driving the IPD dynamics.9–11

The reduction of respiratory viruses during the imple-
mentation of stringent COVID-19-related NPIs raised
concerns regarding a possible surge of these viruses
following NPI lifting.12 The immune debt theory causing
surges in the circulation of respiratory viruses has been
supported by simulation studies,13 as well as by recent
reports of major RSV outbreaks in the 2021–2022 winter.14

This observation led to concerns regarding a possible
concomitant surge in IPD rates as a consequence of res-
piratory virus outbreaks,15 which may be confirmed by the
recent IPD epidemiology in Quebec, Canada.

In this context, we aimed to analyse the recent
change in IPD across age groups using an interrupted
time-series approach, and the relationship between
respiratory viruses and IPD dynamics.
Methods
We conducted an interrupted time series analysis based
on a surveillance system covering the entire territory of
Quebec, Canada over nine years.

Study population
The reference population consisted of residents in the
province of Quebec, Canada (8.6 million in 2022). The
study period extended from January 2013, to
January 2022.

Pneumococcal vaccination program
Free vaccination with the 23-valent polysaccharide vaccine
was introduced for persons 65 years of age and over in
2000, and uptake (at least one dose) is 60% with no major
change during the study period.16 The seven-valent pneu-
mococcal conjugate vaccine (PCV7) was offered to all
children less than 5 years of age in December 2004, ac-
cording to a 2 + 1 dose schedule.17 In June 2009, PCV7 was
replaced by PCV10, followed by PCV13 in January 2011,
and by PCV10 in May 2018, during the study period. In
September 2020, a mixed schedule was implemented,
with two doses of PCV10 offered at 2 and 4 months of age,
followed by a booster dose of PCV13 at 12 months of age.
There was no-catch-up program excepted when PCV7 was
implemented in 2004. Vaccination coverage (≥3 doses) in
children remained >90% from PCV implementation and
up to 2019.18

Non-pharmaceutical COVID-19-related
interventions
On March 2020, as in many other countries, NPIs were
implemented to reduce the spread of COVID-19.19

These measures were progressively lifted in 2021.
Details on measures and their timing are provided in
www.thelancet.com Vol 19 March, 2023
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Appendix 1. This led us to define three periods for the
analysis: the “pre-NPI period” (Period 1) from January
2013 to February 2020, the “full-NPI period” (Period 2)
from March 2020 to February 2021, during which
stringent measures were implemented, and the “partial-
NPI period” (Period 3) from March 2021 to the end of
the study period in January 2022, during which control
measures were partially lifted.

IPD surveillance data
IPD is a notifiable condition in Quebec since 1996. All
IPD cases diagnosed by clinicians and laboratories are
mandatorily reported to regional health authorities and,
after a validation of diagnosis and epidemiologic inves-
tigation, recorded in the provincial registry of notifiable
diseases.17 IPD is defined by the isolation of Strepto-
coccus pneumoniae by culture or by a polymerase–chain
reaction test from a normally sterile site. IPD cases
identified from January 1st, 2013 to January 30th, 2022,
were included in the study. In addition, all microbiology
laboratories are invited to transmit all IPD strains and/
or specimens from children <5 years of age to the pro-
vincial reference laboratory (‘Laboratoire de santé pub-
lique du Quebec’) for confirmation and serotyping by the
Quellung reaction or PCR.17 Monthly IPD incidence
rates (per 100,000 persons/month) in <5 years, 5–64
years, and ≥65 years age groups were computed using
denominator figures from the Quebec Statistics Insti-
tute (‘Institut de la Statistique du Québec’).

Respiratory viruses surveillance data
In Quebec, surveillance of respiratory viruses is con-
ducted throughout a network of hospital laboratories
(about 40 laboratories).20 Nasopharyngeal tests from
both hospitalized patients and those seen in emergency
rooms and outpatient clinics are included, regardless of
age. Statistics on the weekly number of tests performed
and positive tests for influenza viruses, parainfluenza
1–4 viruses, adenovirus, respiratory syncytial virus
(RSV), human metapneumovirus and common coro-
naviruses (other than SARS-CoV-2) were obtained from
the Quebec Public Health Laboratory (‘Laboratoire de
santé publique du Québec’) for the period January 2013–
January 2022.

Statistical analyses
First, we described the change in IPD incidence after
NPI implementation in 2020–21 and partial lifting in
2021–2022 in each age-groups in Quebec, along with
evolution of respiratory virus circulation over the same
period. Age-group classification for IPD was defined a
priori based on previously published articles on this
topic.1,17,21

Second, to assess the temporal association between
respiratory viruses and the different age-groups of IPD,
we fit a quasi-Poisson regression model including sea-
sonality by using harmonic terms (sines and cosines
www.thelancet.com Vol 19 March, 2023
with 6- and 12-month periods),22–24 temporal trend
before and after interventions (NPI implementation in
2020–21 and partial lifting in 2021–2022),22,23 and the
monthly number of positive tests for each respiratory
virus as explanatory variables.2,10 The time unit was set at
1 month. According to the literature,5 we hypothesized
that NPI would have an immediate impact on IPD
incidence.25 Therefore, we included dummy variables in
the model estimating the immediate change after the
interventions.22,26 This model also included a dummy
variable to account for the change in the immunization
program during the study period (switch from PCV13 to
PCV10 in May 2018). In case of re-increase of IPD
incidence, to estimate the change in IPD attributable to
each respiratory viruses, we estimated the trend of IPD
if respiratory viruses would have remained stable by
using the same equation and set each respiratory virus
to the pre-NPI trend.10 For each time point of the
2021–22 period, we compared the forecasted IPD inci-
dence with the respiratory viruses remaining un-
changed to the fitted IPD incidence. The attributable
fraction was defined as the respiratory viruses-
attributable incidence of IPD divided by the fitted IPD
incidence in the 2021–22 period.10

Furthermore, we performed several sensitivity ana-
lyses: i) using a segmented linear regression with
autoregressive error, including an autoregressive-
moving-average term to account for any remaining
autocorrelation and an additive model to account for
seasonality; ii) using a quasi-Poisson regression model
including harmonic terms with only 12-month periods;
iii) using the monthly proportion of positive tests for
respiratory viruses over time instead of the monthly
number of positive tests to assess the temporal associ-
ation between IPD and respiratory viruses, to account
for possible changes in testing practices; iv) using only
the pre-NPI period (Period 1) to assess the temporal
association between IPD and respiratory viruses; v)
including respectively 3, 4 or 5 years before NPI to es-
timate the pre-intervention IPD trend, to explore
whether the number of pre-intervention years included
may have influenced the results.

All statistical tests were two sided, with p < 0.05
considered statistically significant. The validity of the
segmented regression model was assessed by visual
inspection of correlograms and residuals analysis. All
statistical analyses were performed using R v4.1.1
(https://www.r-project.org/).

Ethics
The study was conducted under a surveillance and
evaluation mandate given to the Quebec National Public
Health Institute (‘Institut national de santé publique du
Québec’) by the Quebec Ministry of Health and Social
Services (‘Ministère de la Santé et des Services sociaux du
Québec’). For this reason, no authorization from an
ethical research committee nor written informed
3
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consents from patients were required, in accordance
with Quebec laws.

Role of the funding source
The study sponsors had no role in the design or conduct
of the study, collection management, analysis, or inter-
pretation of the data; preparation, review, or approval of
the manuscript; or the decision to submit the manu-
script for publication.

Results
IPD incidence across age groups
Between January 2013 and January 2022, we included
7712 IPD cases, of which 646 were in children <5 years
old, 3493 in 5 to <65 year-old patients, and 3567 in
adults ≥65 years old. Characteristics of IPD cases are
shown in Table 1.

Following full NPI implementation in March 2020, the
incidence of IPD decreased in all age groups (Appendix 2,
Fig. 1A). Following partial NPI lifting (Period 3), a surge of
IPD cases in children <5 years of age starting in October
2021 was observed, which exceeded the pre-NPI baseline
level (+62% during Period 3 versus the expected trend
based on Period 1, Appendix 2, Fig. 1A). By contrast in
older age groups, the IPD incidence remained low, far
from the pre-NPI baseline level (Appendix 2, Fig. 1B and
C). The main serotype involved in Period 3 surge was
serotype 19A representing 25.8% of cases, whereas this
serotype represented only 9.6% of cases during Period 1
(Table 2).

Respiratory viruses evolution and temporal
association with IPD
Following full NPI implementation in March 2020, a
significant decrease of the monthly number of posi-
tive tests for all respiratory viruses was observed
(Fig. 2A–I). Following partial NPI lifting, a major
unusually early RSV outbreak was observed, starting
in July 2021. In Period 3, RSV cases far exceeded the
Period 1
N = 6755

Period
N = 43

Age group

<5 years 514 (7.6%) 47 (1

5 to <65 years 3046 (45.1%) 200 (4

≥65 years 3191 (47.2%) 187 (4

Missing 4 (0.1%) 0 (0

Sex

Male 3630 (53.7%) 232 (5

Female 3116 (46.1%) 201 (4

Missing 9 (0.1%) 1 (0

Variables are described with numbers (percentages). Period 1: Pre-NPI period, from Janu
February 2021: Period 3: NPIs partially lifted, from March 2021 to January 2022. Abbre

Table 1: Characteristics of invasive pneumococcal disease (IPD) in Quebec, Ja
baseline level (+53% versus the expected trend based
on Period 1, Fig. 2, Appendix 3). An outbreak was also
observed for adenovirus and human meta-
pneumovirus, and to a lesser extent parainfluenza 1
and 3 (Fig. 2). By contrast over the same period, a
quasi-absence of influenza epidemics was seen
(Fig. 2). The details of each respiratory virus evolu-
tion, including the monthly number of tests per-
formed are provided Appendix 4.

The multivariate quasi-Poisson model showed that
IPD in the <5-year-old group was temporally associ-
ated with RSV (p = 0.0009), while IPD in ≥65 year-old
group was temporally associated with Influenza and
Parainfluenza 3 (Appendix 5). We also found a similar
temporal association between viruses and IPD when
limiting the analysis to the pre-NPI period (Period 1),
with RSV strongly associated with IPD in children <5
years of age, while influenza was only associated with
IPD in older age-groups (Appendix 6).

Attributable fraction of respiratory viruses in IPD
increase
The multivariate quasi-Poisson model including all
respiratory viruses as explanatory variables found that
the fraction of IPD incidence in children <5 years of age
attributable to RSV was 77% (95% CI [33; 100]) during
the IPD surge in 2021–2022, while the attributable
fraction of other viruses was minor (Table 3). Correlo-
grams and residuals analysis were satisfactory
(Appendix 7). Similar results were found with the
different sensitivity analyses, including analysis where
the monthly proportion of positive respiratory tests
replaced the number of positive tests as explanatory
variables, and a segmented linear regression with
autoregressive error (Appendix 8).

Discussion
This study showed a significant surge of IPD in children
<5 years of age, temporally associated with a major RSV
2
4

Period 3
N = 523

Total
N = 7712

0.8%) 85 (16.3%) 646 (8.4%)

6.1%) 247 (47.2%) 3493 (45.3%)

3.1%) 189 (36.1%) 3567 (46.3%)

.0%) 2 (0.4%) 6 (0.1%)

3.5%) 274 (52.4%) 4136 (53.6%)

6.3%) 244 (46.7%) 3561 (46.2%)

.2%) 5 (1.0%) 15 (0.2%)

ary 2013 to February 2020; Period 2: NPIs fully implemented, from March 2020 to
viation: NPIs: non-pharmaceutical interventions.

nuary 2013–January 2022.
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Fig. 1: Evolution of the monthly incidence of IPD across age groups in Quebec, January 2013–January 2022, N = 7712. A) <5 years. B) 5–64
years. C) ≥65 years. The black line shows the observed monthly incidence of IPD, the red line shows the monthly incidence of IPD
estimated by the model (quasi-Poisson regression modeling), the dotted blue line shows the expected monthly incidence of IPD if no
intervention had occurred (quasi-Poisson regression modeling). Pre-NPI period, PCV13 implemented: from January 2013 to May 2018.
Pre-NPI period, PCV10 implemented: from June 2018 to February 2020. Period 2, NPIs implemented: From March 2020 to February 2021.
Period 3, NPIs partially relaxed: From March 2021 to January 2022. Abbreviations: IPD: invasive pneumococcal disease. NPIs: non-
pharmaceutical interventions.

Articles
outbreak at an unusual moment (early Fall), and with a
potentially attributable fraction of the IPD increase to RSV
dynamics estimated at 77%. The major RSV outbreak
observed in the second part of the year 2021 may be partly
related to the immune debt due to the very low circulation
of this virus during full NPI period.12–14 Unlike respiratory
viruses, other studies have shown that the ecological niche
of S. pneumoniae was almost unchanged during NPI
period, with a stable overall carriage rate.9–11 Thus, no
direct immune debt may be expected from pneumococcal
carriage.9,10 However, this study shows that a major RSV
www.thelancet.com Vol 19 March, 2023
outbreak can be associated with a surge of IPD cases, as a
possible indirect consequence of the respiratory viruses
immune debt.

In this study, the pattern of IPD incidence was
contrasted across age-groups. Our findings suggest that
IPD dynamics in children <5 years were temporally
associated with RSV epidemiology, while IPD trends in
adults ≥65 years were more associated with the influ-
enza dynamics. A differential role of RSV and influenza
on IPD risk according to age has been suggested pre-
viously by Watson et al.,5 who found a positive
5
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Period 1
During PCV13 use
N = 322

Period 1
During PCV10 use
N = 81

Period 2
N = 37

Period 3
N = 66

PCV7 5 (1.6%) 2 (2.5%) 1 (2.7%) 5 (7.6%)

PCV10 non-PCV7 2 (0.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

PCV13 non-PCV10 48 (14.9%) 16 (19.8%) 10 (27.0%) 19 (28.8%)

Serotype 3 16 (5.0%) 5 (6.2%) 4 (10.8%) 2 (3.0%)

Serotype 6A 1 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Serotype 19A 31 (9.6%) 11 (13.6%) 6 (16.2%) 17 (25.8%)

PCV15 non-PCV13 76 (23.6%) 15 (18.5%) 10 (27.0%) 13 (19.7%)

PCV20 non-PCV15 77 (23.9%) 17 (21.0%) 7 (18.9%) 10 (15.2%)

Non-PCV20 114 (35.4%) 31 (38.3%) 9 (24.3%) 18 (27.3%)

Period 1: Pre-NPI period, from January 2013 to February 2020 (PCV13 used from January 2013 to May 2018; PCV10 used from June 2018 to February 2020); Period 2: NPIs
fully implemented, from March 2020 to February 2021: Period 3: NPIs partially lifted, from March 2021 to January 2022. Abbreviations: IPD: invasive pneumococcal disease.
NPCRI: non-pharmaceutical COVID-19-related intervention. aSerotyping was performed for 506/646 (78.3%) IPD cases in children <5 years of age.

Table 2: Evolution of serotypes involved in IPD in children <5 years over time, January 2013–January 2022 (Total = 506 IPD casesa).
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correlation between RSV circulation and IPD in young
children, while influenza was less correlated to IPD in
this age-group.5 In the latter study, a combination of
RSV and influenza circulation was required to explain
the IPD pattern in older adults.5 However, because of
the partial temporal overlap between RSV and influenza
epidemiology, identifying a differential role of RSV and
influenza on IPD across age groups was challenging.5 In
the present study, the unique epidemiological situation
of a major RSV outbreak during a quasi-absence of
influenza circulation allowed a disentanglement of these
associations, and may pave the road for further public
health interventions targeting RSV for young children
and influenza for older adults.

Previous studies have suggested that some serotypes
may be more often associated with RSV to cause dis-
ease, especially less invasive serotypes.27 We could as-
sume that the IPD increase in the fall of 2021 was
related to a serotype-specific association with RSV. The
main serotype involved in the IPD surge was serotype
19A, in a context of a switch from PCV13 to PCV10 few
years before. However, the serotype 19A was not re-
ported to be more often associated with RSV than other
serotypes in other studies.27 Thus, the temporal associ-
ation between RSV and IPD observed in Quebec might
not be serotype-dependent but only opportunistic.
Investigating the genotype of the serotype 19A may also
help better understanding its recent increase in IPD.

Our study has several limitations. First, as in any
observational study, a definitive causal relationship be-
tween respiratory virus epidemiology and IPD dynamics
cannot be established. However, the observation of an
RSV outbreak occurring at an unusual moment, without
any influenza circulation, and directly followed an IPD
surge in children <5 years strengthens the link between
RSV and IPD dynamics in young children. Population-
based surveillance data from other countries are
needed to confirm these findings. Second, pneumo-
coccal carriage was not assessed in the study population,
and age-specific changes in pneumococcal carriage
cannot be ruled out. Further carriage studies are
required during IPD surge to better understand the
complex relationship between carriage and IPD. Third,
to estimate the potentially attributable fraction of IPD
increase related to respiratory viruses, we included a
limited number of respiratory viruses as explanatory
variables. Other pathogens not included in our model,
such as rhinovirus or enterovirus may have also played a
role, along with unmeasured environmental factors.
Fourth, the surveillance of respiratory viruses in Quebec
is far from perfect and no age-specific statistics could be
obtained. Furthermore, respiratory viruses other than
influenza and RSV may be more frequently tested
young children than in adults, and our data may reflect
virus circulation in children rather than in older age
groups. This work is only based on data from Quebec in
a specific time frame, and cautions should be taken
when extrapolating these findings to other settings or
other periods. Finally, the application of NPIs and the
intensity of social contacts varied over time and by age-
groups in Quebec.28 Thus, a more important application
of NPIs in Period 3 in older adults probably played a role
in the low IPD incidence in this age-group in Period 3,
and may have influenced the temporal association be-
tween influenza and IPD in older adults. However,
when restricting the analysis to the pre-NPI period, we
found very similar results, with a significant temporal
association between RSV and IPD only for children <5
years of age, while a significant temporal association
between influenza and IPD was only found for older
age-groups. Further studies are required to better
explore the role of the different NPIs, and the evolution
of intergenerational contacts in the current IPD
epidemiology.
www.thelancet.com Vol 19 March, 2023
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Fig. 2: Evolution of the monthly number of positive tests for respiratory viruses over time, in Quebec, January 2013–January 2022. A)
RSV. B) Influenza. C) Parainfluenza 1. D) Parainfluenza 2. E) Parainfluenza 3. F) Parainfluenza 4. G) Adenovirus. H) Human metapneumovirus. I)
Common coronavirus (non-SARS-CoV-2). The black line shows the observed monthly incidence of IPD, the red line shows the monthly incidence
of IPD estimated by the model (quasi-Poisson regression modeling), the dotted blue line shows the expected monthly incidence of IPD if no
intervention had occurred (quasi-Poisson regression modeling). Pre-NPI period, PCV13 implemented: from January 2013 to May 2018. Pre-NPI
period, PCV10 implemented: from June 2018 to February 2020. Period 2, NPIs implemented: From March 2020 to February 2021. Period 3, NPIs
partially relaxed: From March 2021 to January 2022. Abbreviations: IPD: invasive pneumococcal disease. NPIs: non-pharmaceutical interventions.

Articles
Conclusion
After an overall decrease in IPD rate starting in April
2020, a marked increase was observed in children <5
years of age in the Fall 2021, following an RSV outbreak.
The analysis showed that IPD incidence in children was
temporally associated with RSV dynamics. By contrast,
IPD incidence in older age-groups remained low, and
was associated with influenza dynamics. This unique
epidemiological situation, with an RSV outbreak in an
www.thelancet.com Vol 19 March, 2023
unusual moment, without any influenza circulation,
and directly followed an IPD surge in young children <5
years, strengthened the link between RSV and IPD dy-
namics in young children. These findings provide new
insights in the role of respiratory viruses in driving IPD
dynamics, with possible differences between children
and adults. In the future, the potential benefit of in-
terventions targeting RSV, such as vaccines, for IPD
prevention should be considered.
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Period 3

RSV 77.2% [33.1; 100]

Influenza 1.5% [−29.3; 32.2]

Parainfluenza 1 2.5% [−1.1; 6.2]

Parainfluenza 2 5.5% [−28.1; +39.2]

Parainfluenza 3 2.0% [−3.3; 7.3]

Parainfluenza 4 −4.1% [−12.1; 3.9]

Adenovirus 6.9% [−30.3; +44.1]

Human metapneumovirus 11.5% [−9.2; 32.2]

Common coronaviruses (non-SARS-CoV-2) −8.3 [−14.2; −2.4]

Period 3: NPIs partially lifted, from March 2021 to January 2022. Attributable
fraction obtained by multivariate quasi-Poisson regression including all
respiratory viruses as explanatory variables. Abbreviation: NPIs: non-
pharmaceutical interventions.

Table 3: Fraction of IPD increase in children <5 years in 2021–22 period
attributable to respiratory viruses.
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