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We initiated a nationwide prospective study to monitor
respiratory  syncytial  virus = (RSV)-related  pediatric
hospitalizations in 46 hospitals throughout the Netherlands
between May 2021 and August 2022. We showed year-round
RSV transmission in the Netherlands after an initial 2021
summer outbreak. The pattern was unprecedented and
distinct from neighboring countries. We extended a dynamic
simulation model to evaluate the impact of waning immunity
on pediatric RSV hospitalizations in the Netherlands using 4
different scenarios. Our results suggest that the observed
continuous RSV transmission pattern could be associated
with waning immunity due to the period of very low RSV
circulation during the COVID-19 pandemic.
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Before the coronavirus disease 2019 (COVID-19) pandemic,
respiratory syncytial virus (RSV) epidemics occurred annually
during winter in temperate climates (Supplementary Figure 1).
During winter 2020-2021, RSV was virtually absent following
the implementation of COVID-19-related nonpharmaceutical
interventions (NPIs) [1, 2]. After NPIs were relaxed, various
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patterns of reemergent RSV epidemics were observed in different
countries. Several studies suggested that school reopening is asso-
ciated with increased RSV activity [1, 3]. However, little attention
has been paid to the impact of increased RSV susceptibility in chil-
dren and adults due to low RSV exposure during the pandemic
(“immunity debt”) on the patterns of resurgence [4].

Using a combination of prospective surveillance data from
the Netherlands and simulation models, this study aimed to
(1) describe the unusual endemic pattern of RSV between
May 2021 and August 2022 and (2) illustrate the impact of wan-
ing population immunity on the timing, intensity, and persis-
tence of the reemergent RSV epidemic. This study provides
an opportunity to advance our understanding of the drivers
of reemergent RSV epidemics.

METHODS

Study Design

We initiated a prospective nationwide surveillance study
(Surveillance of Pediatric REspiratory Admissions in Dutch
hospitals [SPREAD]) in which real-time data are collected on
RSV-related pediatric hospitalizations in 46 hospitals through-
out the Netherlands (Supplementary Table 1). In 10 hospitals
with standard-of-care RSV testing, clinical patient data are col-
lected (Supplementary Figure 2). For this article, we collected
data from 3 May 2021 (week 18) until 4 September 2022
(week 35). Age-stratified data were collected from October
2018 until August 2022. The study population included all chil-
dren aged <2 years who were hospitalized with RSV bronchio-
litis in participating hospitals.

Collaborators of participating hospitals were requested to
share data on a weekly basis. Follow-up and data verification
were performed by the study team to ensure data quality.
Data were entered into the Castor Electronic Data Capture sys-
tem [5]. We analyzed potential differences in the age distribu-
tion of patients during the following periods: pre-COVID-19
(2018-2019 and 2019-2020 winter seasons [October-April]),
COVID-19 summer outbreak (May-August 2021), and
COVID-19 endemic phase (September 2021-August 2022).
Retrospective pre-COVID-19 data were collected using diagno-
sis treatment combination (DBC) codes (3210: RSV bronchioli-
tis; 3208: lower respiratory tract infection; 3104: upper
respiratory tract infection). RSV-positive admissions were man-
ually confirmed using patient files. We used the Mann-Whitney
U test to determine statistically significant differences (defined
as P <.05) between subgroups. Analyses were performed with
SPSS version 26.0 software (IBM, Armonk, New York). The
Medical Research Ethics Committee of Utrecht University
Medical Center waived ethical approval for this study.
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Evaluating Different Hypotheses Using Simulation Models

We modified our previously published age-stratified RSV
transmission model that accounts for population dynamics,
RSV seasonality, and virus importation from external sources
to account for waning immunity (Supplementary Text I,
Supplementary Figure 3, and Supplementary Table 2) [6].
Our previous model assumed that individuals gain partial im-
munity following infection, which reduces their susceptibility
to subsequent infections. By adding waning immunity, we as-
sumed that individuals can become susceptible to infection af-
ter a long period of low virus exposure.

Several factors could explain differences in the timing and
intensity of RSV epidemics before the COVID-19 pandemic
and after relaxation of COVID-19 restrictions, including length
and strength of NPIs, RSV importation from external sources,
increased birth rate in the Netherlands during COVID-19, and
waning population immunity against RSV due to absent RSV
circulation. We simulated RSV transmission from July 2018
to June 2025 to evaluate the various factors’ impact on the pro-
jected trajectories of RSV hospitalizations and qualitatively
compared these to the observed reemergent RSV epidemic in
the Netherlands. The 4 scenarios that we evaluated were (1)
moderate level of NPIs and low level of virus importation,
with no waning immunity; (2) moderate level of NPIs and
low level of virus importation, with waning immunity; (3)
moderate level of NPIs and high level of virus importation,
with waning immunity; and (4) strict NPIs but high level of vi-
rus importation, with waning immunity (Supplementary
Table 3). We developed a free-to-use web-based Shiny app to
allow researchers to simulate reemergent RSV under the impact

of various factors. We provide an interactive example at https://
3wxpl3-zhe-zheng.shinyapps.io/shiny/. Data and code to re-
produce this study are available from GitHub (https:/github.
com/weinbergerlab/SPREAD. git).

RESULTS

RSV-Related Pediatric Hospitalizations

Starting from 24 May 2021 (week 21), a summer outbreak of
RSV was observed. During the peak week (19 July 2021, week
29), 240 patients were admitted with RSV bronchiolitis.
Subsequently, continuous RSV transmission was observed,
with RSV-related admissions stabilizing at approximately 50
patients weekly (Figure 1).

Older Patients During and After the 2021 Summer Qutbhreak

We obtained age-stratified data for 1269 patients aged <2 years
admitted with RSV infection for 2018-2022 in 10 hospitals
(Supplementary Figure 4). The proportion of patients aged
<6 months was higher during the pre-COVID-19 winter sea-
sons. The median age during pre-COVID-19 winter seasons
2018-2019 and 2019-2020 was 69 days (interquartile range
[IQR], 34-175 days). During the summer outbreak, the median
age increased to 161 days (IQR, 55-364 days) (P <.001).
During the endemic phase (September 2021-August 2022),
median age decreased again to 132 days (IQR, 54-253 days)
but was still higher than during pre-COVID-19 winter seasons
(P <.001; Supplementary Table 4). As a sensitivity analysis, we
excluded patients from the only academic hospital (University
Medical Center Utrecht), which contributed a large number of
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Figure 1.
Gray-shaded areas indicate period of school closures.

Weekly number of children aged <2 years admitted with respiratory syncytial virus (RSV) infection in the Netherlands between May 2021 and August 2022.
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Figure 2. The simulated number of monthly respiratory syncytial virus (RSV) hospitalizations in children <2 years of age under 4 scenarios, 2018—2025. The projected RSV
hospitalizations under 4 scenarios after the interruption of coronavirus disease 2019 (COVID-19)-related measures over time are plotted for July 2018 to June 2025. Scenario
2 corresponds to the simulated number of monthly RSV hospitalizations in children <2 years of age in the Netherlands. The green line corresponds to the total RSV hos-
pitalizations in children <2 years of age; the orange line corresponds to RSV hospitalizations in infants <6 months of age; the purple line corresponds to RSV hospitalizations
in children 1—<2 years of age. The shaded area corresponds to the period of the Surveillance of Pediatric Respiratory Admissions in Dutch Hospitals (SPREAD) study, May
2021-August 2022. A, Scenario 1: moderate level of nonpharmaceutical interventions (NPIs) and low level of virus importation, with no waning immunity. B, Scenario 2:
moderate level of NPIs and low level of virus importation, with waning immunity. C, Scenario 3: moderate level of NPIs and high level of virus importation, with waning
immunity. In previous scenarios, we assumed that COVID-19-related public health measures started in April 2020 and gradually relaxed since March 2021 over a 3-month
period [7]. D, Scenario 4: strict NPIs but high level of virus importation, with waning immunity. Scenario 4 is similar to the observation in France and Germany with a few
parameter adjustments. We assumed that COVID-19—related public health measures started at the end of March 2020 and gradually relaxed since the end of June 2021 over
a 3-month period and that virus importation is 30 per 1 million travelers per month [7].
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patients (20% pre-COVID-19 vs 8% during the summer out-
break and 8.5% during the endemic phase). Differences be-
tween groups remained unchanged (Supplementary Table 5).

Association of Waning Population Immunity With RSV Epidemic Timing
A model that assumed moderate NPIs, low virus importation,
and waning population immunity against RSV due to low
RSV circulation (scenario 2) most closely resembled the
Dutch situation: a large summer outbreak followed by contin-
uous RSV transmission (Figure 2B). Under this scenario, the
proportion of RSV hospitalizations in children aged 1-<2 years
was expected to be higher during the summer outbreak than
during a typical winter season. This proportion decreased
over time during the following “endemic” phase. Alternative
scenarios that assumed no waning RSV immunity failed to gen-
erate a summer outbreak in 2021 that was more intense than
previous winter epidemics (Figure 2A). A model that assumed
strict NPIs, high level of virus importation, and waning immu-
nity after a prolonged period of low viral exposure (scenario 4)
most closely resembled RSV activity in Germany and France:
RSV activity returned to that of normal winter epidemics after
a small outbreak in spring 2021 (Figure 2D).

DISCUSSION

The Netherlands exhibited a unique pattern of RSV reemer-
gence during the COVID-19 pandemic characterized by a
high summer peak in 2021 followed by a prolonged period of
continuous transmission at mid- to high-level RSV activity.
Our model simulations confirm that population “immunity
debt” can explain the large RSV summer outbreak and the fol-
lowing “endemic phase” (Supplementary Figure 5) [4, 8-10].
Additionally, NPIs were gradually reimplemented between
mid-November 2021 and the end of January 2022. This, com-
bined with school holidays in December and mid-February,
may also have contributed to a stagnation of RSV activity.

The year-round continuous RSV transmission pattern is dis-
tinctive not only from prepandemic winter epidemics in the
Netherlands but also from neighboring countries such as
Germany and France. These 2 countries returned to a winter
epidemic in 2021 with low RSV activity during the summer
of 2022. NPIs strictness and virus importation from external
sources could explain these observed variations in RSV season-
ality as these factors shape the level of population immunity
debt [6, 10]. Furthermore, differences in surveillance and re-
porting strategies may explain the observed difference.

Our results suggest that although a shift in RSV seasonality
may occur after implementation and subsequent relaxation of
NPIs, RSV activity will most likely return to normal epidemic
timing because herd immunity against RSV infection will re-
turn to prepandemic levels after 2 seasons of RSV exposure.
To date, our model projection is aligned with the national

RSV activity report from the Dutch National Institute for
Public Health and the Environment [11].

Our study has several limitations. First, since not all partici-
pating hospitals used standard RSV testing, we may have
underestimated RSV -related hospitalization rates. Some hospi-
tals only used standard testing during the summer outbreak,
which may have led to the underestimation of hospitalizations
after the outbreak. Second, data collection was not standardized
for each hospital. Although most hospitals shared prospective
data collected at the clinical ward, some used RSV-specific
DBC codes or virology results that were manually checked to
match the inclusion criteria. Third, we received consistent
data from 34 of 46 hospitals for the entire study period; this
may have led to underestimation of hospitalization rates.
Fourth, our model was not calibrated to the observed hospital-
ization data in the Netherlands due to the short observational
period. Instead, we simulated RSV epidemics using parameters
from previous RSV models in the United States based on Dutch
demographics. Although our simulations may not perfectly re-
semble the reemergent RSV epidemics in the Netherlands, the
flexible parameter ranges in our web-based app provide an op-
portunity for researchers from other countries to simulate ree-
mergent epidemics based on their local demographic and
epidemiological characteristics. Finally, as no real-time RSV
hospital surveillance system existed before the start of this
study, we were not able to compare our data to data from pre-
vious seasons.

In summary, we describe a distinct pattern of ongoing RSV
transmission following an out-of-season RSV outbreak in the
Netherlands after relaxation of COVID-19-related NPIs. The
pattern is different from neighboring countries and may be
partly explained by “immunity debt”—that is, waning popula-
tion immunity after a long period of low RSV exposure.
Continuous monitoring of RSV seasonality using hospital-
based data is essential to anticipate future RSV epidemics.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by the
authors to benefit the reader, the posted materials are not copy-
edited and are the sole responsibility of the authors, so ques-
tions or comments should be addressed to the corresponding
author.
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