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Abstract

Purpose Given reduced immunity levels for seasonally occurring respiratory infections and the experience of an unusu-
ally early, severe wave of RSV infections during 2021, a preexisting clinician-led reporting system (CLRS) was updated to
prospectively monitor the anticipated high burden of respiratory infections (ARI) in German pediatric hospitals during fall/
winter 2022-2023.

Methods From September 13, 2022 through March 31, 2023, children hospitalized with ARI as a primary diagnosis were
monitored via a national CLRS established by the German Society for Pediatric Infectious Diseases (DGPI). Once a week, the
CLRS collected overall number of new hospital admissions, ARI-related admissions according to pathogen (SARS-CoV-2,
RSV, influenza, and other), plus number of patients admitted to ICU with ARI as a primary diagnosis.

Results With a high participation among children's hospitals across Germany (22.8%), 76 centers submitted 1,053 survey
reports. ARI-related hospital admissions showed a steep rise starting in late September 2022 and reached their highpoint in
early December 2022 (50.1% of all admissions). In parallel, the average number of newly admitted patients (aNA) with RSV
(3.6) peaked, as did those with influenza (2.1) one week later. The average highpoint of ARI patients on ICU (alCU) (2.9)
was reached shortly thereafter. Again, RSV (1.6) und influenza (1.2) were predominant pathogens.

Conclusion In fall/winter 20222023, German hospitals reported a sharp increase in patients with ARIs. While RSV and
influenza represented the greatest proportion of ARI, SARS-CoV-2 played a less significant role. Systematic, dynamic col-
lection of ARI data is critical for assessing real burdens on the health care system.

Keywords Acute respiratory infection - RSV - Influenza - SARS-CoV-2 - Children - Hospitalization

Abbreviations DGPI German Society for Pediatric Infectious
alCU Average number of patients on ICU who Diseases

had an ARI as their main diagnosis, per ICU Intensive care unit

reporting hospital per day REDCap Research Electronic Data Capture
aNA Average number of newly admitted RKI Robert Koch-Institute

patients per reporting hospital per day RSV Respiratory Syncytial Virus
ARI Acute respiratory infection SARS-CoV-2 Severe Acute Respiratory Syndrome
CLRS Clinician-led reporting system Coronavirus 2
COVID-19 Coronavirus Disease 2019
CPAP Continuous positive airway pressure
DGKJ German Society of Pediatrics Introduction

As aresult of the COVID-19 pandemic-related implementa-
tion of non-pharmaceutical public health measures, such as
masking and quarantining, infections with non-SARS-CoV-
Extended author information available on the last page of the article 2-related acute respiratory pathogens became less frequent

The members of the DGPI Ad hoc-ARI-register working group are
mentioned in the Acknowledgements section.
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during the first year of the pandemic (2020) versus pre-pan-
demic years [1]. This decline in acute respiratory infections
(ARI) led to immunity gaps for other respiratory viruses
[2], a development that ultimately resulted in an early and
particularly severe RSV season for the pediatric population
during fall/winter 2021-2022 [3]. The RSV burden during
the fall/winter 2021-2022 season in Germany was captured
by a clinician-led reporting system (CLRS) established by
the German Society for Pediatric Infectious Diseases (DGPI)
[3, 4]. This same system also was used to collect data on
disease burdens during the Omicron wave in Germany in
early 2022 [5, 6]. In order to assess the impact of different
respiratory viruses on disease burden and hospitalizations
in the pediatric population following the cessation of SARS-
CoV-2-related public health measures in 2022, the DGPI
expanded the CLRS’s scope in order to capture hospital
admissions due not just to RSV and SARS-CoV-2, but also
to other pathogens causing ARI among children and adoles-
cents at German pediatric hospitals during the 2022-2023
season. Thus, rather than recording each individual, positive
test result as was done in the initial CLRS, the modified
CLRS emphasized patients' main admission diagnoses. This
change in the CLRS's primary objective allowed mapping
the real burden of hospitalization for ARI, thereby minimiz-
ing the impact of incidentally positive test results.

Materials and methods

The updated version of the CLRS, launched on Septem-
ber 13, 2022 and active through March 31, 2023, shifted
focus so as to capture data on a weekly basis, with Tuesdays
selected as a regular reference reporting day. Data now col-
lected included:

(1) overall number of hospital admissions, regardless of
admission diagnoses;

(2) number of hospital admissions where ARI were
recorded as the primary reason for admission;

(3) number of patients receiving intensive care treatment
who also had ARI as a primary diagnosis;

(4) number of distinctly-detected respiratory pathogens
having led to hospital admission and/or intensive care
treatment (ICU); and

(5) patient age (according to age group) for each pathogen.

With regard to ARI, the main pathogens specifically
tracked by the CLRS included: SARS-CoV-2, RSV, and
influenza. Survey participants additionally had the option
of choosing "other confirmed respiratory pathogen". In
cases where pathogen detection was pending or missing,
the survey allowed participants to select "unknown patho-
gen". For ICU patients, the survey collected additional
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data how many of these patients were in need of respira-
tory support (invasive vs. non-invasive) and how many
patients had significant comorbidities. No data were
collected regarding type and severity of the existing
comorbidities.

The CLRS additionally requested reporting of coinfec-
tions. CLRS guidelines for survey participants stated the fol-
lowing reporting procedures: When calculating total number
of patients (new admissions or admissions on ICU), patients
with coinfections only were to be counted once. If coinfec-
tions occurred within the group of patients being reported
on a specific day, the number of patients infected with more
than one pathogen should be recorded. As a follow-up to the
later, in the pathogen-specific part of the survey, the survey
requested that coinfections be documented separately in con-
nection with each of the relevant pathogens detected. E.g., a
two-year-old patient with a RSV and SARS-CoV-2 coinfec-
tion should be as just one hospital admission, but then in the
part of the survey where RSV and SARS-CoV-2-specific
data were being captured, this patient would be counted as
both a RSV case and a SARS-CoV-2 case. Each pathogen
group was considered as an individual group. Unfortunately,
it is not possible for us to retrospectively match which patho-
gens occurred together as coinfections.

Age groups were defined as: newborns (0-3 months of
life), infants (4—11 months), toddlers (1-2 years), preschool-
aged children (3—4 years), school-aged children (5-11 years),
adolescents (1218 years), and young adults (> 19 years).

As with the initial version of the CLRS launched in 2021,
the updated CLRS (launched in 2022) was promoted via the
websites of the DGPI and the German Society of Pediatrics
(DGKYJ), as well as additionally announced in a newsletter
sent to all German pediatric hospitals who regularly, vol-
untarily submit anonymized data on hospital admissions
of children and adolescents. Data collected through the
CLRS also were publicly accessible via the DGPI website
[7]. Study data were collected and managed using REDCap
(Research Electronic Data Capture) software, hosted at the
Technical University Dresden, Germany [8, 9]. Analyses
were performed using Microsoft Excel v.2010. Graphics
were created using Datawrapper software (datawrapper.de).

Our descriptive statistics are presented as absolute fre-
quencies with percentages for categorical variables. Average
case numbers were calculated based upon cases reported
per reporting hospital per day. They were then additionally
coded as average numbers of newly admitted patients per
reporting hospital per day (aNA) and as average numbers of
ICU patients who had ARI as a main diagnosis per reporting
hospital per day (alCU), respectively. When calculating the
alCU, only hospitals with an in-house ICU were included.

Prior to initiation, the survey was reviewed and approved
by the Ethics Committee of the Technical University
Dresden.
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Results

Dynamic proportions of different respiratory
pathogens over time

The CLRS obtained representation from all German fed-
eral states and included both small and large hospitals
from primary to tertiary care. Over the full time frame of
the survey, 1,053 reports from 76 children's hospitals were
submitted—a participation rate equivalent to 22.8% of all
German children's hospitals. At the peak of survey partici-
pation (December 13, 2022), 53 of 334 German pediatric
hospitals (15.9%) submitted reports. Lowest participation
rates were in the beginning and at the end of the survey
(September 13, 2022 and March 28, 2023), with 21 (6.3%)
and 23 (6.9%) hospitals participating. Calculated over the
whole study period, the median number of reporting hos-
pitals was 37 (10.9%).

In total, 3245 newly admitted patients and 763 ICU
patients with ARI as their main diagnosis were reported
to the CLRS (Table 1).

An average of 372 patients per reference day (Tuesdays)
were hospitalized, with a peak of 580 absolute cases per
day occurring on December 13, 2022. Given the vary-
ing rates of survey participation over time, average cases
per reporting hospital per reference day were calculated
in order to improve comparability. Figure 1A shows the
relations and dynamics of each pathogen group leading to
hospital admissions and their proportions in comparison
to the average number of all hospitalizations regardless of
admission diagnosis.

At 50% of total admissions (5.7 out of 11.3 aNA), ARI
admissions reached their peak on December 6, 2022.
Shortly after this, the proportion of ARI and aNA began
decreasing, with just 24.9% (2.2 aNA) being recorded on
January 3, 2023. After this point, the proportion of ARI
admissions remained < 25%, while the aNA varied from
1.7 t0 2.9. The peak in reported RSV and Influenza cases,
(3.6 RSV aNA on December 6, 2022, and 2.1 influenza
aNA on December 13, 2022), coincided with the peak in
reported ARI admissions.

A median of 0.8 patients (range 0.2-2.9 aICU) received
ICU treatment in connection with an ARI as a primary
diagnosis (Fig. 1B). Two weeks after the aNA apex
(December 20, 2022), the average number of ARI cases
on ICU peaked at 2.9 aICU, with RSV (1.6 aICU) and
influenza cases (1.2 alCU) reaching their highest point.
With a median of 0.5 aNA (range 0.2—1.1) and 0.1 alCU
(range 0.0-0.2), SARS-CoV-2 played only a minor role in
comparison to other respiratory pathogens (Fig. 1).

Commonly reported pathogens included Rhino-
virus, Enterovirus, Bocavirus, Adenovirus, human

Metapneumovirus, and Parainfluenza virus, as well as
bacterial pathogens, such as S. pneumoniae, S. pyogenes,
H. influenzae, S. aureus, Pseudomonas aeruginosa and
Klebsiella pneumonia. A full itemization of all respiratory
pathogens unfortunately cannot be provided due to limita-
tions of the study design. Coinfections occurred in 12.4%
among newly admitted patients (n= 112 of all reports) and
in 24.3% of ICU patients (n =93 of all reports). Unknown
pathogens, (e.g., cases with pathogen detection pending
or not performed), were present in 39% (n=1145) of all
newly admitted patients, despite the fact that ARI had been
listed as their primary diagnosis upon hospital admission.

Age groups

Table 1 and Fig. 2 display the distribution of different patho-
gens according to patient age group. A preponderance of
newly admitted patients with RSV and SARS-CoV-2 were
newborns or infants. By contrast, the proportion of pre-
school- and school-aged children was the highest among
patients with influenza. For newly admitted patients <5 years
old, the RSV group had the largest proportion of cases
(95.7%, n=962/1005); SARS-CoV-2 had the next-largest
share, with 82.9% (n=209/252). However, the proportion
of <5-year-olds on ICU followed a slightly different pattern.
Here, RSV rates were 93.6% (n=2307/328), while those for
SARS-CoV-2 were 71.4% (n=25/35) and those for Influenza
were 64.7% (=68/105).

Comorbidities

In the CLRS, providing information regarding preexisting
comorbidities was optional. For this reason, the denominator
sizes vary and are not identical with the absolute numbers
of patients reported on ICU (Table 1). For ICU patients,
we received additional information regarding the presence
of comorbidities in 66.3% of cases (n=1527/795). In 50.9%
of these cases (n=268/527), a significant comorbidity was
reported. With respect to specific pathogens, the highest
proportion of preexisting comorbidities was reported in the
influenza group (62.0%, n=44), followed by the SARS-
CoV-2 group (53.6%, n=15). The RSV group (33.9%,
n=63) had the lowest number of reported preexisting con-
ditions (Table 1).

Respiratory support

In the CLRS, providing information on respiratory sup-
port, (defined as invasive or non-invasive ventilation such
as with CPAP or high-flow oxygen), also was optional.
Therefore, denominator sizes again vary for each group
(Table 1). Among ICU patients with ARI, information on
respiratory support was submitted in 87.8% of cases reported
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Table 1 Absolute case numbers of reported patients: (a) newly admitted patients with an acute respiratory infection (ARI) as their primary
admission diagnosis, and (b) ICU patients with ARI as a primary diagnosis

All SARS-CoV-2 RSV Influenza Other confirmed Unknown respira-
respiratory tory pathogens®
pathogens

Number of individual patients N n/N % n/N % n/N % n/N % n/N %
(a) newly admitted 3245° 252/3245 7.8 1005/3245 31.0 444/3245 13.7 286/3245 8.8 1338/3245 41.2
Age
Newborns (0-3 months) 94/252 37.3 423/1005  42.8 50/444 11.3  30/286 10.5 148/1338 11.1
Infants (4—11 months) 65/252 25.8 27771005  27.6 47/444 10.6  38/286 13.3 185/1338 13.8
Toddlers (1-2 years) 40/252 159 187/1005 18.6 92/444 20.7 88/286 30.8 450/1338 33.6
Preschool-aged children (3—4 years) 10/252 4.0 75/1005 7.4 95/444 21.4  66/286 23.1 239/1338 179
School-aged children (5-11 years) 22/252 8.7 22/1005 22 115/444 259 46/286 16.1 219/1338 16.4
Adolescents (12-18 years) 21/252 8.3 7/1005 0.7 38/444 8.6 12/286 4.2 45/1338 34
Young Adults (> 19 years) 1/252 0.4 0/1005 0.0 0/444 0.0 0/286 0.0 1/1338 0.1
Age not specified 0/252 0.0 14/1005 1.4 7/444 1.6 6/286 2.1 51/1338 3.8
(b) on intensive care unit (ICU) 763 ¢ 35/763 4.6 328/763 43.0 105/763 13.8 183/763 24.0 145/763 19.0
Age
Newborns (0-3 months) 8/35 229 192/328 58.5 14/105 13.3  28/183 15.3 23/145 159
Infants (4—11 months) 14/35 40.0 65/328 19.8 11/105 10.5 35/183 19.1 18/145 124
Toddlers (1-2 years) 1/35 29 37/328 11.3  26/105 24.8 50/183 27.3 33/145 22.8
Preschool-aged children (3—4 years) 2/35 5.7 13/328 4.0 17/105 16.2 20/183 10.9 17/145 11.7
School-aged children (5-11 years) 3/35 8.6 7/328 2.1 24/105 229 30/183 16.4 35/145 24.1
Adolescents (12-18 years) 5/35 143 10/328 3.1 11/105 10.5 18/183 9.8 15/145 10.3
Young Adults (>19 years) 2/35 5.7 1/328 0.3 0/105 0.0 0/183 0.0 0/145 0.0
Age not specified 0/35 0.0 3/328 0.9 2/105 1.9 2/183 1.1 4/145 2.8
On ICU, including additional infor- 28/35 80.0 186/328 56.7 71/105 67.6 130/183 71.0 112/145 77.2
mation on comorbidities®
On ICU with comorbidities® 15/28 53.6 63/186 339 44/71 62.0 75/130 57.7 71/112 63.4
On ICU, including additional infor- 30/35 85.7 289/328 88.1 89/105 84.8 159/183 869 131/145 90.3
mation on respiratory support®
On ICU with respiratory support® 19/30 63.3  265/289 91.7 67/89 75.3 133/159  83.6 102/131 77.9
With invasive ventilation® 9/30 30.0 34/289 11.8 22/89 24.7 42/159 264 24/131 18.3
With non-invasive ventilation® 10/30 33.3  231/289 79.9 45/89 50.6 91/159 57.2 78131 59.5

Age distribution is shown for each pathogen. For ICU patients, absolute numbers for those with comorbidities and/or with need for respira-
tory support are stated for different pathogen groups only in cases where information was submitted. (Entry of this additional information was

optional.)

The text marked in bold indicates which sample was used to calculate the percentage values

“Pathogen detection pending/not performed

PPercentages are calculated in relation to absolute case numbers in reports where information was provided

“Due to existing coinfections, the absolute number of individual patients is lower than the overall sum of all

(n=1698/795). Of these, respiratory support was provided
to 84.0% of patients (n=586/698). The need for respira-
tory support was the highest in the RSV group (91.7%,
n=265/289), with the majority of these cases requiring
non-invasive ventilation (including CPAP or high-flow oxy-
gen) (87.2%, n=231/265). SARS-CoV-2 patients required
respiratory support in 63.3% of cases (n=19/30), with 9
(30.0%) needing invasive ventilation. After SARS-CoV-2
patients, influenza patients were the second highest in the
proportion receiving invasive ventilation.

@ Springer

Discussion

In spring 2022, a shift in pandemic-related, non-pharma-
ceutical public health measures took place in Germany,
with requirements for quarantining and mask-wearing
becoming loosened. Under these changed circumstances,
the CLRS's revised aim became to determine the disease
burden of ARI and other select respiratory viruses on
pediatric hospitalizations during fall/winter 2022-2023.
Although the Robert Koch-Institute, Germany's public
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Fig. 1 A New hospital admis- A
sions with respiratory tract
infections, average cases per
day per reporting hospital.
Included in the data analysis 12

were patients who had been
newly admitted due to a clinical 1 "
respiratory infection and whose d
primary diagnosis also was

an acute respiratory infection.
B Number of patients receiv-
ing treatment on ICU due to a
respiratory infection, average
cases per day per reporting
hospital with an in-house ICU.
*Pathogen detection pending/
not performed

10

9
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= SARS-CoV-2 == RSV == Influenza == Other confirmed respiratory pathogens

Unknown respiratory pathogens* -<- All new admissions regardless of cause

== SARS-CoV-2 == RSV == Influenza == Other confirmed respiratory pathogens

Unknown respiratory pathogens*

1.6

1.4

1:2

1.0

0.8

health institution, collects extensive data on infection rates
and dynamics of various pathogens in the German popula-
tion [10], their data does not actually provide information
on the burden of pathogens leading to pediatric hospi-
talization. This was the gap our CLRS hoped to fill. By
gathering data on and then comparative measuring newly

Nov Dec Jan Feb Mar
2023

admitted pediatric patients regardless of cause, our CLRS
was able to collect information critical to disease burden
assessment and related needs for resource allocation. With
up to 50% of all admissions having been due to ARI in
early December 2022, the combination of the unusually
early RSV wave, along with the similarly uncommon, early
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A

% Newborns
% Age not specified

SARS-CoV-2
37% 26%

RSV

[ % Infants [l] % Toddlers || % Preschool-aged children [Jl] % School-aged children || % Adolescents [Ji] % Young adults

16% 4% 9% 8%

42% 28%

Influenza
11% 11%

B

21% 21% 26% 9%

% Newborns [] % Infants [l % Toddlers [JJ] % Preschool-aged children [Ji] % School-aged children [i] % Adolescents [l % Young adults

% Age not specified

SARS-CoV-2

23% 40%
RSV

59%
Influenza

13% 10% 25%

Fig.2 A New admissions due to respiratory infections, by age group.
B Intensive care treatment due to respiratory infections, by age
group. Age groups were defined as follows: Newborns =0-3 months;

influenza season, resulted in a significant shortage of hos-
pital beds, with nearly all available pediatric admissions
beds getting used for ARI-related admissions. This repre-
sented an especially high burden on the hospital system.
With our updated CLRS, we hoped to have put in place a
tool that would allow us to better understand, and therefore
also improve, these circumstances.

In previous pre-pandemic years, RSV season in Germany
typically had started in November and had peaked in Febru-
ary/March [11]. In 2021, however, an unusually early and
intense RSV season already had taken off by late summer/
early fall 2021, with RSV cases reaching their highpoint by
the beginning of November 2021 [3, 4]. Interestingly, and
to some extent unexpectedly, the 2022/2023 RSV season
experienced a sharp rise in cases by early November. Despite
a return to a more-or-less typical starting date, the abrupt
and significant increase in RSV cases—one even more pro-
nounced than in 2021/2022—seemed surprising. Although
the peak number of RSV-related admissions during the
2021/2022 and 2022/2023 RSV seasons was not dramati-
cally different from each other, the number of patients admit-
ted to ICU for RSV infections in 2022/2023 nearly doubled
over that of the previous year. By February 2023, however,
RSV-related ICU admissions had returned to a level similar
to that seen in February 2022 (Supplement S1).
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6% 9% 14% 6%

20% 11% 4%

16% 23% 10%

Infants=4-11 months; Toddlers=1-2 years; Preschool-aged chil-
dren=3-4 years; School-aged children=5-11 years; Adoles-
cents =12-18 years; Young adults > 19 years

Although RSV predominantly, and almost exclusively,
affected under five-year-olds, it nonetheless accounted for
the largest proportion of hospital admissions and ICU hos-
pitalizations during the 2022/2023 ARI season. Further-
more, the RSV group displayed the lowest comorbidity rate
(33.9%) of any pathogen group in our register—a data point
confirming that RSV does not require any specific constitu-
tional weakness in order to succeed in making an infant or
young child quite sick. This underlines the importance of
developing a safe and effective RSV vaccine for young chil-
dren, as vaccination could significantly reduce the burden of
ARI leading to admissions in pediatric hospitals.

In contrast to ICU patients with RSV, a much higher
proportion of ICU patients with influenza (33.3%) and/or
SARS-CoV-2 (28.6%) were > 5 years old. For ICU patients,
the comorbidity rates reported in the influenza group
(62.0%) and SARS-CoV-2 group (53.6%), was higher than
that reported in the RSV group (33.9%). This suggests that
an influenza and SARS-CoV-2 infection prevention strategy
for children > 5 years old is warranted, especially for those
where comorbidities may be present.

Despite the easing of public health measures, our CLRS
data for 2022/2023 ARI season did not show there to have
been a major increase in SARS-CoV-2-related hospitaliza-
tions at German pediatric hospitals in relation to this time
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period—a development already anticipated by our earlier,
CLRS-related publication describing the disease burden
during spring/summer 2022 when the Omicron variant was
predominant [6]. Data provided by the RKI show a similarly
low proportion of SARS-CoV-2 on severe ARI during the
winter months, especially among under four-year-olds [10].
On this basis, and assuming that no virulence-increasing
mutations will develop in the near future, it appears unlikely
that SARS-CoV-2 will pose a significant disease burden for
children and adolescents in Germany during the upcoming
2023-2024 season. By contrast, the disease burden caused
by RSV and influenza could be expected to become as high
as in the previous season since there is no reliable way of
predicting if the population-based immunity has reached
pre-pandemic levels again.

Limitations

Although there is common agreement in the German pedi-
atric health care community that collecting and analyzing
data such as that gathered by our CLRS is important, data
reporting can be time-consuming. Without dedicated hospi-
tal resources for this purpose, and in the absence of manda-
tory reporting, regularity and consistency of data collection
may be impacted.

Our analysis is additionally limited by the survey design
itself. The CLRS's main goal was to measure the burden of
ARIs on German pediatric hospitals, not their impact on
individuals. For this reason, the CLRS was built to capture
anonymized data on ARI-related hospital and ICU admis-
sions over time. The CLRS was not designed to capture indi-
vidual patient data, e.g., clinical presentation, risk factors, or
vaccination status. Although such data of course would have
been of significant interest, it could not be analyzed, because
it was not captured. Furthermore, we are unable to provide
information on ARI admissions or ICU treatment from hos-
pitals that did not participate in the CLRS. Accordingly, we
cannot compare data from these hospitals with those that did
participate. Therefore, we cannot speculate regarding any
potential reporting or selection bias. Although our CLRS did
not capture data on types and combinations of coinfections
and "complicated respiratory tract infections", on a clinical
basis, it was widely reported that these had occurred in high
numbers, especially toward the end of 2022 and in early
2023 [12-16]. Unfortunately, these too cannot be shown by
means of our CLRS due to its design limitations.

Conclusion

With 22.8% of German pediatric hospitals contributing
data to our CLRS, our study provides a unique opportu-
nity to quantify and concretely evaluate the dimensions of

pediatric hospital and disease burden described. In Novem-
ber—December 2022, hospitals participating in our CLRS
reported a particularly significant increase in patients with
ARI, with these accounting for 50% of all pediatric hospital
admissions. RSV and influenza infections represented the
greatest proportion of these cases, with an unusual simulta-
neous incidence peak for both pathogens. Relatively speak-
ing, SARS-CoV-2 played a more minor role, both in terms
of absolute numbers and disease severity. These findings
underline the importance of conducting ongoing, dynamic,
systematic surveillance of ARI data, (as well as that for other
infectious diseases), in order to monitor real burdens on the
hospital-based health care system. Our CLRS provides a
valuable tool for monitoring and assessing pediatric hos-
pital care resources in Germany, and may help in evaluate
the future allocation of health care resources here as well.
The high voluntary participation rates our CLRS achieved
among hospitals, as well as the high quality of data submit-
ted, are critical components for any comparable CLRS. In
future, developing systems to automize and systematize data
collection in order to preserve staff resources, as well as to
provide an even more comprehensive surveillance of ARI
epidemiology in children, will provide substantial benefit to
the health care system. It also would represent a milestone
for future pandemic preparedness as outlined by the WHO.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-023-02123-7.
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