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ABSTRACT

Background: Acute respiratory infections (ARIs) are a major healthcare issue in children. The SARS-CoV-2 pandemic changed
the epidemiology of ARIs; the aims of this study are to characterize the epidemiological trend of ARI emergency hospitalizations
and virology results and to estimate the association of ARI emergency hospitalizations with respiratory viruses from January
2018 to June 2023.

Methods: This study was carried out in an Italian tertiary care children's hospital (Bambino Gesu Children's Hospital). The de-
mographic and clinical information of children who accessed the Emergency Department (ED) with ARI and were hospitalized
were retrospectively extracted from the electronic health records. Multivariate linear regression model was used to compare the
number of ART hospital admissions with the reported temporal trends in viruses diagnosed from respiratory samples throughout
the same time period.

Results: During the study period, there were 92,140 ED visits and 10,541 hospitalizations due to ARIs, reflecting an admission
rate of 11.4%. The highest proportion of hospitalizations occurred in infants <1year of age (n =4840, 45.9% of total admissions),
with a hospitalization rate of 22.6%. Emergency hospitalizations aligned closely with the predictions made by the multivariate
regression model; peaks in hospitalizations reflected Respiratory Syncytial Virus (RSV) circulation.

Conclusions: ARI hospital urgent admissions are a relevant component of ARI disease burden in children. RSV prevention and
control are crucial to limit the risk of urgent hospitalizations due to ARIs.

1 | Introduction million annual hospital admissions and affecting mostly chil-

dren aged less than 5years [4, 5]. The majority of ARI in children
Acute respiratory infections (ARIs) are one of the main causes of  are caused by viruses, such as rhinovirus, respiratory syncytial
mortality and morbidity in children [1-3] causing more than 12 virus (RSV), influenza and parainfluenza viruses, enteroviruses,
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adenoviruses and metapneumoviruses [6-9]. Prior to the SARS-
CoV-2 pandemic, these infections were characterized by a marked
seasonality, with peaks of incidence in the autumn-winter period.

Italy was the first European country hit by the COVID-19 pan-
demic, with the first autochthonous patient diagnosed on 20
February 2020 [10]. Public health measures introduced to con-
tain the pandemic [11, 12] limited the transmission of respiratory
viruses [13, 14], interfering with their seasonality and reducing
emergency department (ED) visits and hospitalizations [15, 16].
‘With the reduction of social isolation measures in 2021-2022, there
was a resurgence of ARI cases and a different seasonality of RSV,
with an earlier peak and shorter duration than in pre-pandemic
seasons [17, 18]. Regression models showed that peaks of ED ARI
visits corresponded to the peaks of influenza, RSV and rhinovi-
rus in the prepandemic seasons (2018-2019 and 2019-2020), to the
peaks of SARS-CoV-2 and rhinovirus in 2020 and to the peaks of
RSV, parainfluenza and rhinovirus in 2021 and 2022 [19].

Clinical severity of ARIs varies by pathogen [20], with different
risks of hospitalization. The aims of this study were to character-
ize the epidemiological trend of ARI emergency hospital admis-
sions and virology results from January 2018 to June 2023 and to
estimate the association of ARI emergency hospitalizations with
respiratory viruses.

2 | Methods
2.1 | Setting

This study was carried out at Bambino Gesu Children's Hospital
(OPBG), a tertiary care academic hospital with 607 inpatient
beds, which provides its care activities in Rome, Italy. The ED
provides free urgent medical care to the paediatric population
on a 24/7 basis.

Total accesses to ED were 85,012 in 2018 and 89,558 in 2019; in
2020, they decreased to 62,010, to increase to 79,624 in 2021 and
t0 95,351 in 2022. In the first semester of 2023, there were 53,662
ED visits. In the study period, about 20% of ED visits was due to
ARIs [19].

2.2 | Data Collection

Demographic and clinical information of children who accessed
the ED and were diagnosed with ARI from 1 January 2018 to 30
June 2023 was retrospectively extracted from computerized ED
reports. In detail, information on the patient's demographics,
ICD-9-CM diagnosis and status at discharge (i.e., hospitalized
or discharged home) was anonymized and inferred. ARI was
defined based on the ICD-9 CM diagnosis at discharge from the
ED (Supporting Information S1).

Information on the virologic results of respiratory specimens (e.g.,
nasopharyngeal swabs, tracheal swabs and/or bronchoalveolar
lavages) obtained in the same time period from OPBG patients
was extracted from the from the Hospital Electronic Laboratory
Information System. Respiratory samples that tested positive for
the same virus within 3 months were excluded from the analysis.

2.3 | Laboratory Testing

Respiratory specimens were tested with multiple-target RT-
PCR assays capable of simultaneously detecting 18 respiratory
viruses, including RSV A and B, influenza A and B viruses,
human coronavirus OC43, 229E, NL-63 and HUK1, adenovirus,
human rhinovirus (hRV), parainfluenza virus 1-2-3-4, human
metapneumovirus-hMPV, human bocavirus-hBoV, and entero-
virus, through the commercial multiplex RT-PCR (AllplexTM
Respiratory Panel Assay Seegene Korea) kit. Nucleic acids were
extracted using a combined one-step extraction and PCR setting
from a 200-pL sample of respiratory samples loaded directly
onto an automated instrument using ready-to-use extraction re-
agent cassettes (StarMag universal cartridges on Seegene Starlet)
and amplified on the CFX96TM real-time PCR detection system
(BioRad Laboratories). Antigen test results were also considered
for the diagnosis of RSV infection. As of 2020, SARS-CoV-2 molec-
ular tests or SARS-CoV-2 antigen tests have also been performed.

2.4 | Statistical Analysis

The numbers of ED visits, emergency hospitalizations and positive
virological tests by year, week and age group (< 1year, 1-4years,
5-9years, > 10years) were summarized as counts and percentages;
positive tests were also described by type of virus. The significance
of time trends was assessed using the Cochrane Armitage test.

The time trends observed in viruses diagnosed from respiratory
samples were compared with the number of emergency hospital-
izations in the time frame January 2018-June 2023.

The number of hospitalizations was considered the dependent
variable in a multiple linear regression models, whose indepen-
dent variables were the weekly number of positive laboratory
results for a single virus.

The expected number of hospitalizations in a weekly period was
estimated with the following formula:

Yi=c+ D oLy

where Ly is the number of positive samples for virus i in week
J» ; is the regression coefficient for virus i used to estimate the
number of hospital admissions associated with each virus and ¢
is the constant representing the number of hospitalizations that
could be attributed to viruses not included in the model.

All viruses that had a p-value <0.2 in the univariate models
were included in the multivariate models. On the other hand,
viruses that had a negative regression coefficient in univariate
models (which is biologically implausible) were excluded. The
validity of the final model was assessed in terms of the propor-
tion of the variation it explained (R-squared), the significance
of the joint relationship between the observed and indepen-
dent variables in each model (i.e., the probability that R dif-
fered significantly from zero) and the impact of changes in the
model specification and the relative amount of information
lost by a given model (AIC, Akaike information criteria). We
also computed specific multivariate linear regression models
for age classes (<1year, 1-4years, >5years). The attribution
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of the ARI rate to each virus was generated by multiplying
each regression coefficient by its corresponding virus count.
The rate of unattributed ARI to viruses included in the mod-
els may be caused by other viruses or bacterial infections.
These cases are included in the term ‘unattributed’ in model
descriptions and representations. The weekly number of respi-
ratory viruses used in the models are reported in Supporting
Information S2.

All statistical analyses were performed using STATA 17 Software
(StataCorp LP, College Station, TX).

3 | Results

During the study period, there were 92,140 ED visits and 10,541
hospitalizations related to ARI, with an admission rate of 11.4%.
The highest proportion of hospitalizations occurred in infants
<lyear (n=4840, 45.9% of total admissions), with a hospitaliza-
tion rate of 22.6% (Table 1). The hospitalization rate was 6.5%
in children aged 1-4years, 7.9% in children aged 5-9years and
14.7% in children aged >10years. Proportion of hospitalizations
significantly changed over the study period, with a decline in
2021 and 2022 (10.6% and 8.5%) (Table 1).

The weekly trend analysis shows that in years 2018-2020, the
peak of ED visits occurred in January, with about 700 weekly
visits in 2018 and 2019 and over 600 in 2020. The number of
ED visits sharply decreased from the beginning of national
lockdown in March 2020, remaining lower than prepandemic
levels until October 2021, when a significant increase was
observed. In December 2021 and 2022, ED visit peaks were
higher than in the prepandemic period (over 750 weekly visits)
(Figure 1).

The impact of the pandemic on ARI hospitalizations was more
pronounced. In years 2018-2020, there was a maximum of about
100 weekly admissions in January, coinciding with the peak of
ED visits. Hospitalizations were fewer than 40 per week from
March 2020 to September 2021. In subsequent seasons, seasonal
peaks were observed, reaching the maximum of 108 weekly hos-
pitalizations in January 2023 (Figure 1).

In the prepandemic period, the majority of viral infections con-
firmed from respiratory samples were rhinoviruses (>35%),
followed by RSV (> 18%) and influenza, parainfluenza and ade-
novirus viruses (>7%). In years 2020 to 2022, the most frequent
virus was SARS-CoV-2, showing an increasing trend over the
3years (44%, 46% and 60%). In 2023, rhinoviruses returned to
being most frequent (24.8%), followed by adenovirus (13%) and
SARS-CoV-2 (11.4%) (Table 2).

The seasonal pattern of the five most frequently diagnosed
viruses from respiratory samples (SARS-CoV-2, rhinovirus,
RSV, influenza and parainfluenza) is illustrated in Supporting
Information S2: Figures 1-5.

SARS-CoV-2 was initially diagnosed in March 2020 and peaked
between December 2021 and March 2022, with a second peak
in June of the same year (Supporting Information S2: Figure 1).
Rhinoviruses showed a recovery of seasonality observed in

ED visits and hospital admissions by ARI by age group and year; OPBG, January 2018-June 2023.

TABLE 1

Trend
p-value

Trend
p-value

2018-2023

2019 2020 2021 2022 2023

2018

Admissions

Admissions

ED

ED Admissions
visits

visits N

ED Admissions

visits

Admissions Admissions

Admissions

ED

visits

N (% of

ED visits N
visits)

N (% of

visits)

N (% of

visits)

N (% of

visits)

N (% of ED visits N (% of ED visits N (% of
visits) visits)

visits)

Age

Admissions

ED visits

(%)
21,408

N (%)

(%)
4170
(22.9)

N (%)

N (%)

N (%)
4586
(24.5)

N (%)

group

<0.001 <0.001

4840
(22.6)

394
(21.2)

2666 660 3611 745 665 1858
(20.6) 15.9) (20.2)

(20.6)

1175
(25.6)

1201
(26.6)

4517

<lyear

(23.0)
44,152

(22.4)

(24.8)

(26.5)

<0.001 <0.001

2871

589 5476 435 8923 497 8864 457 4061 314
(6.7) (48.7)

266
(8.0)

302
(14.6)

8743

579
(7.2)
258
9.4)

8085

1-4years

(5.2) (44.2) (7.7) (48.3) (6.5)

183
(6.3)

(7.9) (55.4) (5.6)
151
8.1

213

(42.4)

46.7)

@7.5)

<0.001 <0.001

1234
(7.9)

15,714
(16.3)

163
(7.5)

2182
(23.8)

2925

1873
(11.6)

2662
(20.6)

3324
17.8)

2748
(16.1)

5-9years

(16.1)

(8.0)
319

<0.001 <0.001

1596
14.7)

10,866
(11.8)

142
(13.1)

1085
(11.8)

242
(10.9)

2227
(12.2)

321
(19.0)

1692
(10.5)

2119
(16.4)

2064
(11.0)

270
(16.1)

1679
9.9)
17,029
(100.0)

>10years

(15.1)

<0.001 <0.001

10,541
(11.4)

92,140
(100.0)

9186 1013

(100.0)

16,099 1714 18,186 1547
(10.6) (100.0) (8.5)

(100.0)

2308 18,717 2332 12,923 1627
(100.0) (100.0) (12.6)

(13.6)

Total

(11.0)

(12.5)

Note: For 2023, January-June data are provided.
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FIGURE1 |

the pre-pandemic period, after a significant decrease observed
between March and July 2020 (Supporting Information S2:
Figure 2). RSV and influenza seasonal pattern were interrupted
in 2020. In December 2021, RSV reached its highest observed
peak (Supporting Information S2: Figure 3); throughout the
study period, RSV mostly affected children up to 5years of age.
Influenza resumed a seasonal pattern in 2022-2023 (Supporting
Information S2: Figure 4). Parainfluenza viruses had a higher
incidence in the post-pandemic period than in the prepan-
demic period (Supporting Information S2: Figure 5). Fewer
cases of adenovirus (Supporting Information S2: Figure 6),
bocavirus (Supporting Information S2: Figure 7), coronavirus
(Supporting Information S2: Figure 8), enterovirus (Supporting
Information S2: Figure 9) and metapneumovirus (Supporting
Information S2: Figure 10) were registered, reflecting a return
to seasonal patterns in 2022-2023.

Emergency hospitalizations aligned closely with the predictions
made by the multivariate regression model (R-squared value:
0.809) (Figure 2). The model overestimated cases from February
to June 2022.

Viruses included in the model were enteroviruses, coronaviruses
other than SARS-CoV-2, rhinoviruses and RSV. In the model, the
peaks in hospitalizations reflected RSV circulation. Considering
all age groups, the model attributed 18% of ARI hospitalizations
to RSV, 13% to rhinovirus, 8% to coronaviruses other than SARS-
CoV-2 and 7% to enterovirus (Supporting Information S2: Table 1).

Within specific age groups, the model had a R-squared value
of 0.857 in infants aged <1year. As in the model including the
whole population, ARI hospitalizations in infants peak mirrored

B5-9yrs m>=10yrs

Number of ED visits and hospital admissions for ARI, by week and age group, registered at OPBG, January 2018-June 2023.

RSV circulation patterns (Figure 3). The model attributed 36%
of cases to RSV, 12% to rhinovirus, 11% to enterovirus, 6% to
coronaviruses other than SARS-CoV-2 and 4% to influenza
(Supporting Information S2: Table 1).

In other age groups, the model goodness of fit was lower, with
R-squared values <0.5 (R-squared 0.435 in the 1-4 age group
and 0.073 in the >5 age group). RSV, adenovirus, coronaviruses
other than SARS-CoV-2 and rhinovirus were included in the
1-4years group model and rhinovirus and metapneumovirus in
the older age group (Figure 3).

4 | Discussion

This study shows that emergency hospitalizations are a relevant
component of ARI burden in children; most of the about 10 thou-
sand hospitalizations regarded infants (45.9%), as expected given
the highest disease severity in this age group [20, 21]. There are
few data in literature describing the rate of ARI hospitalizations
in children calculated over ARI ED accesses [22]. In our expe-
rience, approximately 10% of children presenting with ARI at
the ED required hospitalization. The substantial proportion of
children discharged home suggests possible ED inappropriate
referral, since ARIs with mild clinical characteristics should be
treated in outpatient settings [23].

The use of ED services does vary by country, as the structure
of healthcare differs in terms of payment and organization
[24, 25]. In Italy, emergency visits and hospitalizations are free
of charge, and primary care paediatricians and general practi-
tioners provide free of charge care in the outpatient setting. ED

40f 10

Influenza and Other Respiratory Viruses, 2024

85UB017 SUOWWIOD A1) 8]qeo! [dde aup Aq peuenob ae Sappiie YO ‘8Sn JO el 10} Aeiq18UIUO 48] 1M UO (SUORIPUOD-PUR-SLUBIALI0O" A3 1M Ae.q | BUl [UO//:SdNL) SUORIPUOD pue SWie L 8y} 89S *[20Z/0T/LT] Uo Ariq1aulluO A8]IM ‘NSe9 oulquieq Jieipad @[epadsO Aq GEEET AITTTT OT/I0PA0D A8 M Ake.q 1 jpul[uo//:SANY Wouy pepeojumod ‘9 ‘720z ‘65920S.T



17502659, 2024, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/irv.13335 by Ospedale Pediatr Bambino Gesu, Wiley Online Library on [17/10/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

50f 10

‘papraoid axe ejep sunf-AIenuer ‘€z0g 104 2J0N

0001 09Z°6€ 0001 wov 0°00T 8€0CT 0001 GG08 0001 £e6v 0001 6608 0001 €605 [e10L,
8890 L't ol 69 8LT T 691 0c 91 €1 9 6'¢ L61 v'e VLT sniraownsudeldw UpWNy
100°0> 0¢ L9TT v €81 1¢C 6¥C €0 LT [ 011 ¥'s LLT €9 143 SNITAOIIUF
SNITAOIOIUD
100°0> €€ 68CT (4 60¢ 0°¢ 99¢ L8 669 €0 ST 00 0 00 0 /SDIIAOUTYT UBWINE
100°0> (V% I8ST 0L 8¢ €T LT 6'¢ T1€ e €LT s 29¢ GG I8¢ STLITABUOIOD)
T00°0> (V% LLST 9 (44 €' I8¢ 9'¢ T6¢C €'¢e Y91 1 9LTC T'9 €I¢ STLITABOOYH
0T¥'0 ¥'S [4axé L'tt (48 (43 16€ Se 6LT (0h7% 961 8L 66¢ 89 943 SNITAOURPY
100°0> 09 8¢€€T YL 66T LY €95 YL 965 L1 98 69 1433 9'8 oy eZUaN[jule.Ied
T100°0> 6'S YTET V'L 66¢C 9'¢ 6¢Y 0 6 6'TL 889 S1t 88¢ 6L 10V ezuan[juy
T00°0> 80T SETY 99 69t 9'G €L9 €l 886 L'L 8¢ 781 LE6 76l 066 ASY
100°0> 0T 0108 8YT 1001 811 8TVl 611 956 0T 866 gse 6081 6'S€ 8781 SnIAOUIYY
100°0> 9ve SLSET AN (4%} 009 L1CL v LELE R34 6STC — — — — T-AOD-SUVS
anjea-d % N % N % N % N % N % N % N STUITA
PUSLL €202-810¢C €20¢ (44114 T20¢ 020¢ 610C 810C

'€707 dUN[-8T0T7 Arenuer ‘OgJO It par1aisidal 1eak £q suonoayur £103e11dsal [eIiA Jo uonnquisiq | ¢ A194V.L




Total ARI ED visits

o
S
o
R-squared = 0.768 - AIC = 3230
.
o
S
©
[2]
=
L
>
[a] 4
m 8
o
<
o
S
«
o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I 1T
BB D D ® D B D@ O @ OO OO OO DD DD DD PP PP DD DD PDDD DD DD DD P DD PP PP
O S A S BPF  Ay
* Observed ED visits — Predicted ED visits DCoronavirus Dlnfluenza DParainfluenza DRhinovirus
l:l Sars-CoV-2 l:l RSV Unattributed
Total ARI admissions
.
° R-squared = 0.809 - AIC = 2035
S
- .
.
.
[2]
c
Ke]
(7]
2
S
g &
o
<
o

T T T T T T T 1T

T
D0 D P PP PP

* Observed admissions — Predicted mean RICtot I:l Enterovirus D Coronavirus |:| Rhinovirus I:I RSV

Unattributed

FIGURE2 | Multivariate linear regression model for weekly emergency hospital admissions for ARI; OPBG, January 2018-June 2023.

use in children may differ across the country, given the regional
organization of health services and the differences in access to
care across regions [26, 27].

In our setting, improving integration with primary care paedi-
atricians emerges as pivotal for mitigating the ED overuse for
ARI. Family-focused health education and health literacy ini-
tiatives can also improve parental knowledge of indications for
ED referral, since low parental health literacy is an independent
predictor of increased ED recourse, especially for children with-
out chronic diseases [28-31].

Weekly trend analysis confirmed that ART hospitalizations were
deeply influenced by the SARS-CoV-2 pandemic and its contain-
ment measures.

RSV was the predominant cause of emergency hospitalizations
due to ARIs, had a marked pre-pandemic seasonality [8] that
was interrupted since March 2020 to September 2021, followed
by a peak in late winter 2021 and a return to prepandemic sea-
sonal incidence in 2022 [32].

Other viruses related to hospitalizations were enteroviruses,
rhinovirus and coronavirus other than SARS-CoV-2, all
of which were disrupted in various ways by the pandemic
[33-38].

Influenza was related to hospitalizations in infants and, as
shown by other authors, had an abrupt and premature con-
clusion in the 2019-2020 season [39] and a persistently low
activity into the 2021-2022 season [40-44], possibly due to
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mask-wearing, social distancing and reduction in interna-
tional travels [14]. The seasonal peak we observed in 2022-
2023 season was in line with data from national virological
surveillance [45].

SARS-CoV-2 circulation did not reflect on hospitalizations,
which is not surprising since SARS-CoV-2 in children is rarely
severe [46].

In this study, the regression model estimates of ARI hospi-
talizations corresponded closely with the observed weekly
numbers; we documented that almost 70% of the ARI hospital-
izations can be attributed to a viral infection. The proportion
of ARI hospitalizations that was not attributed to viruses in-
cluded in the model may be caused by other viruses or to bac-
terial infections.

Hospitalizations by age estimated by regression models were
in line with observed cases in infants <1year of age that repre-
sented approximately 50% of all ARI hospitalizations over the
study period. In older children, the models did not explain the
observed hospitalisations; this finding could be due to the lim-
ited numbers of observations and to the role of variables other
than viral infections, such as comorbidities.

The findings of this study should be interpreted within its lim-
itations and strengths. The study was conducted in a tertiary
care academic hospital, potentially limiting its generalizability
to other contexts. In addition, clinical presentation and coinfec-
tions could had a role in explain hospitalizations, particularly
in children older than 1year where the goodness-of-fit of the
regression models was lower. Despite possible limitations, our
findings show robust data over a period of more than 5years;
all patients received a diagnosis of ARI by paediatricians of a
tertiary care academic children's hospital, and we provided an
extended analysis of viruses causing ARI in children.

As shown in this study, RSV prevention is crucial to limit ARI
hospitalizations. Pharmacological prevention of RSV involves
the administration of monoclonal antibodies (such as palivi-
zumab and nirsevimab) in high-risk children up to 2years of age
[47, 48]. Recent authorization of RSV vaccine to protect infants
up to 6 months of age prospects for a future vaccination strategy
in paediatric populations [49, 50].
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