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Background: The use of Non-Pharmaceutical Interventions (NPIs), such as
lockdowns, social distancing and school closures, against the COVID-19
epidemic is debated, particularly for the possible negative effects on vulnerable
populations, including children and adolescents. This study therefore aimed to
quantify the impact of NPIs on the trend of pediatric hospitalizations during
2years of pandemic compared to the previous 3years, also considering two
pandemic phases according to the type of adopted NPIs.

Methods: This is a multicenter, quasi-experimental before-after study conducted
in 12 hospitals of the Emilia-Romagna Region, Northern Italy, with NPI
implementation as the intervention event. The 3years preceding the beginning
of NPI implementation (in March 2020) constituted the pre-pandemic phase.
The subsequent 2years were further subdivided into a school closure phase
(up to September 2020) and a subsequent mitigation measures phase with less
stringent restrictions. School closure was chosen as delimitation as it particularly
concerns young people. Interrupted Time Series (ITS) regression analysis
was applied to calculate Hospitalization Rate Ratios (HRR) on the diagnostic
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categories exhibiting the greatest variation. ITS allows the estimation of changes
attributable to an intervention, both in terms of immediate (level change) and
sustained (slope change) effects, while accounting for pre-intervention secular
trends.

Results: Overall, in the 60 months of the study there were 84,368 cases.
Compared to the pre-pandemic years, statistically significant 35 and 19%
decreases in hospitalizations were observed during school closure and in the
following mitigation measures phase, respectively. The greatest reduction was
recorded for "Respiratory Diseases,” whereas the “Mental Disorders” category
exhibited a significant increase during mitigation measures. ITS analysis confirms
a high reduction of level change during school closure for Respiratory Diseases
(HRR 0.19, 95%Cl 0.08-0.47) and a similar but smaller significant reduction
when mitigation measures were enacted. Level change for Mental Disorders
significantly decreased during school closure (HRR 0.50, 95%CI| 0.30-0.82) but
increased during mitigation measures by 28% (HRR 1.28, 95%Cl 0.98-1.69).

Conclusion: Our findings provide information on the impact of COVID-19 NPIs
which may inform public health policies in future health crises, plan effective

control and preventative interventions and target resources where needed.

KEYWORDS

COVID-19 epidemiology, non-pharmaceutical intervention (NPI), quasi-experimental
design, observational study, Interrupted Time Series (ITS) regression analysis, time
series analysis, diseases of the respiratory system, Mental Disorders

1 Introduction

The SARS-CoV-2 epidemic has had little medical consequences
for children and adolescents, as incidence of severe forms of
COVID-19 in the pediatric population was low and symptoms of
infection were generally mild (1, 2). However, young people were
deeply affected by the restrictive measures imposed globally to reduce
transmission, such as quarantine, lockdown, and social distancing,
often referred to as Non-Pharmaceutical Interventions (NPIs), which
considerably changed their daily lives (3). They were confined at home
for long periods, with limited opportunity for learning and reduced
peer contact, together with adults who were often anxious or
psychologically stressed by the circumstances, which added to their
own discomfort (3, 4). School closure, enforced in many countries
with different durations, was particularly relevant for these age groups,
as school is where children and adolescents spend most of their time,
and have opportunity for both social interactions and intellectual
stimulation (5).

The debate on the pros and cons of population-wide restrictions
enacted during the COVID-19 pandemic is ongoing. On the one
hand, data seems to support the positive effects of NPIs (6-10),
particularly in terms of control of virus spread and consequent
reduction in mortality (10). On the other hand, some authors
emphasize a range of “side effects” of NPIs, including economic,
educational, and health repercussions, disproportionately affecting
more vulnerable populations, including children, with little health
benefits (11). To manage future health crises, therefore, it is crucial
that these strategies are further assessed to inform future pandemic
policy and avoid past mistakes (12).

The timing and intensity of NPIs against COVID-19 all over the
world varied greatly according to local situations (7). Italy, starting
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from the Northern regions, was the first European country to
be affected by the pandemic (13), and enacted very aggressive
restrictive policies, including one of the longest school closures in the
world (14).

The analysis of hospitalization trends can provide valuable insights
into the repercussions of different restrictions adopted over time,
needed to prepare for future pandemics. In particular, to estimate the
effectiveness of population-level health interventions that have been
implemented at a clearly defined point in time, Interrupted Time
Series (ITS) regression analysis is the recommended method (15).
However, the majority of research on this topic is monocentric (16—
19), is restricted to specific pediatric age classes or considers all ages
including adults (17, 19-26), focuses on specific diagnoses (9, 16, 17,
19, 21, 25, 27), only looks at Emergency Department (ED) visits (16,
17,19, 21, 23, 26, 28, 29), or addresses the time period immediately
following the pandemic onset without evaluating ongoing effects (18,
25, 30).

We therefore aimed to quantify the impact of NPIs adopted to
prevent or control COVID-19 transmission on the trend of
hospitalizations, in 12 hospitals in the Emilia-Romagna Region,
Northern Italy, during the 2 years following the start of the pandemic,
compared with the previous 3 years, considering two pandemic phases
according to the type of adopted NPIs.

2 Materials and methods
2.1 Study design and setting

This is a multicenter, quasi-experimental controlled before-after
study, conducted to estimate the change in pediatric hospital
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admissions during the COVID-19 pandemic compared to the
previous period. For disease categories exhibiting the greatest
variations, we investigated the effect during school closure and in the
subsequent phase when schools were re-opened and mitigation
measures were implemented.

This study was conducted in the Emilia-Romagna Region,
Northern Italy, which has an overall pediatric population (from 0 to
17 years) of 673,818 subjects (year 2020) (31), who were potentially
affected by NPIs.

The overall study period covered from March 2017 to February
2022 (60months), defining the implementation of NPIs as an
intervention event.

2.2 Intervention

National lockdown in Italy was imposed from March 11 through
May 4th, 2020, after which economic and social activities were
gradually resumed. Restrictions were relaxed over the summer and
then reintroduced gradually to counter the second wave of the
pandemic. On November 6th, 2020, the Italian Government enforced
a three-tiered restriction system on a regional basis, using periodic
risk assessments by the Ministry of Health (32). Italy also enforced one
of the longest school closures in the world (14). Educational
institutions of any grade were shut down from late February up to
September 2020, after which schools were reopened and mitigation
measures were kept in place, such as mask wearing and reduced
student social contact, as well as mandatory distance learning for at
least 75% of the time in high schools (32). On March 31, 2022, the
state of emergency ended in Italy.

In this study, the beginning of NPI implementation was used as
delimitation, defining the 3 years prior to March 2020 (from March
2017 to February 2020, 36 months) as the pre-COVID19 phase (PC).
Since school closure is thought to have had a more direct impact on
young people than other NPIs, the subsequent 2 years were further
subdivided into a school closure phase (SC), from March 2020 to
September 2020 (7 months) and a mitigation measures phase (MM),
from October 2020 to February 2022 (17 months).

2.3 Participants

We analyzed data from 12 of the 15 (80%) hospitals in the Emilia-
Romagna Region, which provided complete data throughout the study
duration. These centers had a catchment area of 574,760 minor
inhabitants in 2020 (equal to 85% of the Emilia Romagna region),
comprising 211/269 (78%) pediatric beds. Included subjects were
patients aged between 0 and 17 years, hospitalized in the considered
time frame. Healthy new-borns were excluded from the analysis.

2.4 Data sources

Study data were anonymously extracted from the electronic
hospital discharge forms (eHDFs), contained in the administrative
databases of the Emilia-Romagna Regional Health Trust, and included
the following: age, sex, dates of admission and discharge, main
diagnosis and up to five secondary diagnoses (i.e., any conditions
existing at admission or occurring during hospitalization which
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influence treatment or length of stay). The diagnoses were coded
according to the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM).

2.5 Statistical analysis

As outcome variables, we considered the monthly frequency of
hospitalizations, total and for ICD9-CM categories (the first three
characters), during the 60 months considered by the study. To identify
which major ICD9-CM categories had the greatest impact, the
Standardized Hospitalization Rates (SHR) per 100,000 person-year
were used, considering as standard the resident population in Europe
in 2020 (the intermediate of the 5years considered in this study) (33)
and adjusting for age and sex. For each diagnostic category,
we measured how any of the time periods changed with respect to the
previous phase (SC vs. PC, MM vs. PC and MM vs. SC), by estimating
the Standardized Hospitalization Rate Ratios (SHRR) and their 95%
Confidence Intervals (95% CI). To investigate the effect of NPIs, the
ICD9-CM categories exhibiting the greatest change were assessed using
ITS regression analysis. This segmented approach allows to estimate
changes attributable to an intervention, in terms of overall (as time
trend), immediate (as changes in level) and sustained (increase or
decrease in the slope) effects, while accounting for pre-intervention
secular trends. Since ITS regression models were applied to analyze
count data through time, over-dispersion parameter was also evaluated
and tested by graphical diagnostic plot and overdispersion test.
We modeled admissions using a Poisson generalized linear model; in
case p-value from Chi-square test of “estat gof” STATA function was
less than 0.05 the model switched from Poisson to Quasi Poisson by
specifying the parameter scale (x2). The seasonality components were
also included into the ITS models to estimate recurrence undulatory
patterns of admissions. Winter was defined as January/February/
March, Spring as April/May/June, Summer as July/August/September
and Autumn as October/ November/ December. In all ITS models, the
annual population of the considered provinces was used as off-set
allowing to estimate the hospitalization rate. Post-hoc sensitivity
analyses were conducted to investigate the impact of children aged
0-1years old on HRR estimates from ITS modeling, since we assumed
that a very small proportion of children in this age group attends
day-care. This is an important factor since the school closure is one of
the main NPIs under study. All statistical analyses were centralized and
performed with STATA (StataCorp. 2023. Stata Statistical Software:
Release 18. College Station, TX: StataCorp LLC).

3 Results

Overall, in the 5years of the study and in the 12 participating centers,
there were 84,368 cases. Case demographics are shown in Table 1 for
each of the three phases: PC, SC, and MM. The sample of admissions was
made up of 57.0% males, with the predominant age group being between
0 and lyear (38.0%). As expected, the hospitalization rate decreased
considerably when school closure was enforced with respect to the
pre-pandemic time period (2,548 vs. 3,915x 100,000 person-year).
Supplementary Table S1 shows the standardized hospitalization rates by
type of primary diagnosis, from highest to lowest.

Figure 1 shows the comparisons in terms of SHRR, overall and for
individual ICD9-CM categories, between SC, MM and PC. Overall, a
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TABLE 1 Demographic and clinical characteristics of the analyzed sample.

PC (Mar 1, 2017- Feb SC (Mar 1, 2020- MM (Oct 1, 2020- Feb Whole period (Mar 1,
28, 2020) n=56,449 Sep 30, 2020) 28, 2022) n=20,916 2017- Feb 28, 2022)
n=7,003 n=284,368
Sex, 11 (%) males 32,262 (57.2) 3,915 (55.9) 11,883 (56.8) 48,060 (57.0)
Age class, y n (%)
0-1 21,285 (37.7) 2,800 (40.0) 7,940 (40.0) 32,025 (38.0)
2-5 14,135 (25.0) 1,383 (19.8) 4,334 (20.7) 19,852 (23.5)
6-11 9,500 (16.8) 1,228 (17.5) 3,406 (16.3) 14,134 (16.8)
12-17 11,529 (20.4) 1,592 (22.7) 5,236 (25.0) 18,357 (21.8)

Secondary diagnoses, n

(%)

Ist 27,043 (47.9) 3,687 (52.6) 10,447 (50.0) 41,177 (48.8)
2nd 10,723 (19.0) 1,616 (23.1) 4,336 (20.7) 16,675 (19.8)
3rd 4,468 (7.9) 751 (10.7) 1,797 (8.6) 7,016 (8.3)
4th 2,153 (3.8) 361 (5.2) 854 (4.1) 3,368 (4.0)
5th 994 (1.8) 168 (2.4) 378 (1.8) 1,540 (1.8)

Hospitalization annual

(95%CI)* 3,915.4 (3,862.4-3,968.5) 2,547.7 (2,504.0-2,591.5) 3,191.0 (3,141.8-3240.1) 3,609.1 (3,557.4-3,660.8)
rate, o

PC, pre-COVID19; SC, School closure; MM, Mitigation measures. * Standardized x 100,000 (pop EU 2020).

IDC-9-CM diagnosis # adj cases* SHRR 95%Cl
SCvs. PC - 623.7 1,164.7 0.54 0.49 059
Infectious and Parasitic Diseases (001-139) MM vs. PC e 783.9 1,164.7 0.68 062 0.75
MM vs. SC = 623.7 783.9 1.27 114 141
SCvs. PC —a— 315.5 3155 0.97 082 114
Neoplasms (140-239) MM vs. PC —=— 366.6 3155 118 1.01 138
MM vs. SC —— 366.6 303.6 1.22 1.05 143
SCvs. PC = 352.3 552.7 0.64 0.56 074
Endocr., Nutrit. and Metab. and Immunity Disorders (240-279) MM vs. PC ] 4633 552.7 0.85 0.75 0.97
MM vs. SC = 463.3 352.3 1.33 115 153
SCvs. PC - 310.1 510.1 0.61 053 071
Diseases of the Blood and Blood-forming Organs (280-289) MM vs. PC —=— 299.6 510.1 0.60 0.52 0.69
MM vs. SC —a— 299.6 310.1 0.98 083 1.15
SCvs. PC —— 201.8 297.0 0.68 0.57 0.82
Mental Disorders (290-319) MM s, PC —e— 440.4 297.0 1.51 130 175
MM vs. SC = 440.4 201.8 2.20 186 2.61
SCvs. PC - 753.4 1,2107 0.63 057  0.69
Diseases of the Nervous System and Sense Organs (320-389) MM s, PC - 1,015.9 1,210.7 0.85 078 0.93
MM vs. SC - 1,015.9 7534 136 124 1.50
SCvs. PC —e— 164.2 279.1 0.59 048 0.72
Diseases of the Circulatory System (390-459) MM vs. PC —a— 265.6 279.1 0.97 0.82 115
MM vs. SC —a— 265.6 164.2 1.64 134 2.00
SCvs. PC - 1,049.6 3,9333 0.27 025 029
Diseases of the Respiratory System (460-519) MM s, PC H 2,317.9 3,933.3 0.60 0.57 0.63
MM vs. SC - 2,317.9 1,049.6 2.23 207 _2.40
SCvs. PC - 1,219.2 1,550.6 0.79 0.73 0.85
Diseases of the Digestive System (520-579) MM s, PC lag 1,406.8 1,550.6 0.92 0.86 0.99
MM vs. SC - 1,406.8 1,219.2 117 1.08 1.26
SCvs. PC = 709.1 989.3 0.72 0.65 0.80
Diseases of the Genitourinary System (580-629) MM vs. PC - 760.7 989.3 0.78 071 0.86
MM vs. SC = 760.7 709.1 1.08 098 1.20
SCvs. PC — 226 42.9 0.54 031 091
Complic. of Pregnancy, Childbirth, and Puerperium (630-677) MM vs. PC —_— 28.9 429 0.69 041 112
MM vs. SC | o ———— 289 22.6 127 071 231
SCvs. PC —e— 176.3 337.2 0.53 0.44 0.63
Diseases of the Skin and Subcutaneous Tissue (680-709) MM vs. PC —e— 237.2 337.2 0.72 0.60 0.85
MM vs. SC —=— 237.2 176.3 136 112 1.66
SCvs. PC —=— 264.5 497.0 0.54 046 0.62
Dis. of the Musculosk. System and Connective Tissue (710-739) MM vs. PC - 3423 497.0 0.70 0.61 0.81
MM vs. SC = 342.3 264.5 130 111  1.54
SCvs. PC - 783.3 1,001.2 0.79 072 0.87
Congenital Anomalies (740-759) MM vs. PC = 2] 805.0 1,001.2 0.82 0.74  0.90
MM vs. SC e 805.0 783.3 1.04 094 115
SCvs. PC HH 2,326.3 2,396.1 1.01 095 1.07
Certain Conditions originating in the Perinatal Period (760-779) MM vs. PC e 2,2135 2,396.1 0.94 0.89 1.00
MM vs. SC ) 2,213.5 2,326.3 0.96 091 102
SCvs. PC (ol 1,020.7 1,635.3 0.63 0.58  0.68
Symptoms, Signs and Illl-defined Conditions (780-799) MM vs. PC - 1,263.6 1,635.3 0.79 073 085
MM vs. SC - 1,263.6 1,020.7 1.25 115 1.36
SCvs. PC Lo 1,566.3 1,695.3 0.93 0.87 1.00
Injury and Poisoning (800-999) MM vs. PC - 1,480.5 1,695.3 0.89 0.83 095
MM vs. SC e 1,480.5 1,566.3 0.96 089 1.03
SCvs. PC ] 12,537.2 19,394.7 0.65 0.64 067
All MM vs. PC L} 15,535.1 19,394.7 0.81 0.80 0.83
MM vs. SC || 15,535.1 12,537.2 1.25 122 1.28
* x 100,000 (pop EU 2020); SHRR= Standardized Hospitalization Rate Ratio  0.10 1.00 10.00

FIGURE 1
Forest plot of Standardized Hospitalization Rate Ratios (SHRR). Estimates are reported as x 100,000 person-year and are age & sex standardized using
as Standard the European resident population in 2020. SHR, standardized hospitalization rate.
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statistically significant decrease in hospitalizations with respect to
pre-pandemic rates was observed both in SC (—35%, SHRR 0.65,
95%CI: 0.64-0.67) and MM (—19%, SHRR 0.81, 0.80-0.83), while a
25% increase (SHRR 1.25, 1.22-1.28) was recorded in MM with
respect to SC.

Considering individual ICD-9-CM diagnoses, a generalized
reduction was detected during SC for all categories. The greatest
reduction (—73%, SHRR 0.27, 95%CI 0.25-0.29) occurred in the
“Respiratory Diseases” category, which exhibited the highest
frequency of hospitalizations (approximately 4,000 cases/year in the
3years before the pandemic). In MM, the reduction compared to PC
persisted, although less prominent. Only the Mental Disorders
category showed a large increase (51%, SHRR 1.51, 95%CI 1.30-1.75).

To measure NPI effects, ITS regression analysis was carried out on
overall hospital admissions and on the two categories which stood out
for the greatest variation (Respiratory Diseases and Mental Disorders).

Results of the ITS the
following paragraphs.

analysis are presented in

3.1 Any hospitalization

As shown in Figure 2 and Table 2, we observed a highly significant
decrease in hospitalizations in SC (level change, HRR 0.44, 95%CI
0.35-0.55) and in MM (although of lesser impact, HRR 0.65, 95%CI
0.57-0.75) compared to PC. Unlike the constant hospitalization rate
recorded throughout the 3 years before the pandemic, immediately
after the collapse of admissions an increasing trend occurred,
particularly in SC (slope change, 11% per month, HRR 1.11, 95%CI

10.3389/fpubh.2024.1393677

1.06-1.16), but also to a lesser extent in MM (slope change, 2% per
month, HRR 1.02, 95%CI 1.01-1.03). Hospitalization rates returned
to pre-pandemic levels only in autumn 2021 (18 months since the start
of the pandemic).

3.2 Respiratory diseases

The most frequent types of respiratory diseases as primary
diagnosis are shown in Supplementary Table S2. This category, which
contributed the most to the hospitalization decline, exhibited in SC a
statistically significant reduction of 81% in the number of admissions
in terms of level change (HRR 0.19, 95%CI 0.08-0.47), and a increase
of the monthly slope change of 17% (HRR 1.17, 95%CI 0.97-1.42). A
similar but less pronounced decrease was seen during MM, with a
statistically significant reduction in terms of level change (HRR 0.26,
95%CI 0.16-0.41), and a 7% increase of the monthly slope change
(HRR 1.07, 95%CI 1.03-1.11). The seasonality component analysis
showed statistically significant increases from autumn to spring
compared to summer (Table 3 and Figure 3A).

3.3 Mental disorders

As evident in Figure 3B, although hospitalizations in this
category underwent a substantial decrease at the start of SC,
we observed a sharp increasing trend until MM, when
hospitalization rates exceeded pre-pandemic levels. ITS analysis
(Table 3) detected in SC a statistically significant 50% reduction in
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I I
° I |
o o o | I "
] L4 | |
I I
I I
300 4 | |
I I
5 I I
I
o
N . t
o | °
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I I
I I
I I
I I
I I
i PC < sc >le— M ——>
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Date of admission

Abbreviations: PC= pre-COVID19 phase; SC= School closure phase; MM=Mitigation measures phase.

FIGURE 2
Monthly hospitalization rate any disease with line trend from ITS regression analysis. PC, pre-COVID19 phase; SC, School closure phase; MM, Mitigation
measures phase.
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TABLE 2 Interrupted time series analysis results on hospitalizations.

Variable HRR 95%Cl p-value
Level change®
SCvs. PC 0.44 0.35-0.55 <0.001
MM vs. PC 0.65 0.57-0.75 <0.001
MM vs. SC 1.48 1.18-1.87 0.001
Slope change”
SCvs. PC 1.11 1.06-1.16 <0.001
MM vs. PC 1.02 1.01-1.03 <0.001
MM vs. SC 0.92 0.89-0.95 <0.001
Time trend" 1.00 0.99-1.01 0.639
Season
Summer 1.00
Winter 1.12 1.04-1.20 0.003
Spring 1.10 1.02-1.18 0.012
Autumn 1.14 1.06-1.23 <0.001

* Level change refers to an abrupt level change of the Incidence rate between the periods;

® Slope change refers to slope change of the incidence rate over time between the periods;

¢ Time trend refers to the change of Incidence rate associated with a time unit increase. PC,
pre-COVID19 phase; SC, School closure phase; MM, Mitigation measures phase. HRR,
Hospitalization Rate Ratio; 95%CI: 95% confidence interval. Pseudo R2=0.68. MM vs. SC
contrast was manually added for interpretative purposes without p-value adjustment for
multiple comparison.

level change (HRR 0.50, 95%CI 0.30-0.82) and a borderline
statistically significant 11% increase in the monthly slope change
(HRR 1.11, 95%CI 1.00-1.23), compared to PC. Comparing MM
with the pre-pandemic situation, a 28% level change increase was
observed (HRR 1.28, 95%CI 0.98-1.69), while the monthly slope
change remained unchanged (HRR 1.01, 95%CI 0.99-1.03). Finally,
comparing MM vs. SC, we recorded a strong increase in the level
change of about 2.6 times (HRR 2.59, 95%CI 1.55-4.34). The
seasonality component analysis showed statistically significant
increases of admission during spring (HRR 1.18, 95%CI 1.00-1.40)
versus summer (Table 3 and Figure 3B).

3.4 Subgroup analysis by sex and age

We performed subgroup analyses considering gender and age
categories. Gender differences were not found for Respiratory
Diseases, whereas for Mental Disorders the increase in MM vs. PC
seemed to be significantly stronger in females vs. males (MM vs.
PC: 1.66, 1.19-2.33 wvs. 1.28, 0.98-1.69, respectively)
(Supplementary Figures S1, S2 and Supplementary Tables S4, S5).
Although incidence rates of Respiratory Diseases differed between
ages 0-5 and 12-17, HRR estimates did not exhibit relevant
Figures S3, S4 and
Supplementary Tables S6, S7). Concerning Mental Disorders, in

differences  (Supplementary
the 12-17 age subgroup, the HRR of level change in MM increased
from a non-statistically significant 1.28 (p=0.071) to a highly
statistically significant 1.66 (p<0.001), even though the slope
(HRR 1.01)
(Supplementary Figure S5 and Supplementary Table S8).

change was almost absent and identical
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TABLE 3 Interrupted time series analysis results on hospitalizations for
Respiratory Diseases and Mental Disorders categories.

Variable HRR 95%ClI p-value
Respiratory diseases
Level change®
SCvs. PC 0.19 0.08-0.47 <0.001
MM vs. PC 0.26 0.16-0.41 <0.001
MM vs. SC 1.34 0.52-3.51 0.546
Slope change”
SCvs. PC 1.17 0.97-1.42 0.099
MM vs. PC 1.07 1.03-1.11 <0.001
MM vs. SC 0.91 0.75-1.11 0.346
Time trend 1.00 0.99-1.01 0.675
Season
Summer 1.00
Winter 2.25 1.74-2.90 <0.001
Spring 1.42 1.08-1.88 0.012
Autumn 2.10 1.63-2.72 <0.001
Mental disorders
Level change”
SCvs. PC 0.50 0.30-0.82 0.006
MM vs. PC 1.28 0.98-1.69 0.071
MM vs. SC 2.59 1.55-4.34 <0.001
Slope change”
SCvs. PC 1.11 1.00-1.23 0.052
MM vs. PC 1.01 0.99-1.03 0.449
MM vs. SC 0.91 0.82-1.01 0.076
Time trend" 1.00 0.99-1.01 0.541
Season
Summer 1.00
Winter 1.06 0.90-1.26 0.474
Spring 1.18 1.00-1.40 0.053
Autumn 1.10 0.93-1.30 0.252

* Level change refers to an abrupt level change of the Incidence rate between the periods;

" Slope change refers to slope change of the incidence rate over time between the periods;

¢ Time trend refers to the change of Incidence rate associated with a time unit increase. PC,
Pre-COVID19 phase; SC, School Closure phase; MM, Mitigation Measures phase. HRR,
Hospitalization Rate Ratio; 95%CI: 95% confidence interval. Pseudo R2 for respiratory
diseases model = 0.69, for mental disorders model =0.23. MM vs. SC contrasts were manually
added for interpretative purposes without p-value adjustment for multiple comparison.

3.5 Sensitivity analyses

Supplementary Tables S9, S10 display the results of sensitivity
analyses performed excluding children aged 0-1 years old, who
represent about 38% of overall hospital admissions. Considering
both admissions for any cause and for the Respiratory Diseases
and Mental Disorders categories, sensitivity analyses did not
reveal differences sufficient to suggest that the proportion of
children aged 0 to 1year significantly skewed the results of
our analyses.
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4 Discussion

This is the first European study on the impact of COVID-19 NPIs
on the trend of pediatric hospitalizations conducted in a wide area
severely hit by the pandemic, covering an extended pandemic period
(24 months). The use of appropriate analysis through ITS regression
makes our findings and corresponding conclusions reliable. In fact,
existing research on the effects of NPIs mostly consists of modeling
studies, implying a lack of empirical, real-world data, or uses
descriptive statistics on admission trends (34).

Opverall, our results showed that the number of pediatric hospital
admissions dropped by more than 50% in the first months of the

Frontiers in Public Health

lockdown period, and then began to rise, achieving pre-pandemic
hospitalization levels only 2 years later. This considerable, long-lasting
reduction appears to be mainly determined by a decrease in the
occurrence of infectious diseases (the most frequent cause for
hospitalization in children), mainly affecting the respiratory system.
However, these results may also be due to a change in health-seeking
behaviors of parents, who might have chosen not to attend hospital
with their sick children for fear of contagion (9, 35). Moreover, the
decrease may be attributed to a tendency to avoid hospitalizing
children with minor health problems. Supporting this hypothesis is
the fact that admissions for childhood neoplasms remained constant,
suggesting that healthcare services were maintained for severe
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illnesses. A similar observation was made by Wang et al. (9), who
found a 55% reduction in admissions for all-cause respiratory diseases,
in line with our finding, and a smaller reduction in admissions for
childhood neoplasms.

Interesting results emerged from ITS analyses conducted on the
two disease categories exhibiting the largest variation, which recorded
opposite trends. For Respiratory Diseases, we observed a marked
reduction of hospitalizations which persisted throughout school
closure and for the most part of the subsequent time period when less
stringent mitigation measures were enforced, in the absence of typical
seasonal epidemic peaks. Conversely, for Mental Disorders an
immediate decline of admissions was detected in the first 2 months of
lockdown, followed by an incremental trend, on average by 11%
monthly. These trends need to be further investigated using
hospitalization data recorded in the following years, to understand
whether the effects persist, or whether at the end of the pandemic
hospitalizations return to pre-pandemic levels.

Some plausible reasons for these results exist. Regarding
Respiratory Diseases, the drop in admissions is likely to be related to
the impact of mask-wearing, hand washing, and social distancing on
the interruption of person-to-person viral or bacterial transmission,
as also discussed by Wang et al. (9). The reduction may also be partly
due to a “virus interference phenomenon” among respiratory viruses,
whereby the infection of one virus can partially prevent or inhibit the
infection of another virus in the same host (36). The contribution of
this factor is however likely to be marginal compared to the absence
of influenza epidemics and other respiratory infections following
social distancing, which has been reported and commented in the
literature (37, 38). Concerning mental health, the negative effects may
have taken longer to manifest, but once developed they may not
resolve easily even if restrictions are lifted, instead requiring much
time and specific care to be removed (3).

The results of this study can contribute to the current debate on
benefits and harms of individual NPIs, which is not a simple one, also
because it is hard to separate the impact of one measure from that of
other interventions introduced simultaneously. Concerning the
pediatric population in particular, it would be essential to elucidate
the role of school closures on the control of pandemic spread (39).
Recent reviews (12, 34, 40) suggested that measures implemented in
the school setting may have limited the number or proportion of cases
and deaths among adults, and delayed the progression of the
pandemic. This seems to contrast with a report on data from Sweden,
where school closure was only reserved for upper secondary schools,
indicating that the number of deaths per population unit was lower
than most other high-income countries that applied stringent school
closure policies (41). On the other hand, the literature also highlights
negative consequences of these measures on children’s health and
education. As reported by UNICEF (42), school closures disrupted the
provision of educational (and in some cases health and nutritional)
services, increased emotional distress and mental health problems, an
prevented access to a wide range of school-provided services,
including school meals, monitoring of health and welfare, social skills
training, and services targeted to children with special needs.
Furthermore, as schools moved online, impoverished children
experienced dramatic educational setbacks contributing to inequalities
and long-term hardship (42).

Within the current debate, our findings also highlight that
evaluating the trade-offs between positive and negative consequences
of NPI implementation during pandemics is a complex task. In
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particular, as commented above, the decrease in hospitalizations for
Respiratory Diseases after the beginning of the outbreak may be due
both to the hesitancy in attending hospitals, certainly an undesired
effect, and to the reduction of respiratory infections due to lockdown
measures, a welcome benefit.

One of the main strengths of this research lies in the use of ITS
analysis, one of the strongest evaluative designs when randomization
is not possible (15). Furthermore, the study involves numerous
hospitals, which makes results robust and increases their
generalizability. Also, analyzed data concern the first European area
hit by the pandemic, where aggressive restrictive measures were
immediately adopted since the start of the outbreak and maintained
for an extended period, are restricted to one endpoint (pediatric
COVID and non-COVID
hospitalizations. Finally, the study covers a wide timeframe, longer

hospitalizations) and include
than most similar research, which enabled to verify the impact of NPIs
in the long-term.

This study has some limitations. Firstly, data were taken from
hospital administrative databases and were not collected prospectively
for this research. However, the data quality is supposed to be similar
in the years we compared; thus, this aspect should not impact
interpretation. Secondly, we did not attempt to discriminate between
new versus recurrent hospitalizations. Such discrimination would
be important to understand whether the observed changes were due
to the onset of a new condition or to the exacerbation of existing
problems. Thirdly, since the analysis used data collected retrospectively
without formal power analysis, we cannot exclude the risk of false
negative findings in the case of low-prevalence diagnoses. Lastly,
we did not attempt to investigate the potential role of different waves
of variants of the SARS-CoV-2 virus which were predominant in the
2years covered by the study, because it was not an objective of our
research. This may have led to an overestimation of the effect of NPIs
on hospital admissions.

5 Conclusion

The results of this and other studies on the impact of COVID-19
NPIs on children provide information needed to guide and target
interventions in the event of future pandemics, and to plan the
allocation of resources where they are needed most. However, the
different plausible interpretations of our findings make it difficult to
inform about the trade-offs between benefits and negative
consequences of NPI strategies during pandemics. Rigorous research
should be conducted to understand whether the reduction in pediatric
hospital admissions we observed over a two-year period has affected
child and adolescent health. Meta-analyses are needed to quantify the
contribution to observed effects of individual mitigation actions, to
better determine the appropriateness of their introduction, timing
and intensity.
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