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Abstract
It remains unknown how Coronavirus disease-2019 (COVID-19) prevention measures implemented on March 12, 2020, have
affected the rate of pediatric infection-related hospitalizations in Denmark. Therefore, we investigated the rate of pediatric
infection—related hospitalizations during the COVID-19 pandemic. We used a retrospective cohort design and included all
Danish children < 18 years. Infection-related hospitalizations were assessed during study periods in 2020 vs. 2018/2019, and
we computed incidence rate ratios (IRRs) with 95% confidence intervals (Cls) using Poisson regression. In the 2020 study period,
3093 children were hospitalized with an infection, while the corresponding figures for 2018 and 2019 study periods were 4824
and 3830, respectively. When comparing the 2020 to the 2018/2019 study period prior to nationwide lockdown, we observed a
decline in infection-related hospitalizations (12.68 (95% CI, 12.22—13.16) vs. 15.49 (95% CI, 15.12—15.86) per 1000 person-
years). We further observed decreased IRRs, especially during the lockdown period (week 11: 0.64 (95% CI, 0.55-0.75); week
12: 0.26 (95% C1, 0.21-0.33); week 13: 0.13 (95% CI, 0.10-0.19)).

Conclusion: The rate of pediatric infection-related hospitalizations in Denmark declined during the COVID-19 pandemic in
2020 compared to that in 2018/2019, with a 36% decline during initiation of the nationwide lockdown period.

What is Known:

* Due to the COVID-19 pandemic, several countries have implemented mitigation strategies such as lockdown of non-critical business functions. Most of
these strategies have previously been proven effective on interruption of infection transmission.

* It remains unclear how the mitigation strategies have affected the rate of pediatric infection—related hospitalizations.

What is New:
* Insight on how COVID-19 prevention measures have affected the frequency of infection-related hospitalization.
* Valuable knowledge on how to act in potential future pandemics.
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Abbreviations
ATC Anatomical Therapeutic Chemical
ClIs Confidence intervals

COVID-19 Coronavirus disease-2019

ICD-10 International Classification of
Diseases, 10th Edition

IRRs Incidence rate ratios

PY Person-years

RSV Respiratory syncytial virus
SARS-CoV-2 Severe acute respiratory

syndrome coronavirus 2
Introduction

In the effort of containing the ongoing pandemic caused by
Coronavirus disease-2019 (COVID-19), all non-critical busi-
ness functions and both public and private childcare systems
including nurseries, kindergarten, and schools in Denmark
were locked down on March 12, 2020 [1]. Studies have re-
ported that COVID-19 rarely requires hospitalization among
children compared to adults, which is surprising considering
that infections are the main cause of morbidity and mortality
among children and account for approximately 80% of all
pediatric hospitalizations [2-6]. However, evidence from pri-
or influenza outbreaks suggests that children may play an
important role in the transmission of COVID-19, thus
underscoring the importance of educating children and parents
on social distancing and proper hygiene measures, which are
recognized factors in prevention of infection transmission
[7-9]. Considering the limited literature on how such large-
scale mitigation strategies may affect various infections, it
remains unknown if the rate of infection-related hospitaliza-
tions among children has been affected [6, 9]. Together with
the increased focus on hygiene and social distancing, the fear
of contracting COVID-19 may play a role in lowering hospi-
talization rates in that parents may refrain from seeking med-
ical care despite having an ill child, as hypothesized by others
[10—12]. On the contrary, mass media reports on the ongoing
pandemic may induce negative behavior in some parents caus-
ing them to lower their threshold for seeking medical care
[13]. Likewise, it could be speculated that clinicians may tend
to hospitalize more children for observation than they usually
do in fear of missing severe infections.

Therefore, we aimed to investigate the rate of
infection-related hospitalizations in the Danish pediatric
population during the COVID-19 pandemic using Danish na-
tionwide register data. As a control, we also investigated the
rate of epilepsy-related hospitalizations, which is one of the
most frequent chronic diseases among children, and we
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hypothesized that it would not be affected by the COVID-19
prevention measures.

Material and methods
Study design, population, and period

We conducted a nationwide register-based retrospective co-
hort study including all children < 18 years in Denmark who
were alive at index date (January 2, 2018, January 2, 2019,
and January 2, 2020) and were hospitalized due to an
infection.

Registers, covariates, and definitions

At birth or time of immigration, all Danish citizens are assigned
a unique personal identification number registered in the
Danish Civil Population Register [14], which is used in all
healthcare contacts facilitating confidential linkage between
registers in Denmark. From this register, we included data on
date of birth and sex. Data on vital status was obtained from the
Danish Register of Causes of Death [15]. International
Classification of Diseases, 10th Edition (ICD-10) codes from
all infection- and epilepsy-related hospitalizations were re-
trieved from the Danish National Patient Register [16]. From
the Danish National Prescription Register [17] containing data
on filled prescriptions from all Danish pharmacies since 1995,
we obtained data on filled drug prescriptions based on
Anatomical Therapeutic Chemical (ATC) codes.

Using ICD-10 codes, we identified comorbidities including
asthma, diabetes, urinary incontinence, chronic kidney dis-
ease, liver disease, rheumatic disease, and malignancy diag-
nosed prior to index date. Using ATC codes, we identified
filled prescriptions for antidiabetics, drugs for urinary incon-
tinence, inhalants for obstructive airway disease, and anti-
inflammatory drugs such as corticosteroids within 90 days
prior to the index date. Furthermore, we identified filled pre-
scriptions for antibiotics within 7 days prior to index date.
Children filling prescriptions for antidiabetics or drugs for
urinary incontinence were defined as having diabetes and uri-
nary incontinence accordingly (see Supplementary eTable 1
for a complete list of ICD-10 and ATC codes).

We compared data for three overall and one lockdown
study period. The three overall study periods comprised
January 2, 2018-April 3, 2018; January 2, 2019-April 3,
2019; and January 2, 2020—April 2, 2020. The lockdown
study period was from March 12, 2020 to April 2, 2020, and
the comparison periods were from March 12, 2018 to April 2,
2018 and March 12, 2019 to April 2, 2019.
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We defined infection-related hospitalizations as children
admitted to the hospital due to an infection. Children, who
were hospitalized due to another cause and developed an in-
fection during the hospitalization, were not included.

Outcome

Our main outcome was infection-related hospitalizations last-
ing more than 24 h. We included systemic, central nervous
system, ear, respiratory, gastrointestinal, urological, and skin
infections. Respiratory-related hospitalizations were further
stratified by the type of agent including influenza virus, respi-
ratory syncytial virus (RSV), COVID-19, bacterial, and other
unspecified agents. In addition, we investigated epilepsy-
related hospitalizations lasting more than 24 h during the same
study periods. We included this chronic disease as a control,
because we hypothesized that the rate of hospitalizations due
to epilepsy would not change during the COVID-19 pandemic
as opposed to infections. Finally, to ensure that a change in
infection-related hospitalization rates was not driven by all-
cause mortality, we investigated this as a secondary outcome
(see Supplementary eTable 2 for a complete list of ICD-10
codes). Children were followed from the index date to the date
of hospitalizations, date of death, or date of exit (April 3,
2018; April 3, 2019; or April 2, 2020).

Definition of data and statistical analysis

Categorical variables were reported as counts with corre-
sponding percentages and continuous variables as medians
with 25th and 75th percentiles. To maintain confidentiality,
observations < 3 will be reported as < 3 and not as actual
numbers.

First, we reported baseline characteristics of children hos-
pitalized due to an infection as well as the number of first-time
infection-related hospitalizations by weeks during the study
periods. Here, children could only be included once per study
period, but could appear in multiple study periods; e.g., a child
could be hospitalized with an infection in 2019 and in 2020.
Second, we reported the number of infection-related hospital-
izations by infection type and weeks counting from the index
date during the study periods. Here, children could only be
included once per ICD-10 code in each study period, but could
appear with multiple infection types and in multiple study
periods; e.g. a child could be hospitalized with an RSV infec-
tion in 2019 and later an influenza infection in 2019. Third, we
estimated rates for the first 10 weeks prior to nationwide lock-
down and for the 3 weeks during nationwide lockdown for
2018/2019 and 2020 study periods. In addition, using Poisson
regression analysis, we computed crude incidence rate ratios
(IRRs) with 95% confidence intervals (CIs) for each week
during the 2020 study period compared to that during the
2018/2019 study period, which served as reference. Finally,

we calculated the rate of all-cause mortality for weeks 1-10
and 11-13 during the study periods.

As subanalyses, we calculated crude IRRs for all infection-
related hospitalizations stratified according to age < 6 years
and > 6 years. We chose these age groups because children
start school at age 6 years in Denmark. Furthermore, we re-
ported the number of children with a first-time epilepsy-relat-
ed hospitalization during the study periods, and using Poisson
regression analysis, we computed IRRs with 95% CIs for each
week during the 2020 study period compared to that during
the 2018/2019 study period, which served as reference.

Data management was conducted using SAS version 9.4
(SAS Institute, Inc., Cary, NC, USA) and data analysis using
R version 3.6.1 (R Foundation for Statistical Computing,
Vienna, Austria).

Ethics

In Denmark, register-based studies do not require ethical com-
mittee approval or patient consent. Approval to use the data
sources for research purposes was granted by the data respon-
sible institute in the Capital Region of Denmark in accordance
with the General Data Protection Regulation (GDPR) approv-
al number P-2019-191.

Results
Patients and characteristics

During the 2018, 2019, and 2020 study periods, we included
1,147,884; 1,142,993; and 1,139,333 children, respectively
(Table 1). Overall, the baseline characteristics of children hos-
pitalized due to an infection during the study periods were
similar, with a median age of approximately 2 years and the
majority being male. In the 2018 study period, 4824 children
were hospitalized with an infection, where 6% suffered from
asthma, 14% filled prescriptions for inhalants for obstructive
airway disease, and 9% filled prescriptions for antibiotics.
Correspondingly, of the 3830 children hospitalizations during
the 2019 study period, 6% suffered from asthma, 11% filled
prescriptions for inhalants for obstructive airway disease, and
9% filled prescriptions for antibiotics. Finally, of the 3093
children hospitalized during the 2020 study period, 6% suf-
fered from asthma, 11% filled prescriptions for inhalants for
obstructive airway disease, and 3% filled prescriptions for
antibiotics.

Infection-related hospitalizations
Among the 3093 children hospitalized in the 2020 study pe-

riod, we identified 3241 infection-related hospitalizations,
while the corresponding figures for 2018 and 2019 study
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Table 1 Baseline characteristics

of children hospitalized due to an Characteristics Overall study period (January—April)

infection during the three

study periods 2018 2019 2020
Danish pediatric population 1,147,884 1,142,993 1,139,333
Number of first-time hospitalizations 4824 3830 3093
Age, years 1.6 (0.7,5.5) 1.5(0.8, 3.0) 1.5(0.7,3.9)
Males 2562 (53.1) 2171 (56.7) 1775 (57.4)
Asthma 290 (6.0) 211 (5.5) 171 (5.5)
Diabetes 19 (0.4) 17 (0.4) 12 (0.4)
Urine incontinence 49 (1.0) 6(0.2) 16 (0.5)
Chronic kidney disease 87 (1.8) 37 (1.0) 33(1.1)
Liver disease 13 (0.3) 11(0.3) 13 (0.4)
Rheumatic disease 45 (0.9) 19 (0.5) 16 (0.5)
Malignancy 26 (0.5) 24 (0.6) 19 (0.6)
Inhalants for obstructive airway disease 684 (14.2) 427 (11.1) 353 (11.4)
Anti-inflammatory drugs 145 (3.0) 83 (2.2) 55(1.8)
Antibiotics 442 (9.2) 327 (8.5) 102 (3.3)

periods were 5058 among 4824 children and 4007 among
3830 children, respectively (Table 2). Overall, the number of
infection-related hospitalizations declined in the 2020 study
period relative to 2018 and 2019 study periods (Fig. 1a).

Table 2  Characteristics of infection type during the three study periods

Infection type 2018 (n=5058) 2019 (n=4007) 2020 (n=3241)

Overall study period (January—April)

Respiratory 3127 (61.8) 2712 (67.7) 2560 (79.7)
Influenza virus 175 (5.6) 232 (8.6) 241 (9.4)
RSV 741 (23.7) 516 (19.0) 473 (18.5)
SARS-CoV-2  0(0.0) 0 (0.0) 14 (0.5)
Bacterial 144 (4.6) 102 (3.8) 66 (2.6)
Unspecified 2067 (66.1) 1862 (68.7) 1766 (69.0)
Gastrointestinal 871 (17.2) 1121 (28.0) 477 (14.8)
Other” 1060 (21.0) 174 (4.3) 177 (5.5)

2018 (n =1065) 2019 (n=1143)
Lockdown period (March—April)

2020 (n = 380)

Respiratory 576 (54.1) 613 (53.6) 285 (75.0)
Influenza virus 50 (8.7) 18 (2.9) 34 (11.9)
RSV 93 (16.1) 107 (17.5) 32(11.2)
SARS-CoV-2 0 (0.0) 0 (0.0) 4(1.4)
Bacterial 26 (4.5) 23 (3.8) 10 (3.5)
Unspecified 407 (70.7) 465 (75.9) 205 (71.9)
Gastrointestinal 246 (23.1) 489 (42.8) 59 (15.5)
Other” 243 (22.8) 41 (3.6) 36 (9.5)

Abbreviations: RSV respiratory syncytial virus, SARS-CoV-2 severe acute
respiratory syndrome coronavirus 2

A Including central nervous system, ear, skin, and urological infections
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Correspondingly, respiratory infections that were the most
frequent cause of hospitalization during all three study
periods declined in the 2020 study period. The most
pronounced decline occurred after week 11, where the
nationwide lockdown period was initiated (Fig. 1b). A
less pronounced decline was observed for gastrointesti-
nal infections (Fig. 1c¢).

Among all infection-related hospitalizations in the 2020
study period, respiratory and gastrointestinal infections com-
prised a total of 80% and 15% of the hospitalizations, respec-
tively (Table 2). In the 2019 study period, respiratory and
gastrointestinal infections comprised a total of 68% and 28%
of the hospitalizations, respectively. In 2018, respiratory and
gastrointestinal infections comprised a total of 62% and 17%
of'the hospitalizations, respectively. Of recognized respiratory
infection agents, RSV was the most frequent during all study
periods, whereas 14 hospitalizations were due to COVID-19
infections in 2020 (Table 2).

Comparison of the rate of infection-related
hospitalizations

Prior to the nationwide lockdown (weeks 1-10) in 2020, the
rate of infection-related hospitalizations was 12.68 (95% CI,
12.22-13.16) per 1000 person-years (PY). During the 2020
lockdown period (week 11-13), the rate declined substantially
to 5.01 (95% CI, 4.49-5.58) per 1000 PY. In the 2018/2019
study period, no substantial decline was observed (prior to:
15.49,95% CI, 15.12-15.86 per 1000 PY; during: 14.21;95%
CI, 13.58-14.87 per 1000 PY).

Compared to the 2018/2019 study period, we observed a
significant decrease in IRRs from week 4 in the 2020 study
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a First-Time Infection-Related Hospitalization

b Respiratory Infection-Related Hospitalizations
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Fig. 1 Rates of infection-related hospitalizations, where children can
appear only once per study period (a), respiratory infection-related
hospitalizations, where children can appear multiple time per infection

period, with the most pronounced decrease during the lock-
down period (week 11: 0.64, 95% CI, 0.55-0.75; week 12:
0.26, 95% CI, 0.21-0.33; week 13: 0.13, 95% CI, 0.10-0.19)
(Fig. 2).

For baseline characteristics during the lockdown study pe-
riods, see Supplementary eTable 3.

Rate of all-cause mortality

In the 2020 study period, no difference was observed when
comparing all-cause mortality rates prior to lockdown (0.10,
95% CI, 0.07-0.15 per 1000 PY) and during lockdown (0.15,
95% CI, 0.08-0.28 per 1000 PY). In the 2018/2019 study
period, similar trends were observed (weeks 1-10: 0.14,
95% CI, 0.11-0.18 per 1000 PY; weeks 11-13: 0.16, 95%
CIL 0.10-0.25 per 1000 PY)

Subanalyses

When stratifying infection-related hospitalizations by age < 6
or > 6 years, we observed similar trends as in the main analysis
(see Fig. S1 in the Supplementary information).

As a measure of hospitalizations due to chronic diseases,
we identified a total of 252, 319, and 293 children being hos-
pitalized due to epilepsy in the 2018, 2019, and 2020 study
periods, respectively. Compared to the 2018/2019 study peri-
od, we did not observe any differences in IRRs except for in

type (b), and gastrointestinal infection-related hospitalizations, where
children can appear multiple time per infection type (¢) by weeks
stratified by years

week 12 in the 2020 study period (0.21, 95% CI, 0.08-0.59)
(see Fig. S3 in the Supplementary information).

Discussion

In this study, we found that less children were hospitalized due
to an infection during the 2020 study period compared to the
2018 and 2019 study periods. Baseline characteristics for chil-
dren hospitalized due to an infection were similar, with a me-
dian age of approximately 2 years and the majority being
male. Furthermore, the rates of infection-related hospitaliza-
tions were lower during the 2020 study period compared to
the other study periods. Especially, after week 11 in the 2020
study period, in which the nationwide lockdown period was
initiated, the infection rate decreased by 36%. Respiratory
infections were the most frequent cause of hospitalization,
with RSV being the most frequent agent. Of note, all-cause
mortality rate was similar during the study periods, and no
increase was observed when comparing rates prior to and
during the nationwide lockdown period.

Similar to our findings, other studies have reported a de-
crease in the rate of infection-related hospitalizations after the
initiation of lockdown [6]. Our findings support that a nation-
wide lockdown may interrupt infection transmission, not only
for COVID-19 but also for other severe infections [6, 18].
However, our study design did not allow for analysis of
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Fig. 2 Incidence rate ratios for Weeks From 2018/19
infection-related hospitalizations January 2, 2020 (Reference) IRR (95% CI) P value
for each week during the 2020 ‘
study period compared to that 1 o 1.02 (0.87-1.20) 0.779
during the 2018/2019 study | ' ' ' '
period, Abbreviations: CI 2 3 0.95 (0 83-1 10) 0.515
confidence interval, IRR | ' ' ' ’
incidence rate ratio 3 o 0.95 (0.83-1.08) 0.444
|
4 e 0.83 (0.73-0.95) 0.007
5 —— 0.67 (0.59-0.77) <0.001
|
6 —— | 0.78 (0.68-0.89) <0.001
|
7 —— [ 0.72 (0.62-0.83) <0.001
[
8 —— | 0.84 (0.73-0.97) 0.019
|
9 —— : 0.77 (0.66-0.89) <0.001
10 —— : 0.76 (0.66-0.88) <0.001
11 | 0.64 (0.55-0.75) <0.001
|
12 | 0.26 (0.21-0.33) <0.001
|
13 | 0.13 (0.10-0.19) <0.001
| | i |
0.10 0.50 1.00 1.50

possible negative secondary consequences of COVID-19 pre-
vention measures such as school closure and social distancing
as suggested in other studies [7, 19-21]. Of note, the frequen-
cy of hospitalized children with comorbidities did not appear
to differ between study periods. In these times, this is an im-
portant notion, as parents of children with chronic diseases
such as asthma tend to show concerns and anxiety on whether
their child may be more prone to contract severe COVID-19
infection requiring hospitalization.

Because epilepsy is another common cause of hospitaliza-
tion among children, we used this as a proxy measure to in-
vestigate whether chronic diseases may also have been affect-
ed by the COVID-19 prevention measures. However, we did
not find a similar downward trend in hospitalization rates
when comparing the study periods. Although this was not
surprising, the fear of contracting COVID-19 infection could
have refrained parents from seeking medical care and man-
aged seizures at home.

We investigated both highly transmissible and seasonal
infections such as respiratory and gastrointestinal infections
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as well as infections less likely to be transmissible such as
skin and urological infections. As hypothesized, respiratory
and gastrointestinal infection—related hospitalizations de-
creased substantially during the 2020 study period compared
to those during the 2018 and 2019 study periods. However, it
was surprising that the distribution of infection type during the
2020 study period was skewed toward respiratory considering
findings from three recent studies reporting that respiratory
infections were significantly lower during the 2019/2020 sea-
son compared to the 2018/2019 season [6, 9, 22]. The latter is
supported by a recent report from the Danish Heath
Authorities [23].

Among the 3241 infection-related hospitalizations in the
2020 study period, we identified 14 COVID-19 infections.
In the context of the COVID-19 pandemic, prior studies stated
that COVID-19 and influenza virus may have similar trans-
mission mode and virulence causing speculations on whether
influenza virus activity may be used as a proxy for COVID-19
surveillance [6, 9]. Considering that COVID-19-infected chil-
dren rarely develop severe illness requiring hospitalization
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together with the fact that we only investigated infections
requiring hospitalization, our study design did not allow us
to explore whether the rate of COVID-19 infections in chil-
dren decreased during the 2020 study period, particularly dur-
ing the nationwide lockdown period [4, 24]. However, based
on advice from the Danish Health Authorities, the Danish
government initiated a plan for a graduate reopening of the
society such as nurseries, kindergarten, and primary schools
on April 14,2020, in parallel with flattening of the COVID-19
infection curve [1].

Although interruption of the infection transmission caused
by the nationwide lockdown is an important factor in
explaining our findings, several other factors may also have
an important role. Clinicians may have improved their ability
to determine which patients require urgent hospitalization and
which can be managed as outpatients. In addition, parents may
avoid seeking medical care due to the risk of contracting
COVID-19 infection or because they simply do not want to
overburden the healthcare system [10, 11]. However, as the
mortality rate did not differ substantially between the study
periods, it seems less likely that parents refrained from seeking
medical care if their child was severely ill. Secondary to re-
duce the amount of acute infections requiring hospitalization
and thereby not overburdening the healthcare system, the
COVID-19 prevention measures may also have positive
long-term implications in that acute infections predispose chil-
dren to chronic diseases [25]. Thus, by educating children in
proper hygienic measures and social distancing, it is possible
that the incidence of chronic diseases among some children
will decline. Further studies exploring the role of various pre-
vention efforts such as nationwide lockdown during the
COVID-19 pandemic on other pediatric conditions are war-
ranted [7]. Finally, considering that baseline characteris-
tics such as median age, sex, and comorbidities were
similar across study periods, it seems less likely that
these factors have influenced the number of infection-
related hospitalizations.

Our study was limited by its observational design in that
unmeasured confounding factors may have affected findings.
Our registers do not contain data on clinical signs and symp-
toms, blood tests, or cultures. Although vaccines for the most
common and severe pediatric infections are part of the free
childhood immunization schedule in Denmark, they are not
mandatory, and we did not have access to data on whether
children had received all the recommended vaccines. Only
children hospitalized for a minimum of 24 h were included,
and often, children are hospitalized for shorter periods or treat-
ed and observed in the emergency department. This may un-
derestimate the rate of infections and epilepsy potentially re-
quiring hospitalization to a pediatric department in our study.
Furthermore, due to the sample size, we were not able to
stratify according to age groups. Finally, we had only access
to data from the acute phase of the COVID-19 pandemic. As

such, knowledge on long-term consequences on the
healthcare system of the COVID-19 pandemic remains un-
clear [26]. In conclusion, the rate of all infection-related hos-
pitalizations among children in Denmark declined during the
COVID-19 pandemic in 2020 compared to that in 2018/2019,
with a decline of 36% during initiation of the nationwide lock-
down period. In contrast, the rate of epilepsy-related hospital-
izations did not differ when comparing the study periods. This
indicates that although some parents may refrain from seeking
medical care due to the fear of contracting COVID-19 infec-
tion, proper hygiene measure and social distancing could have
positive secondary consequences on the rate of other infec-
tions among the pediatric population.
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