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Abstract
has spread rapidly around the world.

admission course for children transported by ambulance.

COVID-19 pandemic in 2020.

Background: Coronavirus disease 2019 (COVID-19), caused by Severe Acute Respiratory Syndrome Coronavirus 2,
Objective: To assess the effect of the COVID-19 pandemic on the emergency medical service (EMS) and hospital

Methods: This study was a retrospective, descriptive study with a study period from January 1, 2018 to December 31,
2020 using the Osaka Emergency Information Research Intelligent Operation Network (ORION) system. All children
who were transported by ambulance in Osaka Prefecture were included. The main outcome of this study was the rate
of difficult-to-transfer cases, which was calculated by univariate and multivariate Poisson regression analyses.

Results: Over the 3 years between January 1, 2018 and December 31 2020, 1,436,212 patients were transported to
hospitals by ambulances in Osaka Prefecture, with children accounting for 102,473 (37,064, 39,590, and 25,819, in
2018, 2019, and 2020, respectively). Poisson regression analysis showed that children were negatively associated with
difficult-to-transfer cases (risk ratio (RR) 0.35, 95% Cl 0.33 to 0.37). With reference to 2018, 2020 was not significantly
associated with difficult-to-transfer cases in children (RR 1.14, 95% C1 0.99 to 1.32, P=0.075), but was significantly
related (RR 1.24,95% Cl 1.21 to 1.27, P <0.001) to difficult-to-transfer cases in the general population.

Conclusion: Children were consistently associated with a reduced RR for difficult-to-transfer cases, even in the

Keywords: COVID-19, Children, Difficult-to-transfer cases, Pandemic

Introduction

Coronavirus disease 2019 (COVID-19), causedby Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2), was identified in China in December 2019, and
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the COVID-19 outbreak spread rapidly around the world
[1]. On March 11, 2020, the World Health Organization
(WHO) declared COVID-19 a pandemic.

Children with COVID-19 tend to have a milder clini-
cal course than adults, and the clinical manifestations
in children are heterogeneous, with a wide spectrum of
clinical features [2—5]. The WHO recommends testing all
suspected cases, but children with COVID-19 may not
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meet all the criteria of the suspected case definition. [6,
7]

A previous study in Osaka city showed a similar pro-
portion of children transported by the emergency medi-
cal service (EMS) system to that seen in other countries,
about 4% to 13% [8-—10]. Our previous study showed
about a 10% reduction in EMS service use in the overall
population, including elderly patients, in 2020, possibly
due to the COVID-19 pandemic [11]. However, EMS ser-
vice studies related to the COVID-19 pandemic and chil-
dren have been scarce.

Presently, to the best of our knowledge, no clinical
studies of the effect of the COVID-19 outbreak and trans-
port of children by the EMS system have been published.

This study aimed to assess the effect of the COVID-19
pandemic on the transport by ambulance of children by
the EMS system in Osaka Prefecture.

Methods

The emergency medical service (EMS) system in Japan
When emergency patients call for EMS at the scene, on-
scene EMS personnel assess the patient’s condition and
then transport the patient to a hospital that can accept
and treat the patient [12]. Only after obtaining permis-
sion from the selected hospital via a phone call, ambu-
lances can transport the patient to the hospital [12]. All
expenses are covered by local governments, and there
is no charge to the patient for care and transportation.
Recently, especially COVID-19 pandemic started, the
number of cases of emergency patients’ transportation to
a hospital by EMS has been increasing and exceeding the
hospital capacity. Therefore, it has been increasing cases
of refusal to provide emergency transportation.

Study design and setting

This was a retrospective, descriptive study with a study
period from January 1, 2018 to December 31, 2020 using
the Osaka Emergency Information Research Intelligent
Operation Network (ORION) system [13]. Osaka Pre-
fecture is the largest metropolitan community in west-
ern Japan, with a population of about 8.8 million and a
total area of 1905 km [2]. The Osaka Prefecture Gov-
ernment has developed and introduced an information
system for emergency patients (the ORION system)
that uses a smartphone application for hospital selec-
tion by on-scene emergency medical service personnel
and has been collecting all ambulance records. Medical
institutions have obtained information on the diagnoses
and outcomes of patients transported to medical insti-
tutions, and the ORION system has merged these data
with ambulance records, including smartphone applica-
tion data, since January 2015. To assess the effect of the
COVID-19 pandemic on the EMS system, this study
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focused on children transported by ambulance in Osaka
Prefecture (Fig. 1). The children were divided into four
age groups: infant (0 years); toddler (1-4 years); child-
hood (5-9 years); and adolescent (10—14 years). The pre-
sumptive diagnosis and the final diagnosis if the patients
were admitted, with the International Classification of
Diseases, 10th Revision (ICD-10), were used [14]. Data
were collected using ICD-10 codes: Infectious and para-
sitic diseases, AO0O to B99; Neoplasms, C00 to D48; Endo-
crine, nutritional and metabolic diseases, EO0 to E90;
Mental and behavioral disorders, FOO to F99; Diseases
of the nervous system, GOO to G99; Diseases of the eye
and the ear, HOO to H95; Diseases of the nervous system,
100 to 199; Diseases of the respiratory system, JOO to J99;
Diseases of the digestive system, KOO to K93; Diseases of
the skin and subcutaneous tissue, LO0 to L99; Diseases
of the musculoskeletal system and connective tissue,
MO0 to M99; Diseases of the genitourinary system, NOO
to N99; Congenital diseases, Q00 to Q99; Symptoms,
signs and abnormal clinical and laboratory findings, ROO
to R99; Injury and poisoning, SO0 to T98. ICD-10 codes
000 to 099 and P00 to P96 were excluded because these
codes were defined as pregnancy-related cases (pregnant
patients). Data for ‘COVID-19” were collected using ICD-
10 code U07.1, and data for ‘COVID-19 suspected’ (if the
virus was not identified) were collected using ICD-10
code U07.2.

This study excluded patients who were not transported
to a hospital. The ambulance records in Osaka Prefec-
ture are considered administrative records, and the need
to obtain informed consent from the participants was
waived because the data were anonymous. This study was
approved by the Ethics Committee of Osaka Medical and
Pharmaceutical University (Takatsuki City, Japan) (refer-
ence number 2021-006). The Strengthening the Report-
ing of Observational studies in Epidemiology (STROBE)
guidelines were used to design and report the results of
this study [15].

Data collection and quality control

The ORION system uses a smartphone app for hospital
selection by on-scene EMS personnel and it has been
accumulating all ambulance records. Data were uni-
formly collected using specific data collection forms and
included the reason for the ambulance call, location of
the accident, the time of day and the day of the week, and
tools used, in addition to age, sex, and ICD-10 code. The
detailed situation and patient information were recorded
in text form. These data were completed by EMS person-
nel and then transferred to the information center in the
Osaka Municipal Fire Department (OMFD). Medical
institutions have registered information on the diagno-
sis and outcome of emergency patients transported to
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Dispatched ambulances in Osaka Prefecture between 2018 and 2020
N = 1,436,212

— Interhospital transport

Exclusion

n = 89,755

Number of patients transported by ambulances in Osaka Prefecture between
2018 and 2020
N = 1,346,457

Adult patients >15 years
n= 1,248,899

Infants <1 year
n=9,090

Childhood 5-9 years
n=22472

Toddlers 1-4 years
n=47,561

Adolescent 10-14 years
n= 18,435

Fig. 1 Patient flow in this study. All pediatric patients aged less than 15 years were included and then divided into four groups by age

medical institutions, and the ORION system has merged
these data with the respective ambulance records and
smartphone app data. To assure the quality of the data, if
the data were incomplete, the data sheet was supposed to
be returned to the relevant EMS personnel to correct it.

Outcomes

The primary outcome of this study was the rate of dif-
ficulty obtaining hospital acceptance for transfer of a
patient (difficult-to-transfer cases). According to the
guidelines of the Fire and Disaster Management Agency
of the Ministry of Internal Affairs and Communica-
tions, “difficult-to-transfer cases” were defined as those
in which the time interval from arrival at the scene to
departure from the scene was longer than 30 min, and
those in which ambulance crews needed to make four
or more phone calls to hospitals before obtaining hospi-
tal acceptance. In addition, disposition at the emergency
department (ED), such as emergency admission, dis-
charged to home, transfer to other hospital, and death at
the ED, was also collected.

Data analysis
The number of patients transported by ambulance
due to any cause except interhospital transport was

calculated for the year from January 1 to December 31,
2020. Patient demographics were compared among the
three years using the x? test for categorical variables
and the Kruskal-Wallis test for continuous variables.
For comparison purposes, the numbers of patients
transported by ambulance for the same reasons per
year from January 1 to December 31, 2018 and January
1 to December 31, 2019 were also collected. In addi-
tion, Poisson regression analysis with a robust stand-
ard error estimator was used to calculate the rate of
difficulty of hospital acceptance of patients, and then
the risk ratio (RR) for difficult-to-transfer cases and
the 95% confidence interval (CI) were calculated with
2018 as the reference. Then, the adjusted RR and 95%
CI of difficult-to-transfer cases by month, time of trans-
portation, day of week, COVID-19 suspected during
transportation, and children were estimated using mul-
tivariate analyses.

All data were analyzed using SPSS version 25.0 soft-
ware (IBM Corp., Armonk, NY, USA) or STATA (ver-
sion 16.1; Stata Corp., College Station, TX, USA). All
tests were two-tailed, and p-values <0.05 were consid-
ered significant.
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Results

Baseline characteristics

For 3 years between January 1, 2018 and December31,
2020, 1,436,212 patients were transported to hospitals
by ambulances in Osaka Prefecture. Of them, 1,346,457
were enrolled in this study. Excluded were 89,755
patients who were transferred to a different hospital. By
year, 462,773 patients in 2018, 468,697 patients in 2019,
and 414,987 patients in 2020 were transported to hos-
pitals by ambulances (Table 1), with the total number of
children (0—14 years old) being 97,558 (35,314, 37,547,
and 24,697, in 2018, 2019, and 2020, respectively,
P <0.001). In addition, the total number of infants was

Table 1 Demographic characteristics of transported patients

Page 4 of 10

9,090 (3,290, 3,375, and 2,425, in 2018, 2019, and 2020,
respectively). Table 1 shows other baseline characteris-
tics of the pediatric patients transported to hospitals by
ambulances in Osaka Prefecture. Figure 1 displays the
flow diagram of this study.

It was difficult to obtain hospital acceptance for trans-
fer of a total of 1,147 pediatric patients (397, 433, and
317, in 2018, 2019, and 2020, respectively, P=0.179)
(Table 2).

Table 2 also shows the disposition at the ED.

The number of children who were suspected to have
COVID-19 during transportation was 43 (4 infants, 20

Year 2018 2019 2020 Total P value
Number of Patients 462,773 468,697 414,987 1,346,457 <0.001
Age, median (IQR) 69.0(38) 70.0(38) 71.0(35) <0.001
Sex (male), % 234,542 (50.7) 236,661 (50.5) 210,334 (50.7) 681,537 (50.6) 0111
Age, median (IQR) 67.0 (38) 67.0 (38) 69.0 (34) <0.001
Children, % 35314 (7.6) 37,547 (8.0) 24,697 (6.0) 97,558 (7.3) <0.001
Age, median (IQR) 30(7) 3.0(7) 40 (7) <0.001
Adult, % 166,402 (36.0) 164,722 (35.1) 143,740 (34.6) 474,864 (35.3) <0.001
Age, median (IQR) 43.0 (26) 440 (26) 45,0 (26) <0.001
Elderly patients, % 261,057 (56.4) 266428 (56.8) 246,550 (59.4) 774,035 (57.5) <0.001
Age, median (IQR) 80.0(12) 80.0(12) 80.0(12) <0.001
Children age category <0.001
Infant, % 3,661 (9.9) 3,790 (9.6) 2,641 (10.2) 10,092 (9.9)
Toddler, % 17,964 (48.5) 19,803 (50.0) 11,873 (46.0) 49,640 (48.4)
Childhood, % 8,508 (23.0) 8,879 (22.4) 6,146 (23.8) 23,533 (23.0)
Adolescent, % 6,931 (18.7) 7,118 (18.0) 5,159 (20.0) 19,208 (18.7)
Reason for transportation (Children)
Infectious and parasitic diseases, % 2,009 (5.8) 2,602 (7.0) 1,065 (4.4) 5676 (5.9) <0.001
Neoplasms, % 59(0.2) 56(0.2) 57(0.2) 172 (0.2) 0.052
Endocrine, nutritional, and metabolic diseases, % 253 (0.7) 251(0.7) 167 (0.7) 671 (0.7) 0.713
Mental and behavioral disorders, % 430(1.3) 389 (1.1) 267 (1.1) 1,086 (1.1) 0.056
Diseases of the nervous system, % 912 (2.7) 1,018 (2.7) 892 (3.7) 2,822 (2.9) <0.001
Diseases of the eye and the ear, % 152 (0.4) 164 (0.4) 87 (04) 403 (0.4) 0.224
Diseases of the circulatory system, % 200 (0.6) 238 (0.6) 190 (0.7) 662 (0.6) 0.199
Diseases of the respiratory system, % 4224 (12.3) 4,798 (12.9) 2,252 (9.3) 11,274 (11.8) <0.001
Diseases of the digestive system, % 858 (2.5) 921 (2.5) 712(2.9) 2,491 (2.6) 0.001
Diseases of the skin and subcutaneous tissue, % 349 (1.0) 380 (1.0) 229 (0.9) 958 (1.0) 057
Diseases of the musculoskeletal system and connective tissue, % 404 (1.2) 458 (1.2) 350 (1.4) 1,212 (1.3) 0.011
Diseases of the genitourinary system, % 130 (0.4) 134 (0.4) 145 (0.6) 409 (04) <0.001
Congenital diseases, % 23(0.1) 32(0.1) 23(0.1) 78 (0.1) 0.441
Symptoms, signs, and abnormal clinical and laboratory findings, % 9,925(28.8) 11,171 30.1) 6,276 (25.8) 27,372 (285) <0.001
Injury and poisoning, % 14,542 (42.2) 14,536 (39.2) 11,676 (47.9) 40,754 (42.5) <0.001

Children, 0-14 years; Adults, 15-64 years; Elderly patients, > 65 years
Infant, 0 years; Toddler, 1-4 years; Childhood, 5-9 years; Adolescent, 10-14 years

Determined by the x? test for categorical variables and Kruskal-Wallis test for continuous variables

Abbreviation: IQR interquartile range
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Table 2 Difficult-to-transfer cases for children and hospital course

Year 2018 2019 2020 Total P value
All 35314 37,547 24,697 97,558

Not difficult-to-transfer cases, % 34,917 (98.9) 37,114 (98.9) 24,380 (98.7) 96,411 (98.8) 0.179
At the scene > 30 min 583 (1.7) 635 (1.7) 358 (14) 1576 (1.6)

>4 phone calls 704 (2.0 651 (1.7) 514 (2.1) 1869 (1.9
Difficult-to-transfer cases, % 397 (1.1) 433 (1.2) 317 (1.3) 1147 (1.2)

Disposition at the ED <0.001
Admission, % 5,708 (16.2) 6,186 (16.5) 4,467 (18.1) 16,361 (16.8)

Home, % 29,385 (83.2) 31,143 (83.0) 20,063 (81.2) 80,591 (82.6)

Transfer, % 178 (0.5) 172 (0.5) 133 0.5 483 (0.5)

Death, % 42 0.1) 45 0.1) 34 0.1 121 0.1

Determined by the x? test for categorical variables

toddlers, 8 childhoods, and 11 adolescents). Of these
43, only one adolescent was a difficult-to-transfer case.

Outcomes and adjusted analyses

The RR of difficult-to-transfer cases for pediatric patients
in 2020 was not significant with reference to 2018 (1.16,
95%CI 0.74 to 1.82) (Table 3). Table 5 shows the same
analysis as Table 4 for children only, and there was no
significant association with difficult-to-transfer cases
in 2020 (RR 1.14, 95% CI 0.98 to 1.32, P=0.081). Dif-
ferent from the general population, children were more
accepted by hospitals in January and December than in
June. With reference to 9 to 10 am, 3 pm to 2 am was
significantly associated with difficult-to-transfer cases
for children (Table 5). Similar to the general population,
with reference to Friday, Saturday and Sunday had sig-
nificantly higher RRs for difficult-to-transfer cases (RR
1.37, 95% CI 1.11 to 1.70 and RR 1.37, 95% CI 1.11 to
1.70, respectively). There was no significant association
between pediatric patients suspected to have COVID-19
and difficult-to-transfer cases (RR 1.72, 95% CI 0.25 to
12.08, P=0.584).

In children, female sex was associated with difficult-to-
transfer cases (RR 1.20, 95% CI 1.07 to 1.35, P=0.002)
(Table 6). With reference to injury, poisoning and certain
other consequences of external causes, diseases of the
genitourinary system and diseases of the musculoskel-
etal system and connective tissue were positively asso-
ciated with difficult-to-transfer cases (RR 1.66, 95% CI
1.01 to 2.75, P=0.047 and RR 1.53, 95% CI 1.13 to 2.08,
P=0.006, respectively). Other diseases were inversely
or not significantly associated with difficult-to-transfer
cases (Table 6).

Comparison of children vs. adults
The RR of difficult-to-transfer cases for adult patients
older than or equal to 15 years in 2020 was significant

with reference to 2018 (1.25, 95% CI 1.22 to 1.28)
(Table 3). With reference to 2018, 2020 was significant for
difficult-to-transfer cases for all patients (RR 1.24, 95%
CI 1.21 to 1.27) in Multivariate Poisson regression analy-
sis (Table 4). In Table 4, with reference to Friday, all day,
Saturday, and Sunday especially had significantly higher
RRs for difficult-to-transfer cases (RR 1.26, 95% CI 1.21
to 1.30 and RR 1.38, 95% CI 1.34 to 1.43, respectively).
In Table 4, with reference to 9 to 10 am, other times of
day were significantly associated with difficult-to-transfer
cases. With reference to June, other months were also
significantly associated with difficult-to-transfer cases.
There was a significant association of patients suspected
to have COVID-19 with difficult-to-transfer cases (RR
2.50, 95% CI 2.27 to 2.75).

The severity of illness was shown in Supplemental
Table 5 and Table 6. In Supplemental Table 5, the pro-
portion of difficult-to-transfer cases of children in severe
and moderate patients was comparable between pre-
pandemic years and 2020. In Supplemental Table 6, the
proportion of difficult-to-transfer cases of all patients in
serious, severe, and moderate patients was higher in 2020
than pre-pandemic years.

Discussion

Children were associated with a reduced RR for difficulty
in obtaining hospital acceptance for transfer of a patient
(difficult-to-transfer cases) (RR 0.35, 95% CI 0.33 to
0.37, P<0.001) (Table 4). In contrast, adult patients had
a greater RR for difficult-to-transfer cases than the other
population (RR 2.87, 95% CI 2.71 to 3.04) (Supplemental
Table 1).

During the 3-year study period, 1,147 children were
difficult-to-transfer cases (397, 433, and 317 in 2018,
2019, and 2020, respectively). However, it is important
to reduce difficult-to-transfer cases, with or without the
COVID-19 pandemic. There was a strong association
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Table 3 Univariate Poisson regression analysis for difficult-to-
transfer cases and disposition at the emergency department
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Table 4 Multivariate Poisson regression analysis of difficult-to-
transfer cases in all patients

Risk Ratio 95% confidence interval P value

Difficult-to-transfer cases
Children, < 15 years

2018 Reference

2019 1.03 0.90 — 117 0.712

2020 1.14 0.99 — 1.32 0.077
Adults,> 15 years

2018 Reference

2019 0.92 0.90 - 0.94 <0.001

2020 1.25 122 — 1.28 <0.001
Disposition at the Emergency Department
Admission
Children, < 15 years

2018 Reference

2019 1.02 0.99 — 1.05 0.255

2020 1.12 1.08 — 1.16 <0.001
Adults,> 15 years

2018 Reference

2019 1.02 1.01 — 1.02 <0.001

2020 1.08 1.07 — 1.08 <0.001
Home
Children, < 15 years

2018 Reference

2019 1.00 0.99 — 1.00 0.337

2020 0.98 0.97 — 0.98 <0.001
Adults,> 15 years

2018 Reference

2019 0.99 0.98 — 0.99 <0.001

2020 0.94 0.94 — 0.95 <0.001
Death
Children, < 15 years

2018 Reference

2019 1.01 0.66 — 1.53 0.971

2020 1.16 0.74 — 1.82 0526
Adult, > 15 years

2018 Reference

2019 1.00 0.96 - 1.04 0.945

2020 1.22 117 — 127 <0.001

of difficult-to-transfer cases with patients suspected to
have COVID-19 in all age patients, but, interestingly,
it was not applicable in children (Table 5). As a previ-
ous study showed, hospitals were most likely to accept
patients of all ages in the morning (9 am to 10 am), on
Fridays, and in the month of June, but this was not appli-
cable to children (Table 5) [11]. In children, the year 2020
was not significantly associated with difficult-to-trans-
fer cases, but the year was significantly associated with

Risk Ratio  95% confidence Pvalue
interval
Year
2018 Reference
2019 093 090 - 095  <0.001
2020 1.24 1.21 - 1.27 <0.001
Month
June Reference
January 1.93 1.84 - 2.02 <0.001
February 1.85 176 — 1.94  <0.001
March 1.49 141 - 157 <0.001
April 1.59 1.51 - 1.67 <0.001
May 1.39 132 - 147 <0001
July 1.14 1.08 — 1.20 <0.001
August 141 134 - 149  <0.001
September 1.20 1.14 — 1.27 <0.001
October 1.12 1.06 — 1.18 <0.001
November 1.28 1.21 - 1.35 <0.001
December 1.52 1.45 - 1.60 <0.001
Time of transportation
9amto 10 am Reference
Oamto 1am 6.44 591 — 7.02 <0.001
lTamto2am 742 6.80 - 8.08 <0.001
2amto 3 am 795 7.29 — 8.67 <0.001
3amto4am 7.66 7.02 - 837 <0.001
4amto5am 7.61 6.96 — 831 <0.001
5amto6am 6.80 6.21 — 744 <0.001
6amto7am 549 5.01 - 6.00 <0.001
7amto 8am 3.98 3.63 - 4.36 <0.001
8amto9am 2.16 1.97 - 2.38 <0.001
10amto 11 am 1.25 1.13 — 1.38 <0.001
11amto 12 pm 1.58 144 — 1.75 <0.001
12pmto 1 pm 192 1.75 - 2.11 <0.001
T pmto2pm 218 1.98 - 2.39 <0.001
2pmto3pm 2.21 201 - 242 <0.001
3pmto4 pm 241 2.19 — 2.64 <0.001
4pmto5pm 241 2.19 — 264 <0.001
5pmto6 pm 3.08 2.82 - 337 <0.001
6pmto 7 pm 3.85 3.54 - 4.20 <0.001
7 pmto 8 pm 448 4.12 - 4.88 <0.001
8pmto9pm 481 442 - 523 <0.001
9pmto 10 pm 4.86 446 - 529 <0.001
10pmto 11 pm 525 4.82 - 572 <0.001
11 pmto0am 5.76 529 - 6.28 <0.001
Day of week
Friday Reference
Monday .11 1.07 - 1.15 <0.001
Tuesday 1.08 104 - 112 <0.001
Wednesday 1.09 1.05 — 113 <0.001
Thursday 1.06 102 - 110 0.004
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Table 4 (continued)
Risk Ratio  95% confidence P value
interval

Saturday 1.26 1.21 - 130 <0.001
Sunday 1.38 1.34 - 143 <0.001
Adults, > 15 years Reference
Children 0.35 0.33 - 0.37 <0.001
Suspected COVID-19  2.50 227 — 2.75 <0.001

hospital admission at the ED (RR 1.14, 95% CI 1.10 to
1.18, P<0.001), even though children had a reduced RR
for hospital admission from the ED (RR 0.51, 95% CI 0.50
to 0.51, P<0.001) (Supplemental Table 2 and Supplemen-
tal Table 4). The exact reason why children had a greater
RR of admission in 2020 than the other two years is
unclear. One of the reasons for this finding might be due
to withholding the medically unnecessary EMS trans-
ports during the COVID-19 pandemic in 2020, as shown
in Table 3 and Supplemental Table 2. In fact, COVID-19
was significantly associated with hospital admission from
the ED (RR 5.27, 95% CI 4.06 to 6.85, P<0.001). Table 6
shows an all-children analysis to investigate which dis-
eases contributed to difficult-to-transfer cases. Injury
and poisoning, genitourinary diseases and musculoskel-
etal diseases were associated with difficult-to-transfer
cases for three years, and injury and poisoning were
strongly associated with difficult-to-transfer cases in
2020, which was not thought to be related to COVID-19
(Table 6 and Supplemental Table 3). However, diseases
of the musculoskeletal system and connective tissue was
inversely associated with hospital admission from the
ED (Supplemental Table 2).

Neoplasms, diseases of the circulatory system, dis-
eases of the nervous system, and congenital diseases had
higher RRs of hospital admission than other diseases
(Supplemental Table 2). This result was similar to other
studies [16—18].

Multisystem inflammatory syndrome in children (MIS-
C) is characterized by COVID-19-associated Kawasaki
disease-like symptoms together with cardiac inflam-
mation and toxic shock syndrome [19]. Kawasaki dis-
ease data were collected as ICD-10 code with M303,
and 43 patients (19 in 2018, 15 in 2019, and 9 in 2020)
were found. In addition, only 7 children had confirmed
COVID-19 with admission, and all of them were dis-
charged within 21 days. Thus, diseases of the circula-
tory system appeared to be different from MIS-C, and
MIS-C was not a problem in Osaka Prefecture in 2020.
The risk of MIS-C was lower for Omicron variants, com-
pared to Alpha variants and Delta variants in Norway
[20]. The proportion of MIS-C cases with severe organ
system involvement decreased during widespread Delta
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Table 5 Multivariate Poisson regression analysis of difficult-to-
transfer cases in children

Risk Ratio  95% confidence Pvalue
interval
Year
2018 Reference
2019 1.03 090 — 1.18 0.704
2020 1.14 0.98 — 132 0.081
Month
June Reference
January 0.75 057 - 0.99 0.041
February 0.82 062 — 1.09 0.18
March 1.16 0.89 — 1.50 0.28
April 0.90 0.68 - 1.19 0.446
May 092 070 - 1.21 0.549
July 0.83 0.63 - 1.09 0.18
August 0.90 069 — 1.19 0466
September 1.02 0.78 — 1.34 0.888
October 1.01 0.77 - 133 0.931
November 1.03 079 - 1.36 0.806
December 0.72 054 — 097 0.03
Time of transportation
9amto 10am Reference
Oamto1am 226 1.23 - 413 0.008
Tamto2am 2.15 115 — 4.03 0.017
2amto3am 1.94 0.99 - 3.82 0.053
3amto4am 1.56 074 — 3.27 0.238
4amto5am 0.82 032 — 212 0.689
5amto6am 1.07 0.44 - 263 0.874
6amto7am 0.72 026 — 1.98 0.528
7amto 8am 0.67 0.26 - 1.73 0414
8amto9am 1.30 066 — 2.57 0453
10amto 11 am 131 0.68 — 2.51 0423
11amto 12 pm 135 0.72 - 252 0.346
12pmto 1 pm 2.06 116 — 3.67 0.013
1 pmto2pm 1.54 0.86 - 2.77 0.147
2pmto 3 pm 1.31 072 — 2.37 0.376
3pmto4pm 216 1.24 — 3.79 0.007
4pmto5pm 2.06 1.18 - 3.60 0.011
5pmto6 pm 2.76 1.61 - 4.74 <0.001
6pmto7pm 3.16 185  — 539 <0.001
7 pmto 8 pm 317 185 — 541 <0.007
8pmto9pm 2.54 1.48 — 438 0.001
9pmto 10 pm 3.05 1.78 - 524 <0.001
10pmto 11 pm 3.71 216 — 6.38 <0.001
11 pmto0am 3.08 1.76 - 540 <0.001
Day of week
Friday Reference
Monday 1.18 0.94 - 148 0.156
Tuesday 0.98 077 — 1.25 0.895
Wednesday 0.95 0.75 - 1.21 0.687
Thursday 1.18 094 — 149 0.151
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Table 5 (continued)

Risk Ratio  95% confidence P value
interval
Saturday 1.37 .11 = 1.70 0.004
Sunday 1.37 1.1 - 1.70 0.003
Suspected COVID-19 1.72 0.25 - 1208  0.584

and early Omicron circulation compared with before
Delta circulation in the US [21]. Duration of hospitaliza-
tion was shorter and the proportion of pediatric patients
who received ICU-level care was significantly lower dur-
ing widespread Delta and early Omicron circulation [21].
These differences in severity were due to variations in
the host immune response, earlier clinical diagnosis, and
treatment of MIS-C [21]. There was also a potentially
altered clinical phenotype associated with some degree of
preexisting immunity conferred by COVID-19 vaccina-
tion [21].

Neoplasms, congenital malformations, deformations,
and chromosomal abnormalities also contributed to
hospital admission from the ED. The caregivers of these
patients might delay seeking medical services due to fear
of COVID-19 exposure, which resulted in a hospital stay
for treatment because most of these patients were immu-
nocompromised [22, 23].
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The present results suggest that injury and poisoning
were the most common reasons for EMS calls in children
and resulted in difficult-to-transfer cases, especially in
2020, but they did contribute to hospital admission from
the ED. Pediatric trauma patients may require intensive
assessment and care from a multidisciplinary approach
[24]. In addition, children often cannot appropriately
express their symptoms and signs to parents or EMS
personnel, which might be one of the factors associated
with the difficulty in hospital acceptance [24]. It is note-
worthy that pediatric acute care centers have not been
adequately established in Japan compared with other
developed countries.

Female sex was associated with difficult-to-transfer
cases, however we could not know exact reason why
female sex was significantly associated with difficult-to-
transfer cases. Girls are more prone to developing uri-
nary tract infection in all age group except first year of life
[25]. Connective tissue disorders are also more common
in female [26]. Both diseases of the genitourinary system
and diseases of the musculoskeletal system and connec-
tive tissue were associated with difficult-to-transfer cases
more than injury and poisoning. Therefore, we postulate
that these diseases might be associated with difficult-to-
transfer cases.

There are several limitations in this study. First,
COVID-19 is a new disease identified in 2020 in Japan,

Table 6 Multivariate Poisson regression analysis of difficult-to-transfer cases in children

Difficult-to-transfer cases Risk Ratio 95% confidence interval Pvalue

Year
2018 Reference
2019 1.07 0.93 - 122 0.93
2020 1.01 0.87 — 117 017
Injury and poisoning Reference
Infectious and parasitic diseases 0.10 0.06 — 0.17 <0.001
Neoplasms 0.51 0.13 - 2.03 0.338
Endocrine, nutritional, and metabolic diseases 033 0.14 — 0.79 0.013
Mental and behavioral disorders 0.60 0.36 — 1.00 0.049
Diseases of the nervous system 0.16 0.08 - 0.29 <0.001
Diseases of the eye and the ear 0.88 044 - 1.75 0.708
Diseases of the circulatory system 0.16 0.04 - 0.63 0.009
Diseases of the respiratory system 0.08 0.05 - 0.13 <0.001
Diseases of the digestive system 0.25 0.15 — 042 <0.001
Diseases of the skin and subcutaneous tissue 0.05 0.01 - 033 0.002
Diseases of the musculoskeletal system and connective tissue 1.53 1.13 — 2.08 0.006
Diseases of the genitourinary system 1.66 1.01 - 2.75 0.047
Congenital diseases 0.57 0.08 - 397 0.569
Symptoms, signs, and abnormal clinical and laboratory findings 0.12 0.09 — 0.15 <0.001
Male Reference
Female 1.20 1.07 - 135 0.002
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and acute upper respiratory tract infection or gastroen-
teritis as ICD-10 code U07.2 in which COVID-19 was
suspected was included. Second, one hundred twenty-
four patients were left without transportation. ORION
system should have recorded the reason why they were
not transported, but we could not find the reason.
Some of them might be infected with COVID-19, how-
ever there were only 2 pediatric patients who were left
without transportation. Third, this was a retrospective,
observational study, and there might be some unknown
confounding factors due to this study type. Fourth, this
study uniformly defined the difficult-to-transfer cases
regardless of the patient’s condition to assess differences
by demographic factors or reasons for ambulance calls.
Finally, adjustment for various factors such as medical
history, medications, and health status could not be per-
formed in the Poisson regression analysis, because this
information was not available.

Conclusion

The present study found that children had a reduced
RR for difficult-to-transfer cases, even in 2020 with the
COVID-19 outbreak. Children also had a reduced RR for
hospital admission from the ED, but it increased in 2020.
Injury and poisoning were the most common reasons for
EMS calls and difficult-to-transfer cases.
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