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a b s t r a c t 

Objectives: The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron variant emergence pre- 

ceded a wave of pediatric coronavirus disease 2019 (COVID-19) cases, putting considerable strain on hospitals 

across Japan. Our study evaluated the pediatric disease burden of COVID-19 in pediatric hospitals. 

Methods: This retrospective study evaluated all pediatric patients (defined as aged < 21 years) hospitalized with 

SARS-CoV-2 infection, or as close contacts, at four children’s hospitals, between January 1 and May 31, 2022. 

Clinical characteristics, reasons for admission, and outcome data were analyzed. 

Results: In total, 492 patients (median age 3.0 years; male 58.7%) were included over the study period. Of these, 

232 (47.2%) patients had at least one underlying disease. Asymptomatic and mild diseases were common during 

the study period ( n = 451, 91.7%). Social reasons for hospitalization (including a lack of family support at home) 

accounted for 36.8% ( n = 181) of inpatients. The median length of stay was 4.0 days. Fever was the most common 

symptom ( n = 273, 55.5%), followed by upper respiratory ( n = 77, 15.7%) and neurological ( n = 60, 12.2%) 

symptoms. Overall, 34 (6.9%) children required invasive mechanical ventilation, 51 (10.4%) were admitted to 

the pediatric intensive care unit, and two (0.4%) died. COVID-19 vaccination rate was low ( n = 14/200, 7.0%). 

Conclusions: The disease burden during the Omicron-predominant period was attributable to asymptomatic and 

mild infections, and some patients were hospitalized for social reasons. To maintain a medical care system for 

critically ill patients, each medical facility must play a role according to its function. 
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Coronavirus disease 2019 (COVID-19), caused by severe acute res-

iratory syndrome coronavirus 2 (SARS-CoV-2), has spread worldwide

ince 2019 [ 1 , 2 ]. Since the first confirmed case of COVID-19 in Japan

n January 16, 2020, Japan has experienced six waves of the COVID-

9 pandemic, which occurred over the following periods: January 26

o May 31, 2020; July to September 2020; October 2020; May to June

021; July to September 2021; and January 2022. Following the emer-

ence of the Omicron variant in Japan in January 2022, large numbers

f pediatric COVID-19 cases were newly diagnosed [ 3 , 4 ]. Young patients

ith COVID-19 usually have mild disease; however, information on the

ospital burden and characteristics of pediatric COVID-19 is limited. 

Definitions of severe disease in pediatric patients vary, but in Japan

hey generally reflect respiratory symptoms and a requirement for respi-

atory support or oxygen saturation [5] . Since February 1, 2020, COVID-
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9 has been classified as a legally designated infectious disease in Japan

under the Infectious Diseases Act) [6] . When the first wave began, the

ndication for hospitalization was, in principle, for all COVID-19 pa-

ients. Subsequently, following the nationwide spread of the infection,

ccommodation and home care were made available for mildly ill pa-

ients who were not at risk of serious illness. After the second wave,

ospitalization was generally indicated for patients with moderate to se-

ere disease. On the other hand, children are often admitted to hospital

or reasons unrelated to COVID-19, and may be found to have asymp-

omatic or mild symptomatic infections. 

Isolation periods were initially established as 14 days for symp-

omatic patients, 12.5 days for patients with no symptoms, and 14 days

or close contacts. However, as knowledge of the period of communica-

ility improved, the isolation period was reduced to 10 days for patients

ith mild/no symptoms, 14 days for patients with severe symptoms, and

 days for close contacts during the Omicron-predominant period. 
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The associated outbreak of pediatric COVID-19 put considerable

train on many hospitals across Japan. Even the children’s hospitals,

hich are specialized medical centers for children, were functioning

ear capacity as a result of COVID-19 patients. 

Our hypothesis was that there was an increased disease burden af-

ecting hospital functions. The aim of our study was therefore to clarify

he impact of these conditions by evaluating the disease burden of pe-

iatric COVID-19 in our children’s hospitals. 

ethods 

tudy design 

This retrospective study included all patients with COVID-19, or

heir close contacts, hospitalized between January 1 and May 31, 2022.

he study was approved by our institutional review board (no. R4-63).

nformed consent was obtained from parents using the opt-out method.

etting 

This study was conducted in children’s hospitals with a total catch-

ent area encompassing 3.0 million children across four prefectures

n Japan [7] . During the study period, the region was heavily affected

y COVID-19, resulting in restrictions against new hospitalizations and

he postponement of scheduled surgeries in our children’s hospitals. The

tudy period was selected to coincide with the Omicron variant outbreak

n Japan [4] . 

articipants 

The inclusion criteria were as follows: age < 21 years (the upper

ge limit for patients treated by pediatricians, as recommended by the

apanese Society of Pediatrics) [8] ; positive SARS-CoV-2 test result by

olymerase chain reaction (PCR) or antigen test, or a close contact of an

nfected patient. The exclusion criterion was an absence of documented

ositive SARS-CoV-2 PCR or antigen assay results, or of documentation

onfirming false-positive SARS-CoV-2 PCR or antigen test results. 

ariables 

Patients were categorized into the following groups at discharge:

hose with a positive SARS-CoV-2 result by PCR or antigen test, and

hose who were close contacts. Underlying diseases were categorized as

omorbidities (according to the high-risk group defined by the Japanese

ociety of Pediatrics) [8] , and included chronic respiratory disease,

hronic heart disease, chronic renal disease, neurological or neuromus-

ular disease, hematologic or malignant disease, metabolic or endocrine

isease, collagen or autoimmune disease, gastrointestinal or liver dis-

ase, immunodeficiency disease or use of immunosuppressive agents,

nd other conditions such as obesity, premature birth, and anorexia.

ospitalization was defined based on a principal clinical diagnosis ne-

essitating hospital admission. The indication for hospitalization due to

ocial reasons was defined as hospitalization not due to medical indi-

ations for COVID-19, but due to human resource and material prob-

ems, including social vulnerability either at home, in welfare facili-

ies, or in medical facilities. Social reasons were categorized as a lack

f family support at home, difficulty due to isolation at public assis-

ance facilities, or difficulty during hospitalization at other primary or

econdary medical facilities due to COVID-19 diagnosis. Disease sever-

ty was categorized as asymptomatic, mildly symptomatic, moderately

ymptomatic, or severe (according to the category of severity defined by

Clinical management of patients with COVID-19: a guide for front-line

ealthcare workers in Japan’) [5] . Asymptomatic disease was defined as

he absence of: documented fever, respiratory symptoms (cough, short-

ess of breath, or difficulty breathing); gastrointestinal symptoms (nau-

ea, vomiting, or abdominal pain); or neurological symptoms (seizure,
109 
lteration of consciousness, dysgeusia, or olfactory dysfunction) before

r during hospitalization. Patients who were admitted with these symp-

oms but who had a clearly documented alternative reason, were also

eemed to have an asymptomatic diagnosis. Mild disease was defined

s occurrence of fever and respiratory, gastrointestinal, or neurologi-

al symptoms that did not require respiratory support or intervention,

nd had no clearly documented alternative explanation. Moderate dis-

ase was defined as symptoms consistent with COVID-19 that required

espiratory support, but did not require invasive positive pressure ven-

ilation (IPPV) or extracorporeal membrane oxygenation (ECMO). Se-

ere disease was defined as symptoms consistent with COVID-19 that

equired IPPV or ECMO. Patients who were on a ventilator at ad-

ission, such as those on home oxygen therapy or who were origi-

ally fitted with a ventilator in a facility, were excluded from the se-

ere disease category. Patients with symptoms unrelated to COVID-

9, and who were on a ventilator for airway maintenance, were also

xcluded. 

In COVID-19 wards, close monitoring and rapid response were dif-

cult due to infection prevention issues. For this reason, the threshold

or admission to the PICU was set lower than the admission criteria

or patients without COVID-19. Therefore, asymptomatic patients after

cheduled or emergency surgery, or patients who were not in respiratory

ailure, but who required close monitoring because of epileptic seizure,

etabolic or endocrine diseases, or myocarditis, were also indicated for

dmission to the PICU. 

Close contacts were defined as individuals who were in contact with

he patients for at least 15 minutes without taking the necessary infec-

ion prevention measures and at a distance such that they could touch

hem with their hands, 2 days before the date of onset [4] . Patients

ere identified as having multisystem inflammatory syndrome in chil-

ren (MIS-C) if that was the discharge diagnosis by the physician who

rovided the clinical care, and if they met the Centers for Disease Con-

rol and Prevention criteria for MIS-C [9] . 

reatment/vaccination 

The national guidelines on treatment regimens for COVID-19 in pe-

iatric patients initially permitted the use of various antiviral drugs at

he discretion of physicians at each medical facility. Subsequently, in

ay 2020, remdesivir was approved to shorten the duration of symp-

oms in patients with pneumonia, and the indication was expanded to

educe the risk of severe disease. In July 2020, dexamethasone was also

ncluded in the guidelines as an anti-inflammatory drug for patients with

neumonia associated with hypoxemia [5] . 

In Japan, mRNA vaccines have been mostly used. Compared with

hose in Western countries, such as the UK and the US, the introduction

f COVID-19 vaccines in Japan was initially delayed, due to domes-

ic regulations. Because of this delay in vaccine introduction, priority

as given to those who were most eligible for vaccination. Healthcare

orkers were given priority as the first group to be vaccinated, as from

ebruary 17, 2021, followed by those in the general population ≥ 65

ears old, from April 12, 2021. The targeted age groups were then ex-

anded sequentially. A third dose of mRNA COVID-19 vaccine became

vailable on December 1, 2021, to boost immunity. Japan achieved high

accination coverage — as of January 2022, ≥ 75% of the population

ad received a second dose of COVID-19 vaccine, and approximately

0% of those aged ≥ 65 years were fully vaccinated. In children, eligi-

ility for COVID-19 vaccine was expanded to those aged ≥ 12 from June

021, and the first vaccine dose for those aged 5–11 was approved in

anuary 2022. 

ata sources/measurements 

The electronic medical records of all patients hospitalized at our cen-

ers during the study period were manually reviewed to obtain the fol-

owing: demographic, clinical, and laboratory data; reasons for admis-
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Figure 1. Flow diagram for selection of patients included in the study. 
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Table 1 

Background characteristics of the study cohort. 

Variable Subcategory Total 

Number of cases 492 

Age Years, median 3 (0–9) 

< 1 year, number (%) 145 (29.5) 

1–5 years, number (%) 145 (29.5) 

≥ 5 years 201 (40.9) 

Sex Male number (%) 289 (58.7) 

Underlying disease Any, number (%) 232 (47.2) 

Neurological and neuromuscular disease 97 (19.7) 

Chronic heart disease 48 (9.8) 

Hematological disease and malignancy 21 (4.3) 

Metabolic and endocrine disease 16 (3.3) 

Immunosuppressive state 14 (2.8) 

Gastrointestinal disease 11 (2.2) 

Chronic renal disease 8 (1.6) 

Collagen and allergic disease 6 (1.2) 

Others 21 (4.3) 

Positive test Number (%) 362 (73.6) 

Close contact Number (%) with COVID-19 cases 130 (26.4) 

SARS-CoV-2-vaccinated 

patients 

One dose, number (%) 3/201 (1.5) 

Two doses number (%) 14/201 (7.0) 

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syn- 

drome coronavirus 2. 

Table 2 

Comparison of severity and outcomes. 

Variable Subcategory Total 

Number of cases 492 

Severity Close contact, number (%) 130 (26.4) 

Asymptomatic, number (%) 48 (9.8) 

Mild, number (%) 273 (55.5) 

Moderate, number (%) 30 (6.1) 

Severe, number (%) 11 (4.5) 

Specific treatment (%) for 

COVID-19, number 

47 (9.6) 

Invasive mechanical 

ventilation/ECMO, number (%) 

34 (6.9) 

PICU admission, number (%) 51 (10.4) 

Death, number (%) 2 (0.4) 

Length of hospital stay (days), 

median (IQR) 

4.0 (3–8) 

COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxy- 

genation; PICU, pediatric intensive care unit; IQR, interquartile range. 
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ion; specific treatments; and hospitalization outcome data, from admis-

ion to discharge. The compiled data were maintained electronically on-

ite, in accordance with the institutional review board protocol. Chart

eviews were conducted by two authors. 

tatistical methods 

Categorical and continuous variables were expressed as number (%)

nd median (interquartile range [IQR]), respectively. Comparisons be-

ween the two groups were performed using Fisher’s exact test for cate-

orical variables and the Mann–Whitney U test for continuous variables.

he Kruskal–Wallis test and Bonferroni correction were used to analyze

ontinuous variables for each severity. Statistical significance was set at

 < 0.05. Statistical analyses were performed using IBM SPSS Statistics

or Windows, version 27 (IBMS Corp., Armonk, NY, USA). 

esults 

During the study period, 492 patients with COVID-19 and close con-

acts were admitted, including 106, 90, 228, and 68 admitted at Aichi

hildren’s Health and Medical Center, Hyogo Prefectural Kobe Chil-

ren’s Hospital, Osaka Women’s and Children’s Hospital, and Okinawa

refectural Nanbu Medical Center and Children’s Medical Center, re-

pectively. No duplicate names were identified. In total, 130 (26.4%)

atients had negative SARS-CoV-2 PCR results but were close contacts

 Figure 1 ). During the chart review, none of the patients had false-

ositive SARS-CoV-2 PCR results. 

The patients’ background characteristics are shown in Table 1 . The

edian age was 3.0 years (interquartile range [IQR] 0–9 years) and 289

58.7%) were male. Among the 232 (47.2%) patients with underlying

iseases, the most common condition was neurological or neuromuscu-

ar disease ( n = 97, 19.7%), followed by chronic heart disease ( n = 48,

.8%), and chronic respiratory disease ( n = 43, 8.7%). Only 14 of the

atients aged ≥ 5 years ( n = 14/201, 7.0%) had received two doses of

he SARS-CoV-2 vaccine. No history of vaccination was reported in 137

atients. 

Table 2 presents data comparing severity and outcomes. Most pa-

ients were asymptomatic or had mild disease ( n = 451, 91.7%), while

evere disease accounted for the lowest number of patients (n = 11,

.2%). Specific treatments for COVID-19, including remdesivir and dex-

methasone, were administered for 9.6% ( n = 47) of patients. Invasive

echanical ventilation was required in 6.9% of the patients ( n = 34),

hereas none required ECMO support. There was no MIS-C case. The

edian length of hospital stay (LOS) was 4.0 (IQR 3.0–8.0) days. Two

eaths (0.4%) occurred in this study population. These deaths were

aused by suffocation and encephalopathy. The encephalopathy case

ay have been attributed to COVID-19. 
110 
Table 3 presents the characteristics and statistical analyses for each

isease severity group. The median ages and sexes of the patients were

imilar across the groups. Patients with underlying diseases differed sig-

ificantly in terms of disease severity ( p = 0.026). Underlying diseases

ere more common in close contacts or patients with asymptomatic dis-

ase than in those with mild disease. With the exception of close con-

acts and patients with asymptomatic disease, lower respiratory symp-

oms ( p < 0.001) were less common in patients with mild disease than

n those with moderate or severe disease), while neurological symptoms

 p = 0.007) were more common in patients with mild or severe disease

han in those with moderate disease. 

The reasons for hospitalization differed — treatment of COVID-19

ymptoms was less common in patients with asymptomatic and mild

iseases ( p < 0.001). In contrast, social reasons were more common in

atients with mild disease, mainly due to facility factors, such as diffi-

ulty with isolation in public assistance facilities and refusal of hospi-

alization by other hospitals due to COVID-19 diagnosis, resulting from

 lack of available beds for pediatric COVID-19, insufficient personnel

o deal with COVID-19, or a hospital policy not to accept pediatric pa-

ients with COVID-19 ( p < 0.001). The median LOS differed substantially

mong these groups, with significantly longer LOS in patients with se-

ere disease ( p < 0.001). There was a significantly higher rate of inva-

ive mechanical ventilation and PICU admission in patients with severe

isease ( p < 0.001). 
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Table 3 

Characteristics and statistical analysis according to disease severity. 

Variable Close contacts Asymptomatic Mild Moderate Severe p- value 

Number of cases 130 48 273 30 11 

Age, years, median (IQR) 2 (0–8) 1 (0–8) 4 (1–9) 2 (0.25–12) 2 (0–8.5) 0.053 

Male sex, number (%) 68 (52.3) 34 (70.8) 168 (61.5) 15 (50.0) 4 (36.4) 0.063 

Any underlying disease, number (%) 71 (54.6) 28 (58.3) 111 (40.7) 17 (56.7) 5 (45.5) 0.026 

Symptoms a 

History of fever, number (%) 0 0 237 (86.8) 28 (93.3) 9 (81.8) 0.513 

History of upper respiratory symptoms, number (%) 0 0 71 (26.0) 5 (16.7) 1 (9.1) 0.255 

History of lower respiratory symptoms, number (%) 0 0 11 (4.0) 11 (36.7) 3 (27.3) < 0.001 

History of GI, number (%) 0 0 31 (11.4) 2 (6.7) 0 0.375 

History of neurological symptoms, number (%) 0 0 54 (19.8) 1 (3.3) 5 (45.5) 0.007 

Reason for hospitalization 

Treatment of COVID-19 patients on admission, number (%) 6 (4.6) 1 (2.1) 41 (15.0) 19 (63.3) 9 (81.8) < 0.001 

Social reason for admission, number (%) 25 (19.2) 22 (45.8) 131 (48.0) 4 (13.3) 0 < 0.001 

Lack of family support 12 5 31 0 0 0.388 

Difficulty due to isolation or during hospitalization 13 17 100 4 0 < 0.001 

LOS, days, median (IQR) 5.0 (3–8) 3.0 (3–7) 4.0 (3–7) 6.0 (5–9.75) 13.0 (9.5–16) < 0.001 

IPPV, number (%) 9 (6.9) 3 (6.3) 10 (3.7) 1 (3.3) 11 (100.0) < 0.001 

PICU admission, number (%) 7 (5.4) 5 (10.4) 15 (5.5) 13 (43.3) 11 (100.0) < 0.001 

Death, number (%) 0 0 0 0 2 (18.2) 

GI, gastrointestinal symptoms; COVID-19, coronavirus disease 2019; LOS, length of hospital stay; IPPV, invasive positive pressure ventilation; PICU, pediatric intensive 

care unit; IQR, interquartile range. 
a Analyses by history of symptoms were in accordance with disease category (mild, moderate, and severe). 
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This study revealed that cases of asymptomatic and mildly symp-

omatic disease accounted for a large proportion of the hospital burden.

ome patients were hospitalized for social reasons. Lower respiratory

nd neurological symptoms were more common, and the degree of med-

cal intervention was higher, in patients with severe disease. 

Hospitalization rates for pediatric COVID-19 are increasing in many

ountries, including Japan [ 2 , 3 ]. Data on the severity of disease caused

y the Omicron variant are limited, but they show less severity than

he Delta and other variants [10–13] . Some nationwide studies have

ompared the characteristics of pediatric COVID-19 before and dur-

ng the Omicron-predominant period in Japan. Shoji et al. showed that

ore pediatric patients experienced fever and seizure in the Omicron-

redominant period; however, the overall severity was similar, and

o patients died in either period [14] . Hiroyuki et al. reported that

ore pediatric patients experienced croup syndrome in the Omicron-

redominant period; however, most patients had non-severe disease in

ither period [15] . 

Several hypotheses have been proposed to explain this explosive rise

n the number of children affected. First, the Omicron variant is more

ontagious than Delta and other variants [16] . Second, children aged <

 years were not eligible for COVID-19 vaccination, and children aged

–11 years were not eligible for boosters. However, for COVID-19, the

edical care system had mainly been established with a focus on adults.

onsequently, the pediatric healthcare system was lagging behind, es-

ecially in Japan’s inpatient system. Moreover, pediatric COVID-19 pa-

ients generally require more medical and nursing care than patients

ith other viral infections or adult COVID-19 patients. Pediatric patients

equire more daily care and have difficulty controlling their behavior,

eading to an increased risk of transmission to medical staff. Therefore,

ediatric patients with COVID-19 are admitted to a limited number of

edical facilities, further increasing the burden on these facilities [17] .

ospitalization of parents or guardians is one solution; however, this is

ifficult in children’s hospitals because of the impossibility of treating

nd caring for adult patients. Administrative support for hospitals is in-

dequate, and an insufficient number of facilities capable of accepting

npatients and a lack of accommodation for patients with social prob-

ems are major concerns. 

In our study, most of the patients were asymptomatic and had mild

isease. Some of these patients were admitted for social reasons, such as

ack of family support, difficulty with isolation in public assistance facili-
111 
ies, and refusal of hospitalization by other centers. Although the median

ength of stay was short, the total number of patients was large, making

t a significant burden of disease. There have been few studies of the

ocial reasons for hospitalization in pediatric COVID-19 patients. Our

ospitals are specialized medical facilities for severe and complicated

ediatric patients; however, this study showed that a large proportion

f hospitalized children were categorized as asymptomatic or mild dis-

ase and were admitted for social reasons. This resulted in a high disease

urden in our hospitals, with beds occupied by severely ill patients for

everal days, restriction of new admissions for other diseases for a num-

er of months, and postponement of scheduled surgeries. To maintain

 system of medical care for critically ill patients, these patients should

ither be admitted to the accommodation facilities or treated at home. 

This study did not show any association between hospitalization and

accination severity, because the number of vaccinated children during

he study period was small, and information about vaccination status

as missing for some patients. 

Our study had several limitations. First, the data were obtained from

our tertiary medical centers specifically for children. Therefore, the rel-

vance of our findings to other medical facilities remains unclear. Sec-

nd, our data had no information on the specific variant strain detected

n each patient; therefore, it was not possible to assess the direct effect

f variant strain on the clinical characteristics. However, data from the

ational Institute of Infectious Diseases revealed that more than 95% of

he variant strains detected in Japan during the Omicron-predominant

eriod were Omicron type [4] . This suggests that the impact of miss-

ng variant strain data may be minimal. Third, our definition of disease

everity may be inappropriate for pediatric COVID-19 patients. Early in-

ant fever, febrile convulsion, and croup syndrome are not considered

ndicators of severe infection; however, in general, they require hospi-

alization. Previous reports have described that non-respiratory symp-

oms, including MIS-C and encephalopathy, account for a high percent-

ge of patients admitted to the PICU [18] . In our study, infant fever

nd neurological symptoms, including febrile convulsion, were the ma-

or symptoms at admission, but many of these patients were categorized

s showing mild symptomatic infections. Only 15 (30.0%) patients ad-

itted to the PICU developed severe infection during the study period.

herefore, an alternative definition of severity in children is required. 

In conclusion, the disease burden was attributed to cases of asymp-

omatic and mild disease during the Omicron variant-predominant pe-

iod. Some of the patients were hospitalized for social reasons. To main-

ain a medical care system for critically ill patients, each medical facil-
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ty must play a role according to its function. Administrative support

s needed to increase the number of hospitals providing medical care

or pediatric COVID-19 patients and to accommodate patients and their

amilies with social problems. 

onflicts of interest 

The authors declare that they have no conflicts of interest. 

cknowledgments 

Not applicable 

unding sources 

No funding was received for this study. 

thical approval statement 

This study was approved by the institutional review board (no. R4-

3). Informed consent was obtained from parents using the opt-out

ethod. 

ontributors 

SM conceptualized the study, collected, analyzed, and interpreted

he data, drafted the initial manuscript, and critically reviewed and re-

ised the manuscript. EO, MN, YC, and MK collected the data, drafted

he initial manuscript, and reviewed and revised the manuscript. All

uthors approved the final manuscript as submitted, and agreed to be

ccountable for all aspects of the work. 

ata sharing 

The datasets generated and/or analyzed during the current study are

vailable from the corresponding author on reasonable request. 

eferences 

[1] World Health Organization. Tracking SARS-CoV-2 variants. Available from:

https://www.who.int/activities/tracking-SARS-CoV-2-variants/ [accessed Septem-

ber 25, 2022]. 

[2] World Health Organization. Weekly epidemiological update on COVID-19. Available

from: https://www.who.int/publications/m/item/weekly-epidemiological-update-

on-covid-19 —21-september-2022 . [accessed September 25, 2022]. 

[3] National Institute of Infectious Diseases/Center for Surveillance, Immunization,

and Epidemiologic Research. COVID-19 weekly surveillance update: epidemiologic
112 
situational awareness – week 36, as at September 13, 2022. Available from:

https://www.niid.go.jp/niid/ja/2019-ncov/2484-idsc/10754-2021-41-10-11-10- 

17-10-19.html . [accessed September 25, 2022]. 

[4] National Institute of Infectious Diseases/Center for Surveillance, Immunization, and

Epidemiologic Research. 20220925_genome_weekly_lineageJAPAN. Available from:

https://www.mhlw.go.jp/stf/covid-19/kokunainohasseijoukyou.html [accessed 

September 25, 2022]. 

[5] Ministry of Health, Labour and Welfare. Clinical Management of Patients with

COVID-19: a guide for front-line healthcare workers (Version 8.0). Available from:

https://www.mhlw.go.jp/content/000967699.pdf [accessed November 9, 2022]. 

[6] Cabinet Office. Japan. Government ordinance designating COVID-19 as a designated

infectious disease (in Japanese). 2020. Available from: https://www.mhlw.go.jp/

content/10900000/000589748.pdf . [accessed January 28, 2022]. 

[7] The Bureau of Statistics of the Ministry of Justice. Number of children in Japan.

Available from: https://www.stat.go.jp/data/jinsui/topics/topi1252.html#aII-1 .

[accessed November 9, 2022]. 

[8] Japan pediatric society. Concept of underlying diseases of children that

should be considered for vaccination against COVID-19. Available from:

https://www.jpeds.or.jp/modules/activity/index.php?content_id = 409 . [accessed

November 9, 2022]. 

[9] Centers for Disease Control and Prevention. Multisystem inflammatory syndrome

in children (MIS-C) associated with coronavirus disease 2019 (COVID-19) [news

release]. Centers for Disease Control and Prevention (US) Health Alert Net-

work. https://emergency.cdc.gov/han/2020/han00432.asp . [Accessed 1 November

2022]. 

10] Bouzid D, Visseaux B, Kassasseya C, Daoud A, Fémy F, Hermand C, Tru-

chot J, Beaune S, Javaud N, Peyrony O, Chauvin A. Comparison of patients in-

fected with delta versus omicron COVID-19 variants presenting to Paris emer-

gency departments: a retrospective cohort study. Ann Intern Med 2022; 175 :831–7.

doi: 10.7326/M22-0308 . 

11] Cloete J, Kruger A, Masha M, du Plessis NM, Mawela D, Tshukudu M, Manyane T,

Komane L, Venter M, Jassat W, Goga A. Paediatric hospitalisations due to COVID-

19 during the first SARS-CoV-2 omicron (B.1.1.529) variant wave in South Africa:

a multicentre observational study. Lancet Child Adolesc Health 2022; 6 :294–302.

doi: 10.1016/S2352-4642(22)00027-X . 

12] Butt AA, Dargham SR, Loka S, Shajil RM, Chemaitelly H, Tang P, Hasan MR,

Coyle PV, Yassine HM, Al-Khatib HA, Smatti MK. Coronavirus disease 2019 disease

severity in children infected with the omicron variant. Clin Infect Dis 2022; 75 :e361–

7. doi: 10.1093/cid/ciac275 . 

13] Saxena SK, Kumar S, Ansari S, et al. Characterization of the novel SARS-CoV-2

Omicron (B.1.1.529) variant of concern and its global perspective. J Med Virol

2022; 94 :1738–44. doi: 10.1002/jmv.27524 . 

14] Kensuke S, Takayuki A, Shinya T, et al. Clinical characteristics of COVID-19 in hospi-

talized children during the Omicron variant predominant period. J Infect Chemother

2022; 28 :1531–5 . 

15] Hiroyuki I, Mitsuru K, Ogimi C, et al. Clinical characteristics of pediatric pa-

tients with COVID-19 between Omicron era vs. pre-Omicron era. J Infect Chemother

2022; 28 :1501–5. doi: 10.1016/j.jiac.2022.07.016 . 

16] Burki T. The origin of SARS-CoV-2 variants of concern. Lancet Infect Dis

2022; 22 :174–5. doi: 10.1016/S1473-3099(22)00015-9 . 

17] Japan Pediatric Society. Report of the survey of the impact of hospi-

tal pediatrics on COVID-19 (secondary survey summary). Available from:

http://www.jpeds.or.jp/uploads/files/20220118_shaho.pdf [accessed November 9,

2022]. 

18] Tripathi S, Gist KM, Bjornstad EC, et al. Coronavirus disease 2019-associated PICU

admissions: a report from the Society of Critical Care Medicine Discovery Network

Viral Infection and Respiratory Illness Universal Study Registry. Pediatr Crit Care

Med 2021; 22 :603–15. doi: 10.1097/PCC.0000000000002760 . 

https://www.who.int/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19-21-september-2022
https://www.niid.go.jp/niid/ja/2019-ncov/2484-idsc/10754-2021-41-10-11-10-17-10-19.html
https://www.mhlw.go.jp/stf/covid-19/kokunainohasseijoukyou.html
https://www.mhlw.go.jp/content/000967699.pdf
https://www.mhlw.go.jp/content/10900000/000589748.pdf
https://www.stat.go.jp/data/jinsui/topics/topi1252.html\043aII-1
https://www.jpeds.or.jp/modules/activity/index.php?content_id=409
https://emergency.cdc.gov/han/2020/han00432.asp
https://doi.org/10.7326/M22-0308
https://doi.org/10.1016/S2352-4642(22)00027-X
https://doi.org/10.1093/cid/ciac275
https://doi.org/10.1002/jmv.27524
http://refhub.elsevier.com/S2772-7076(23)00005-X/sbref0014
https://doi.org/10.1016/j.jiac.2022.07.016
https://doi.org/10.1016/S1473-3099(22)00015-9
http://www.jpeds.or.jp/uploads/files/20220118_shaho.pdf
https://doi.org/10.1097/PCC.0000000000002760

	Hospital burden and characteristics of pediatric COVID-19 based on a multicenter collaborative retrospective study in Japan
	Introduction
	Methods
	Study design
	Setting
	Participants
	Variables
	Treatment/vaccination
	Data sources/measurements
	Statistical methods

	Results
	Discussion
	Conflicts of interest
	Acknowledgments
	Funding sources
	Ethical approval statement
	Contributors
	Data sharing
	References


