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Background: Eight waves of the coronavirus disease 2019 (COVID-19) epidemic have been observed in Japan. This retrospective study was conducted to clarify the clinical characteristics of pediatric COVID-19 patients.



Methods: We studied 121 patients admitted to the Jichi Children's Medical Center Tochigi between April 2020 and March 2023. Incidence of pediatric COVID-19 in Tochigi Prefecture was used to examine hospitalization and severe illness rates.



Results: The mean age of the patients was 3 years and 8 months. One hundred and eleven patients (91.7%) were hospitalized after January 2022 (after the 6th wave), when the Omicron strain became endemic in Japan. Convulsions occurred in 30 patients (24.8%), all of whom were admitted after the 6th wave. Twenty-three of the 30 patients had no underlying disease. Eleven patients (9.1%) were diagnosed with acute encephalopathy. One patient died due to hemorrhagic shock and encephalopathy syndrome and two had sequelae after the 6th wave. The patient who died due to encephalopathy had hypercytokinemia. In the Tochigi Prefecture, the number of pediatric COVID-19 patients increased after the 6th wave, but the hospitalization rate declined. The rate of severe illness did not change before the end of 5th and after the 6th wave.



Conclusion: Although the rate of severe illness in patients with pediatric COVID-19 did not increase after the 6th wave, some patients had complicated critical illnesses. Systemic inflammatory reaction was considered to have been associated with the severe encephalopathy.
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1. Introduction

The novel coronavirus disease 2019 (COVID-19) remains out of control and is spreading worldwide (1). Japan had seven major outbreaks before October 2022, and the eighth major outbreak began in November 2022 (2). Several strains of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) have been recorded since its first report in late 2019 (1). In Japan, the Wuhan strain was prevalent during the first wave from March to June 2020 and the second wave from July to October 2020. Alpha, Beta, and Gamma strains were identified in the third wave, from October 2020 to February 2021. In the fourth wave, from March to May 2021, alpha strains accounted for the majority. The Delta strains were first identified in March 2021 and then became the major endemic strains in the fifth wave from June to December 2021. Omicron strains have been endemic since the sixth wave, which began in January 2022 (3). The number of infected persons by age group was 5%–15% for those under 20 years of age before the 4th wave. However, it has increased to approximately 20% and 30% in the 5th and 6th waves, respectively (2).

In a report discussing the severity of pediatric COVID-19 hospitalizations up to the first half of the sixth wave in Japan, Shoji et al. summarized that most hospitalized pediatric patients with COVID-19 were mild cases (4, 5). However, this report did not examine detailed blood data or their courses of treatment after hospitalization. In addition, because only hospitalized patients were enrolled in these reports, the severe illness rate presented did not represent the overall severity rate of SARS-CoV-2-positive cases.

Tochigi Prefecture has a total population of 1.9 million, with 230,000 comprising those aged <15 years. The Jichi Children's Medical Center Tochigi (JCMCT) is the only highly advanced pediatric medical facility in the Tochigi Prefecture with Pediatric Intensive Care Unit (PICU), equipped with extracorporeal membrane oxygenation (ECMO) for children. The JCMCT accepts patients in Tochigi Prefecture who require advanced medical care for congenital heart disease, hematologic malignancies, immunodeficiency, neurological diseases, and other pediatric patients with severe COVID-19 who are difficult to treat at other facilities. In addition, the JCMCT accepts mild or asymptomatic patients if they are requested by the local government and/or referred by other hospitals. No report has summarized the details of the epidemic situation of pediatric patients with COVID-19 in the region and clarified the acceptance and subsequent clinical course of pediatric COVID-19 cases at the core pediatric highly advanced medical facility in the region under such circumstances.

In this study, we conducted a retrospective analysis of pediatric patients with COVID-19 admitted to the JCMCT, a highly advanced pediatric care facility, to clarify their clinical characteristics. Additionally, we aimed to clarify the hospitalization and severity rates for pediatric COVID-19 in Tochigi Prefecture, where several large epidemics with different mutant strains have circulated.



2. Patients and methods


2.1. Study design and data participants

This was a retrospective study based on the clinical records of hospitalized patients. The study included patients admitted to JCMCT between March 1, 2020, and March 31, 2023, who tested positive for SARS-CoV-2 at the time of admission.



2.2. Definition of severity

The National Institute of Health (NIH) COVID-19 treatment guidelines have been used to assess severity (6). NIH criteria are based primarily on the intensity of respiratory impairment caused by COVID-19. However, in this study, because there were cases of acute encephalopathy and myocarditis requiring intensive care even in the absence of severe pneumonia, the following definitions were used along with the NIH criteria, referring to the guidelines for acute encephalopathy (7) and those proposed for COVID-19-related myocarditis (8). The criteria from the Council of State and Territorial Epidemiologists and Center for Disease Control and Prevention were used to define multisystem inflammatory syndrome in children (MIS-C) (9) (Table 1).


TABLE 1 Definition of severity.
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Asymptomatic and mild illnesses were classified as the mild group. Because similar to severe illnesses, moderate illnesses required management to prevent exacerbation of symptoms and firm follow-up, moderate, severe, and critical illnesses were classified as the severe group.

In the case of patients with chronic lung disease or cyanotic heart disease, if their SpO2 falls below 94% on room air under normal circumstances, the inability to maintain their usual SpO2 levels due to COVID-19 is indicative of a severe illness.

Since the population of young patients has been increasing and Omicron strains have become the predominant strain since the 6th wave, patients in this study were divided into two groups: the pre-6th wave group, hospitalized before December 2021, and the post-6th wave group, hospitalized after January 2022.



2.3. Data collection

Data on sex, age, underlying disease, date of admission, symptoms at admission, and blood test data at admission [white blood cells (WBC), neutrophils (Neutr), lymphocytes (Lymph), platelet cells (PLT), D-dimer, serum C-reactive protein (CRP), creatinine (Cr), aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), creatine kinase (CK), procalcitonin (PCT)], records of diagnosis at admission, treatment details, length of hospital stay, and outcomes were collected.

Information regarding the number of pediatric patients with COVID-19 and overall hospitalized patients in Tochigi Prefecture during the study period was collected from the Medical Countermeasures Team, Headquarters for Novel coronavirus infectious Disease Control, Government of Tochigi Prefecture.



2.4. Mutation analysis

Mutation analysis of SARS-CoV-2 was performed for patients who provided informed consent. SARS-CoV-2 Direct Detection RT-qPCR Core Kit and Primer/Probe N501Y (SARS-CoV-2), Primer/Probe L452R (SARS-CoV-2), and Primer/Probe E484A (Shimadzu, Kyoto, Japan) were used for reverse transcription reactions (5 min at 52°C, 10 s at 95°C) and 40 cycles PCR (5 s at 95°C, 30 s at 60°C) to determine the presence of N501Y (e.g., Alpha or Beta strain), L452R (e.g., Delta strain), or E484A (e.g., Omicron strain) mutations in the S gene encoding the viral spike protein.



2.5. Statistical analysis

Comparison of the admission rates to the JCMCT between the pre-6th wave and post-6th wave groups against the number of pediatric COVID-19 admissions in Tochigi Prefecture; comparison of the hospitalization rates of pediatric patients with COVID-19 in Tochigi Prefecture, the pre-6th wave group, and the post-6th wave group; comparison of the admission rates to the JCMCT for pediatric patients with COVID-19 in Tochigi Prefecture, the pre-6th wave group, and the post-6th wave group; comparison of the proportion of severe cases by sex and presence or absence of underlying disease; and comparison of the background factors, case symptoms, diagnosis, and treatment for each case between the pre-6th wave and post-6th wave groups, were performed using the chi-squared test.

Fisher's exact test was used if the expected value was <5. Additionally, comparison of the proportion of severe cases between the pre-6th wave and post-6th wave groups, and comparison of the incidence rates of severity in the pre-6th and post-6th waves among pediatric patients with COVID-19 in Tochigi Prefecture were performed using Fisher's exact test. Meanwhile, comparisons of the blood data between the mild and severe groups, and between patients with and without neurological symptoms were performed using the Mann–Whitney U-test.

All statistical analyses were performed using R statistical software (https://cran.r-project.org) version 4.1.2.



2.6. Ethics statement

This study was approved by the Ethics Committee of the Jichi Medical University Hospital (22-133; approval date January 23, 2023). Written informed consent was obtained from all participants or their parents.




3. Results


3.1. Profiles of patients

One hundred and twenty-one patients tested positive for SARS-CoV-2 on admission during the study period, with 61 of them (50.4%) being male patients. The mean age was 3 years and 8 months (range: 0 months to 32 years), and 106 patients were under 15 years old. Fifty-eight patients (47.9%) had underlying diseases. Thirty-six patients (29.8%) had underlying neurological disease such as cerebral palsy, and epilepsy, 15 (12.4%) patients had cardiovascular disease such as Fallot's tetralogy and single ventricle, and 6 (4.9%) patients had respiratory disease, including chronic lung disease and airway stenosis. Eleven patients (9.1%) had multiple organ disorders associated with chromosomal or genetic abnormalities (Table 2). Five patients had been using home oxygen therapy before the onset of COVID-19 due to chronic lung disease or cyanotic heart disease, and a patient with Apert syndrome was using a high-flow nasal cannula due to concomitant upper airway stenosis. Two patients with cerebral palsy and one patient with trisomy 18 underwent tracheostomy and home ventilation for chronic respiratory failure. One patient was using tacrolimus after liver transplantation for biliary atresia, one patient with refractory nephrotic syndrome was treated with steroids and mizoribine, one patient with B-cell leukemia was treated with oral mercaptopurine hydrate for 3 weeks before the onset of COVID-19, and one patient with spinal medulloblastoma was treated with intravenous bevacizumab, irinotecan hydrochloride, and oral temozolomide.


TABLE 2 Patient demographics.
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3.2. Domestic epidemic wave

The JCMCT had ten hospitalized patients with COVID-19 before the end of the 5th wave. In the sixth wave, the number of hospitalizations increased sharply to 33 patients; in the seventh wave, 36 patients; and in the eighth wave, 42 patients were hospitalized until March 2023 (Figure 1).
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FIGURE 1
The monthly number of hospitalized patients at Jichi Children's medical center tochigi. The 1st wave lasted from March to June 2020. The 2nd wave lasted from June to October 2020. The 3rd wave lasted from October 2020 to February 2021. The 4th wave lasted from March to May 2021. The 5th wave lasted from June to December 2021. The 6th wave lasted from January to June 2022. The 7th wave lasted from July to October 2022. The 8th wave has lasted from November 2022. The number of COVID-19 patients admitted to the Jichi Children's Medical Center Tochigi from the 1st to the 5th wave was 10. Thirty-three patients were hospitalized in the 6th wave and 36 in the 7th wave. In the 8th wave, 42 patients were hospitalized until March 2023.


Before November 2022, for children under 15 years of age, we compared the number of admissions to our hospital (n = 91) with that in Tochigi Prefecture (no data on the number of patients aged <15 years admitted in Tochigi Prefecture after December 2022). Before the end of the 5th wave, there were 236 admissions of patients with COVID-19 in Tochigi Prefecture, of whom nine were admitted to the JCMCT. After the 6th wave (January–November 2022), the number of admissions to Tochigi Prefecture was 464, and the number of admissions to the JCMCT increased to 82. After the 6th wave (January–November 2022), the number of patients requiring hospitalization at the JCMCT was significantly higher (pre-6th wave vs. post-6th wave: 3.8% vs. 17.7%, p < 0.001).

For children aged ≤15 years, the total number of patients with COVID-19 in Tochigi Prefecture was 1,588 before the end of the 5th wave. After the 6th wave (January to September 2022, data were not available after October 2022 due to the completion of the total number of cases), the number was 51,081. The hospitalization rate for patients in Tochigi Prefecture dropped significantly after the 6th wave (pre-6th wave vs. post-6th wave: 1.5% vs. 0.9%, p < 0.001). The rate of hospitalization to the JCMCT for patients in Tochigi Prefecture also significantly decreased after the 6th wave (pre-6th wave vs. post-6th wave: 0.14% vs. 0.1%, p < 0.001).



3.3. Symptoms, diagnosis, and treatment upon admission

On admission, 108 (89.3%) patients had a fever >37.5°C, 42 (34.7%) had coughs, and 30 (24.8%) had convulsions. Acute upper respiratory tract infection was diagnosed in 71 (58.7%) patients, bronchitis in 12 (9.9%), and pneumonia in 5 (4.1%). Eleven patients (9.1%) had acute encephalopathy and were administered steroid pulse therapy, and one patient (0.8%) had myocarditis. Furthermore, intubation and ventilator management was performed in two (1.7%) of the patients with acute encephalopathy. The patient with HSES met the definition of MIS-C (Table 3).


TABLE 3 Symptoms, diagnosis, and treatment of the cases.
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The mean age of the 30 patients with convulsions was 4 years and 7 months, ranging from 11 months to 10 years and 10 months; 12 (40.0%) of the 30 patients were aged ≥5 years. Seven (23.3%) of the 30 patients had underlying neurological disease: four with epilepsy, two with cerebral abnormality such as brain tumor and ventriculomegaly, and one with autism spectrum disorder. The other 23 (76.7%) patients had no underlying disease. Sixteen patients (53.3%) had status epilepticus, and ten patients (33.3%) had seizure clusters. Of the patients aged ≥5 years, 12 had seizures, 7 (58.3%) had previous febrile convulsions or underlying epilepsy, whereas 5 (41.7%) had seizures for the first time.

All the 11 patients with acute encephalopathy had no underlying disease.

Five patients who had been on home oxygen therapy before admission for COVID-19 did not require an increase in oxygen dosage. Three patients on home ventilator did not require any changes in ventilator conditions before or after treatment.

One hundred and six patients (89.3%) underwent blood tests upon admission. The level of WBC was 7,442 ± 3,775/µl, neutrophils: 4,732 ± 3,287/µl, lymphocytes: 1,846 ± 1,630/µl, PLT: 231,000 ± 114,000/µl, D-dimer; 19.3 ± 83.9 µg/ml, CRP: 1.03 ± 1.9 mg/dl, Cr: 0.37 ± 0.21, 0.39 ± 0.23 mg/dl, AST: 59 ± 113 U/L, ALT: 34 ± 53 U/L, LDH: 351 ± 189 U/L, CK: 240 ± 767 U/L, and PCT: 1.04 ± 2.43 ng/ml. The pre-6th wave group had significantly more cases of diarrhea, while the post-6th wave group had significantly more cases of fever >37.5°C. Convulsions were observed only in the post-6th wave group, but the difference was not statistically significant. Regarding treatment, significantly more patients recovered without treatment in the pre-6th wave group (Table 4).


TABLE 4 Comparison of the pre-6th wave and post-6th wave groups for symptoms, diagnosis, and treatment.
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3.4. Outcomes

In the pre-6th wave group (n = 10), there were 1 (10.0%) asymptomatic, 7 (70.0%) mildly-ill, 1(10.0%) moderately-ill, and 1 (10.0%) severely-ill patients. There were no critically-ill patients. The moderately-ill patient was a 2-year-old boy with an underlying 22q11.2 deletion syndrome and tetralogy of Fallot who was usually on home oxygen therapy. The patient developed acute bronchiolitis on admission; however, oxygenation was not increased until discharge. The severely-ill patient was a 3-month-old boy who had bronchiolitis with SpO2 < 94%.

In the post-6th wave group (n = 111), there were 3 (2.7%) asymptomatic, 69 (62.2%) mildly-ill, 14 (12.6%) moderately-ill, 22 (19.8%) severely-ill, and 3 (2.7%) critically-ill patients. The 14 patients with moderate illness had status epilepticus or seizure clusters. None of the patients presented respiratory distress. Of the 22 patients with severe illness, 13 had decreased SpO2 associated with lower respiratory tract inflammation and were subsequently administered oxygen; 8 patients had prolonged loss of consciousness and were diagnosed with acute encephalopathy; and the remaining patient had complete atrioventricular block associated with myocarditis and underwent percutaneous pacing. The three critical cases included one patient who died due to hemorrhagic shock and encephalopathy syndrome (HSES), one with hemiconvulsion-hemiplasia syndrome (HHS) and left sequelae, and one with mild encephalopathy. Patients with HSES and HHE were hospitalized during the 6th wave. The HSES patient was an 8-year-old girl with no underlying disease. The HHS patient was a 2-year-old girl with no underlying disease; she was unable to sit without support and speak at the time of discharge. The patient with mild encephalopathy was a 1-year-old boy with no underlying disease; he was hospitalized during the 8th wave. He was intubated for ventilator management due to central apnea during status epilepticus and post-ictal impaired consciousness. He was extubated the next day and discharged without sequelae.

Two patients (1.7%) had sequelae: one was the HHS patient previously described and the other was a 7-month-old boy with an underlying Apert syndrome, who was diagnosed with bronchiolitis at admission during the 8th wave and was administered with oxygen because his oxygenation had dropped to 88%. Oxygen could not be discontinued until discharge, and thus necessitating home oxygen therapy, which was considered a sequela.

There were no significant differences between the mild and severe groups in terms of sex or age (Supplementary Table S1). There were no differences in the blood test results between the mild and severe groups. However, the patient with HSES had hypercytokinaemia on admission (interleukin-6: >15,333 pg/ml, interleukin-8: >15,333 pg/ml, tumor necrosis factor-alpha: 544.3 pg/ml) had changes in platelet and coagulation system, and elevations in deviating enzymes, as follows: PLT: 18,000/µl, D-dimer: 449 µg/ml, Cr: 1.74 mg/dl, AST: 1,126 U/L, ALT: 442 U/L, LDH: 1,819 U/L. The following blood data on admission for the patient with HHS with sequelae were higher than those for other patients: CRP: 6.57 mg/dl, AST: 361 U/L, ALT: 307 U/L, LDH: 974 U/L.

Platelet counts were significantly lower in patients with neurological symptoms such as convulsions and impaired consciousness on admission than in other cases (patients with neurological symptoms vs. without neurological symptoms; median 188,000 vs. 230,000; p-value 0.031). No other blood test results showed significant differences.



3.5. Mutation strain

Mutation analysis of SARS-CoV-2 was performed on one patient in 5th wave (moderately-ill patient with 22q11.2 deletion syndrome and tetralogy of Fallot), one patient in 6th wave (patient with HSES), five patients in 7th wave (one mildly-ill patient with upper respiratory infection, three moderately-ill patients with complex febrile seizure, and one severely-ill patient with pneumoniae), four patients in 8th wave (one mildly-ill patient with upper respiratory infection, two moderately-ill patients with complex febrile seizure, and one severely-ill patient with bronchitis). SARS-CoV-2 obtained from the patient in 5th wave had L452R mutation. After the 6th wave, E484A mutation was detected in all ten SARS-CoV-2 samples.




4. Discussion

The number of admissions of pediatric patients with COVID-19 is increasing since the Omicron strain become endemic (10, 11). In Tochigi Prefecture, the number of pediatric patients with COVID-19 increased from the 6th wave (the Omicron epidemic period in Japan), and the number of hospitalized cases admitted to JCMCT increased significantly. In reports of admission of pediatric patients with COVID-19 before the global outbreak of Omicron strain, symptoms on admission included fever in 67%–74% cases, respiratory tract symptoms such as cough in 55%–60%, and gastrointestinal symptoms in 29%–62%, while seizure is less common at 2%–3% (12–14). In our study, in the pre-6th wave group, before the Omicron epidemic, fever, cough, and gastrointestinal symptoms manifests in 30%, 50%, and 40% of patients, respectively, while no patients had seizures. In contrast, clinical manifestations of the post-6th wave group were characterized by an increase in the number of patients with fever and febrile seizures. Similar to this study, there have been several reports of an increase in the number of pediatric COVID-19 patients with seizures during the Omicron epidemic (15–17).

In general, febrile seizures rarely occur in individuals aged >5 years (18); however, 12 patients from this age group had febrile seizures. In addition, many patients had status epilepticus or seizure clusters, corroborating the findings of a study, which reported that patients aged 6–10 years infected with the Omicron strain had status epilepticus or seizure clusters (19). Although we did not identify the mutant strain in all cases in this study, considering the epidemic situation in Japan and Tochigi Prefecture, almost all cases admitted to the JCMCT after the 6th wave were considered to have been of the Omicron strains. In fact, the causative virus of the patient with HSES in the 6th wave and some patients in the 7th and 8th wave showed the E484A mutation, which is characteristic of the Omicron strain. Febrile seizures, including status epilepticus and seizure clusters, should be noted in a wide range of age groups with Omicron strain infections.

Animal experiments and basic science studies suggest that the mechanisms by which COVID-19 causes neurological symptoms include direct viral invasion into the nervous system, vascular damage, and/or inflammatory reactions due to local and systemic infection (20, 21). When SARS-CoV-2 invades cells, the Omicron strain inefficiently uses the cellular protease TMPRSS2. Conversely, the Omicron strain uses cathepsin to invade the cells (22). Differences in the pathway of entry into the cells may influence varying clinical symptoms. In this study, the patient with HSES had hypercytokinemia. Examinations of cytokine markers was not performed on patient with HHS. However, the CRP, AST, ALT, and LDH levels were elevated, suggesting hypercytokinemia. As the cerebrospinal fluid examinations could not be performed in some patients due to the risk of encephalocele associated with cerebral edema, assessment of viral invasion to the central nervous system was not conducted. Examinations of cerebrospinal fluid was performed on some patients with status epilepticus; however, it remains unclear whether SARS-CoV-2 had invaded the central nerve system as PCR of SARS-CoV-2 of cerebrospinal fluid were not examined. A meta-analysis by Malik et al. suggested that decreased lymphocytes and platelets as well as increased D-dimer, CRP, PCT, CK, AST, ALT, Cr, and LDH levels were associated with severe COVID-19 (23). However, WBC, Neutr, Lymph, PLT, D-dimer, CRP, PCT, CK, AST, ALT, Cr, and LDH levels were not relevant indicators for severity assessment of pediatric patients with COVID-19 in this study. Platelet counts were significantly lower in patients with seizure and impaired consciousness. Thrombocytopenia has been reported to occur as a result of vascular damage associated with COVID-19 (24), which may have caused neurological symptoms by impairing blood flow in the brain in this study. However, it was not proven whether there was vascular damage as no imaging evaluation such as MRA, cerebral blood flow scintigraphy, or SPECT had been performed.

In Tochigi Prefecture, the number of patients aged <15 years with COVID-19 was 1,589 before the end of the 5th wave and increased approximately 32-fold to 51,081 after the 6th wave. However, the number of hospitalized patients has remained less than double. The high rate of hospitalization of pediatric patients with COVID-19 before the end of the 5th wave may be because being younger was considered a risk factor for severe illness at that time. An increasing number of reports on the clinical characteristics of patients with COVID-19 have revealed that most younger patients are asymptomatic or have mild illnesses (4, 25, 26). This may have led to a decrease in hospitalization rate after the 6th wave in Tochigi Prefecture.

In Japan, according to the Ministry of Health, Labor, and Welfare policy states, in principle, hospitalization measures for patients with COVID-19 should be taken at medical facilities in the prefecture they reside. Moderate, severe, or critical pediatric COVID-19 cases in Tochigi Prefecture are often admitted or transferred to the JCMCT. In pediatric patients with COVID-19 who had not been admitted to the JCMCT and were asymptomatic or mildly ill, there was no significant difference in the incidence of severe illness in all pediatric COVID-19 cases in Tochigi Prefecture between the pre-6th and post-6th wave groups (pre-6th wave vs. post-6th wave: 0.13% vs. 0.06%, p = 0.251). When restricted to the incidence of cases meeting the NIH severity criteria only, there was also no significant difference in the incidence of severe cases (pre-6th wave vs. post-6th wave: 0.13% vs. 0.02%, p = 0.308). As in previous reports, most pediatric COVID-19 cases were mild (4, 5, 9, 25, 26). However, the increase in the overall number of COVID-19 patients suggests that the number of patients with moderate or severe illness has also increased, resulting in the emergence of patients who died or had severe sequelae.

This study has four limitations. First, the sample size was small, as it was a single-center study, and the severity rate was assessed only in Tochigi Prefecture. The number of deaths and patients with sequelae was also small, and the statistical analysis of the background characteristics and blood tests between patients who died or had sequelae and those without sequelae could not be performed. Second, the definition of severity differs from that in the NIH criteria. This led to an increase in the number of severe cases, because the Japanese severity criteria are based on the NIH criteria. However, we were able to evaluate severe cases that did not fit the NIH criteria. Third, because virological analysis was not performed in all cases, we were unable to evaluate differences in symptoms and severity by the mutation strain. Fourth, there was no data on the bed occupancy rate of local medical facilities before and after the Omicron strain outbreak. It is possible that increased occupancy rates at local medical facilities in Tochigi Prefecture may have affected the number of admissions to the JCMCT. However, the JCMCT rarely refuses moderately, severe, or critical pediatric COVID-19 patients. The information on the severe group patients in this study is considered to be almost accurately indicative of the actual situation in Tochigi Prefecture.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Jichi Medical University Hospital (22-133; approval date January 23, 2023). Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

HY wrote the manuscript; DT, HO, and TY contributed to the conception and design of this study; HY, DT, SS, YM, and KW collected and analyzed data; HO, TY, and TT critically reviewed the manuscript and supervised the entire study process. All authors contributed to the article and approved the submitted version.



Acknowledgments

We would like to thank Akiko Horikoshi, Ichiki Okumura, Kaoru Kitamura, Kazuya Tanimoto, Kensuke Oka, Kohei Nagai, Maho Asai, Marika Ono, Marina Hashiguchi, Mika Dofuku, Momo Tanaka, Shinya Fukuda, Shun Inoue, Tadahiro Mitani, and Yuka Minoura, the attending physicians who were responsible for the care of the hospitalized COVID-19 patients. We would also like to express our appreciation to Takahiro Hayakawa, Takeo Shiozawa, Tetsuya Komuro, and Hiroki Awano, who are with the Medical Countermeasures Team, Headquarters for Novel Coronavirus Infectious Disease Control, Government of Tochigi Prefecture, for providing data on the number of pediatric COVID-19 patients in Tochigi Prefecture.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2023.1201825/full#supplementary-material



References

1. Cascella M, Rajnik M, Aleem A, Dulebohn SC, Napoli RD. Features, evaluation, and treatment of coronavirus (COVID-19). Treasure Island, FL: StatPearls Publishing (2022).

2. Ministry of Health, Labor and Welfare. Information on novel coronavirus infectious disease. Available at: https://covid19.mhlw.go.jp (Accessed January 23, 2023).

3. Ministry of Health, Labor and Welfare home page. Genomic surveillance detection of SARS-CoV-2. Available at: https://www.mhlw.go.jp/stf/seisakunitsuite/newpage_00061.html (Accessed January 23, 2023).

4. Shoji K, Akiyama T, Tsuzuki S, Matsunaga N, Asai Y, Suzuki S, et al. Clinical characteristics of hospitalized COVID-19 in children: report from the COVID-19 registry in Japan. J Pediatric Infect Dis Soc. (2021) 10:1097–100. doi: 10.1093/jpids/piab085

5. Shoji K, Akiyama T, Tsuzuki S, Matsunaga N, Asai Y, Suzuki S, et al. Clinical characteristics of COVID-19 in hospitalized children during the omicron variant predominant period. J Infect Chemother. (2022) 28:1531–5. doi: 10.1016/j.jiac.2022.08.004

6. National Institutes of Health. Coronavirus disease 2019 (COVID-19) treatment guidelines. Available at: https://pubmed.ncbi.nlm.nih.gov/34003615/ (Accessed January 23, 2023).

7. Mizuguchi M, Maegaki Y, Imataka G, Okumura A, Goto T, Sakuma H, et al. Guidelines for the diagnosis and treatment of acute encephalopathy in childhood. Brain Dev. (2021) 43:2–31. doi: 10.1016/j.braindev.2020.08.001

8. Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, Khanji MY, et al. Recognizing COVID-19-related myocarditis: the possible pathophysiology and proposed guideline for diagnosis and management. Heart Rhythm. (2020) 17:1463–71. doi: 10.1016/j.hrthm.2020.05.001

9. Center for Disease Control and Prevention. Multisystem inflammatory syndrome in children (MIS-C). Available at: https://www.cdc.gov/mis/mis-c/hcp_cstecdc/index.html (Accessed June 15, 2023).

10. Curatola A, Ferretti S, Graglia B, Capossela L, Menchinelli G, Fiori B, et al. COVID-19 increased in Italian children in the autumn and winter 2021–2022 period when omicron was the dominant variant. Acta Paediatr. (2023) 112:290–5. doi: 10.1111/apa.16576

11. Lota-Salvado R, Padua JR, Agrupis KA, Malijan GM, Sayo AR, Suzuki S, et al. Epidemiological and clinical characteristics of children with confirmed COVID-19 infection in a tertiary referral hospital in Manila, Philippines. Trop Med Health. (2023) 51(1):9. doi: 10.1186/s41182-023-00507-x

12. Kainth MK, Goenka PK, Williamson KA, Fishbein JS, Subramony A, Barone S, et al. Early experience of COVID-19 in a US children’s hospital. Pediatrics. (2020) 146(4):e2020003186. doi: 10.1542/peds.2020-003186

13. Kanthimathinathan HK, Dhesi A, Hartshorn S, Ali SH, Kirk J, Nagakumar P, et al. COVID-19: a UK children’s hospital experience. Hosp Pediatr. (2020) 10(9):802–5. doi: 10.1542/hpeds.2020-000208

14. Dilber B, Aydın ZGG, Yeşilbaş O, Sağ E, Aksoy NK, Gündoğmuş F, et al. Neurological manifestations of pediatric acute COVID infections: a single center experience. J Trop Pediatr. (2021) 67(3):fmab062. doi: 10.1093/tropej/fmab062

15. Joung J, Yang H, Choi YJ, Lee J, Ko Y. The impact of omicron wave on pediatric febrile seizure. J Korean Med Sci. (2023) 38(3):e18. doi: 10.3346/jkms.2023.38.e18

16. Cloete J, Kruger A, Masha M, du Plessis NM, Mawela D, Tshukudu M, et al. 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(5):294–302. doi: 10.1016/S2352-4642(22)00027-X

17. Iijima H, Kubota M, Ogimi C. Change in seizure incidence in febrile children with COVID-19 in the era of omicron variant of concern. J Pediatric Infect Dis Soc. (2022) 11(11):514–7. doi: 10.1093/jpids/piac085

18. Patterson JL, Carapetian SA, Hageman JR, Kelly KR. Febrile seizures. Pediatr Ann. (2013) 2:249–54. doi: 10.3928/00904481-20131122-09

19. IiO K, Hagiwara Y, Saito O, Ishida Y, Horikoshi Y. Seizure in children with acute respiratory syndrome coronavirus 2 omicron variant infection. Pediatr Int. (2022) 64:e15255. doi: 10.1111/ped.15255

20. Song E, Zhang C, Israelow B, Lu-Culligan A, Prado AV, Skriabine S, et al. Neuroinvasion of SARS-CoV-2 in human and mouse brain. J Exp Med. (2021) 218(3):e20202135. doi: 10.1084/jem.20202135

21. Yachou Y, El Idrissi A, Belapasov V, Ait Benali S. Neuroinvasion, neurotropic, and neuroinflammatory events of SARS-CoV-2: understanding the neurological manifestations in COVID-19 patients. Neurol Sci. (2020) 41(10):2657–69. doi: 10.1007/s10072-020-04575-3

22. Meng B, Abdullahi A, Ferreira IATM, Goonawardane N, Saito A, Kimura I, et al. Altered TMPRSS2 usage by SARS-CoV-2 omicron impacts infectivity and fusogenicity. Nature. (2022) 603(7902):706–14. doi: 10.1038/s41586-022-04474-x

23. Malik P, Patel U, Mehta D, Patel N, Kelikar R, Akrmah M, et al. Biomarkers and outcomes of COVID-19 hospitalizations: systematic review and meta-analysis. BMJ Evid Based Med. (2021) 26:107–8. doi: 10.1136/bmjebm-2020-111536

24. Rohlfing AK, Rath D, Geisler T, Gawaz M. Platelets and COVID-19. Hamostaseologie. (2021) 41(5):379–85. doi: 10.1055/a-1581-4355

25. Ladhani SN, Amin-Chowdhury Z, Davies HG, Aiano F, Hayden I, Lacy J, et al. COVID-19 in children: analysis of the first pandemic peak in England. Arch Dis Child. (2020) 105:1180–5. doi: 10.1136/archdischild-2020-320042

26. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report of 72 314 cases from Chinese center for disease control and prevention. JAMA. (2020) 323:1239–42. doi: 10.1001/jama.2020.2648



OPS/images/fped-11-1201825-t001.jpg
Asymptomatic (6) | Only positive virological (nucleic acid amplification or antigen
test) SARS-CoV -2, without symptoms consistent with COVID-

19.

Mild illness (6) | With symptoms such as fever >37.5°C, cough without dyspnea
caused by COVID-19, and no decrease in saturation of oxygen
($p02) under 98%.

Moderate illness | With findings of lower respiratory tract inflammation and ‘

(6-8) SpO2 >94%, with seizure clusters or status epilepticus but
showing improvement in impaired consciousness within 24 h,
and with chest pain associated with myocarditis.

Severe illness Lower respiratory tract inflammation and SpO2 <94%, ratio of
(6-8) arterial partial pressure of oxygen to fraction of inspired
oxygen (PaO2/Fi02) <300 mmHg, and Glasgow coma scale
(GCS) <12 with prolonged disturbance of consciousness for
more than 24 h, or with circulatory instability due to
arrhythmia.

Critical illness (6) | With respiratory failure or impaired consciousness, requiring

intubated ventilator sepsis, or multiorgan failure.

MIS-C (9) Age <21 years old, Fever >38.0°C, Clinical severity requiring
hospitalization or resulting in death, C-reactive protein

3.0 mg/dl, New onset manifestations in at >2 of the following
category a-¢;

a. Cardiac involvement such as left ventricular jection
fraction <55%, troponin elevated, and s0 on;
Mucocutaneous involvement such as rash, redness of the
eyes, and so on;

<. Shock;

ks

d. Gastrointestinal involvement;

e. Hematologic involvement

AND; Detection of SARS-CoV-2 RNA, or specific antigen in a
clinical specimen up to 60 days prior to hospitalization. OR;

Detection of SARS-CoV-2 specific antibodies in serum, plasma
or whole blood associated with current illness resulting in or
during izati

T





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of the omicron phase on a highly advanced medical facility in Japan

		1. Introduction



		2. Patients and methods



		2.1. Study design and data participants



		2.2. Definition of severity



		2.3. Data collection



		2.4. Mutation analysis



		2.5. Statistical analysis



		2.6. Ethics statement











		3. Results



		3.1. Profiles of patients



		3.2. Domestic epidemic wave



		3.3. Symptoms, diagnosis, and treatment upon admission



		3.4. Outcomes



		3.5. Mutation strain











		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Impact of the omicron phase on a
highly advanced medical facility in Japan





OPS/images/fped-11-1201825-t002.jpg
Male

Underlying disease

Under 1 year old

1-4 years old

5-11 years old

12-15 years old

Over 16 years old

Neurological discase

Cardiovascular disease

Respiratory disease

disease

Renal disease

Metabolic disease
Hematological disease






OPS/images/fped-11-1201825-g001.jpg
8th wave

Tth wave

3rd wave | 4th wave 5Sth wave 6th wave

2nd wave

1st wave

®

©

¥+ 9 o ® © T & o

(sase2) suoned Jo Joquinu AJHUON





OPS/images/fped-11-1201825-t003.jpg
Fever >37.5°C

Sputum increase

Impaired consciousness

Diarrhea

Vomit

Sore throat

Headache

Chest pain

Mauscle pain

Apnea

Dysgeusia

Without symptoms

Upper respiratory infection

Complex febrile seizure

Bronchitis

Acute encephalopathy

Gastroenteritis

Pneumonia

Febrile delirium

Simple febrile seizure

Myocarditis

Kawasaki disease

Myositis

Diabetic ketoacidosis

Treatment

Transfusion

Antifebrile drug

Expectorant drug

Oxygenation

Remdesivir

Methylprednisolone pulse

Intravenous i

Intubation and respirator

High-flow nasal cannula

=

Percutaneous pacing

Without treatments






OPS/images/fped-11-1201825-t004.jpg
The pre- | The post- p-

6th wave | 6th wave | Value

group n= | group n=

10 111

Fever >37.5°C
Cough
Convulsion
Runny nose

Sputum increase

Impaired consciousness

Diarrhea

Vomit
Sore throat
Headache

Chest pain

Muscle pain

Apnea

Dysgeusia

Without symptoms

2fwlo|=|=|w|ulv

Diagnosis | Upper respiratory
infection

o

Complex febrie seizure
Bronchiis

s

Acute encephalopathy

Gastroenteritis

Pneumonia

Febrile delirium
Simple febrile seizure
Myocarditis

Kawasaki disease

Myositis
Diabetic ketoacidosis
Treatment | Transfusion
Antifebrile drug

glg|~|=[~|~|o|[s]|n]|a

Expectorant drug

3

Oxygenation
Remdesivir
Methylprednisolone
pulse

Intravenous

I3

Intubation and
respirator

High-flow nasal cannula
Dexamethasone

Percutancous pacing

‘Without treatments









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





